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Abstract

Purpose of Review Noise is penetrating urban life pervasively and is imperative for demonstrating the factors behind it
regarding built environment, aka buildings and urban form. So, this review aims to provide a better understanding of the
association between building acoustics and urban form characteristics.

Recent Findings There is a growing attention for building acoustics, including materials and simulation aspects with various
increasing urban form attributes, i.e., the built and natural environment and transportation.

Summary Building acoustics is a key aspect of urban life and falls within the interface of various urban form characteristics.
While these two main attributes are not sufficiently addressed, they may adversely affect individuals; thus, all the more
reason to explore this nexus. This study has evaluated 67 peer-reviewed journal articles after systematically reviewing the
triple resources in assessing building acoustics and urban form between 2016 and 2022. This review separates the indoor
and outdoor categories within the simulation, theory, building materials, facade, and the built environment sub-categories.
The study does not only review the overall scope of present studies but also direct future directions of their associations.

Keywords Building - Acoustics - Urban form - Noise - Sound

Introduction

More than half of the world’s population will reside in cities
by 2050. While this pattern increases the urbanization rate,
unemployment, food security, public health, and migration
concerns, it will expectedly yield intended and unintended
consequences, including impacts on air and noise. More than
half of the individuals will be inevitably exposed to higher
noise levels in urbanized areas, causing with multiple socio-
psychological and physiological consequences.

People residing both indoors and outdoors within vari-
ous urban forms, remain vulnerable and exposed to noise
regardless of location and time of day. Various sampling
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techniques and applications help understand the impacts
of noise exposure. As a subsidiary of physics, acoustics
and other core sciences can help measure various param-
eters of noise including in-situ measurements, simulations,
experiments, and modeling for data collection. Yet seen
differently and associated with human preferences and per-
ception, individuals comprise the research subjects who
constitute 'preferred’ acoustic environments with varying
individual differences.

Different urban forms, also affect human life with noise-
related parameters/variables. Urban forms comprise char-
acteristics such as streets, roads, buildings, land uses, and
so on, where each attribute impacts noise levels. These fea-
tures range from road lengths and widths, speed limit, con-
struction sites, building type —commercial, residential etc.-,
building geometry, height, facade design, indoor and outdoor
materials to single or mixed land use. All these features are
associated with building acoustics. However, no study has
systematically assessed the nexus between building acous-
tics and urban form characteristics.

This paper aims to fill this gap in the literature by review-
ing building acoustics in various contexts, as the concept
mainly pertains to indoor and outdoor urban characteristics.
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Methods

Study Protocol

The study has conducted a systematic overview of the literature.
Search Principle

Since the study includes most recent narratives, it covers
the 2016-2022 period. The study started off on January
Ist, 2016, and lasted until April 30th, 2022. The initial
search started within various electronic databases, includ-
ing Scopus, ScienceDirect, and Google Scholar, and only
covered published journal articles and excluded con-
ference papers, proceedings, as well as magazines, and
project reports. The study aimed to explore the linkage
between building acoustics and urban form contexts utiliz-
ing the following search words in the aforementioned data-
bases: ‘building acoustics’, ‘acoustics and urban’, ‘build-
ing acoustics and urban form’, ‘sound and urban form’,
‘noise and urban’, ‘noise and urban form’. These words
were extracted in title and abstract of studies initially and
all researchers involved this process.

Search Extraction

The initial search result identified 149 published journal
articles, after removing duplicates (N=127), and assessing
the keywords within the titles or abstracts. The next stage
included 107 full-text articles 34 of which were excluded
from further consideration due to lack of information on
building and urban form-related variables. In the final pro-
cess, three articles turned out to fall outside the scope of the
study as the body of the literature did not include building
and particularly urban form variables even though the title
and/or the abstract affirmed such contexts. At the final stage,
three more studies were excluded from indoor-related cat-
egories. Eventually, 67 journal articles made the cut out of
which 10 covered the indoor-related categories and 57 out-
door-related articles. All researchers assessed the abstracts
and complete versions of the articles while removing some
sub-categories for reaching consensus.

The assessment criteria included the publication year,
indoor vs. outdoor relevancy, research method, both indoors
and outdoors sub-categories, and specific additional varia-
bles. Eventually, the study included two main categories and
eight specific sub-categories of building acoustics. The sub-
categories of indoor building acoustics included: building
materials, simulation/VR, and theory while outdoor building
acoustics included: building material/geometry, facade, built
environment (this is the only category with sub-categories),
simulation/VR, and theory.

Results
At a Glance

Table 1 shows all 67 articles included in this study in
chronological order. Indoor attributes of building acoustics
within the search protocol gradually decreased over the last
six years, while showing an increase in 2020. Looking at
the outdoor-related building acoustic publications, there has
been somehow consistency over the last six years.

Indoor-Related Factors in Building Acoustics

10 studies out of 67 were included within the indoor-related
category for the last six years of building acoustic studies.

Simulation, Estimation, and Virtual Reality

Three studies examined indoor-related simulations and vir-
tual reality. In one of the earlier studies, Chetoni et al. [1]
created a web-oriented application for collecting noise data
among schools by increasing the school stakeholders’ (i.e.,
students, parents, teachers, and administrators) awareness.
The app simply gathers acoustic information from class-
rooms to assess various parameters that might be helpful in
designing better educational facilities. To create such app,
the authors used building —related attributes, i.e., facades
and wall as well as urban structures surrounding education
facilities, i.e., locating urban/suburban and different types
of roads. In another study, Hou et al. [2] modeled a 3D ray
tracing method to understand the reflections of the traffic
noise. The study also assessed several parameters and found
the method's validity about 1.68 dB for indoors. Finally, the
study reported that vehicle speed, vehicle size, and traf-
fic signal phase have impacts on the model. Particularly,
the traffic during the red light causes 20 dB quieter urban
areas. Jeon and Jo [3] performed research on noise propaga-
tion of virtual reality by using head-related transfer func-
tion (HRTF) and head-mounted display (HMD) to examine
indoor residential buildings by using four combinations:
with HRTF and HMD and without HRTF or HMD, and both
techniques combined. Identifying the traffic noise turns out
to be the highest with HRTF, while the space shows the
highest level with HMD. So, the study contributes to urban-
related factors of specific noise characteristics.

Theory

Other studies theorized some aspects of indoor acoustics.
Schiavi et al. [4] conducted a literature review of the com-
fort context inside the buildings. To do this, they proceeded
with theoretical and empirical literature assessments and
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Table 1 (continued)
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Springer

increases noise levels

m Traffic volume and road density

increases noise levels

South Korea

Noise modeling

Kim et al. [62]

Built environment

m Soundscapes —water,green space- of

South Korea

Noise sampling and survey

Hong and Jeon [63®e]

Built environment

urban life are important to consider

m Street geometry is the most important

feature for noise levels

China

Noise modeling

Yu and Kang [64]

Built environment

m Vibration is significant for construction

sites

Noise modeling Singapore

Lee et al. [65]

Built environment

m Sky view factor increases the noise

levels

Portugal

Noise modeling

Silva et al. [66]

Built environment

m Machine learning method might be

Noise modeling The UK
used for noise levels

Alvares-Sanches et al. [67]

Built environment

identified individuals' reactions, such as disturbance and
behavioral changes. The study obtained the key vibra-
tion sources of buildings caused by the industrial and
transportation-related factors. Yilmazer and Acun [5]
used the grounded theory as a framework for assessing the
indoor acoustics of a historical mosque and gathered partic-
ipants' responses on the surrounding acoustic environment
and found that indoor and outdoor sounds are mixed with
noise from streets and vendors. Thus, this condition does
not offer unique indoor and outdoor acoustic environments.
Aburawis and Dokmeci Yorukoglu [6] created a theory-
based framework for applying post-occupancy evaluation
(POE) of sounds by conducting a systematic review. Based
on this, six sound typologies emerged within five key expe-
riential characteristics. The study matched these typologies
and characteristics to understand the key stages of the POE
context and included architectural features i.e., form, cir-
culation, and proportion in the proposed framework. From
another angle, Torresin et al. [7] addressed the association
between indoor acoustics and residents' health and well-
being by posing thematic discussion with experts in the
context of health-related sound. The study puts forward
arguments on healthy building design strategies as well as
the harmony between anticipated and actual indoor experi-
ence. Based on experts, facade design, ventilation, build-
ing configuration, and amenities play key roles on health
buildings. Eventually, the study directs the importance of
noise control applications and strategies.

Building Material/Shape/Geometry

Indoor-related building acoustics were mainly assessed
in the building materials and shapes in regards to the
urban form context., Zhao et al. [8] assessed the atria of
various commercial areas by examining the geometric
parameters, i.e., length, height, the proportion of length
to width, skylight portion, and slope. The authors ran sev-
eral computer-based simulations including sound pressure
levels and reverberation times, and found that an increase
in length and/or height decreases the SPL and mix effects
on reverberation time. Furthermore, an increase in length
to width proportion decreases the SPL with reverbera-
tion time decreasing. Another study identified acoustic
absorption. Wang and Du [9] conducted a theory-based
study on reinforced residential buildings to understand
the performance of sound insulation on several key vari-
ables, including floor type, thickness, density, elasticity,
and so on.. 40 mm thickness along with denser materials
shows greater sound insulation. Furthermore, theoretical
application of the study area shows up to 5 dBA differ-
ence compare to the experimental version. The study also
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contributed to building acoustics in terms of sound and
insulation performance.

Only one study used a mixed-methods approach by defin-
ing residents’ indoor acoustic preferences. Sentop Dumen
and Tamer Bayazit [10] examined the acoustic performance
of residential units by both sound level sampling in six
buildings and surveying 136 residents. The study incorpo-
rated noise concerns regulations for building acoustics in
particular with facade design and building insulation.

Outdoor-Related Factors in Building Acoustics
Simulation

Three studies examined the simulation of outdoor-related
building acoustics. In an earlier study, Hornikx [11] high-
lighted the computational model options for building acous-
tics in an urban environment by using the pros and cons
of different ideas including noise mapping and other simu-
lation and modeling solutions. The study also forecasted
the future of the buildings’ acoustic modeling by pointing
out the importance of virtual reality (VR) and incorporat-
ing auditory sense with other senses. That study offers key
engineering aspects with themes from’10 questions’ sur-
rounding the importance of sound predictions and com-
putations. Lesieur et al. [12] created noise maps with the
Noise Modelling software and obtained statistical output
in Lorient, France, using the Kriging method. That study
found the method considerably faster than the other models
by testing physical modeling, with a 1.58 dB mean error. In
other words, the study required 2,000 simulations for mak-
ing such conclusions while it turns out much faster than the
other noise map modeling techniques. In the latest and more
specific prediction study, Hong et al. [13] showed how to
control noise during building construction acoustics, and
performed a promising aspect in terms of accuracy with the
general model (at about 35% improvement), by including
construction noise data and the residents’ exposure to noise.
By doing so, the study called attention to construction com-
panies and the individuals involved.

Theory

To understand the sustainability context relative to build-
ing acoustics for smart cities, Luzzi et al. [14] examined
acoustics and assessed the individuals’ preferences and
awareness in a participatory approach. However, it did not
perform any qualitative or quantitative research design to
relay its core message. Rather, it remained at the policy
and regulation suggestion level. In the same year, Morillas
et al. [15] expanded the noise and acoustics in urban plan-
ning by focusing on a broad range of issues from trafficand
urban land use, to street typologies, and so on, and reviewed

dozens of studies. Furthermore, urban noise has been exam-
ined within various scales ranging from small sampling
points to modeling the whole city. The study also offers a
snapshot of new fields, i.e., urban morphology, green spaces,
parking lanes, car parking areas, traffic signals etc. [15].
Jablonska [16] highlighted noise as a negative anomaly that
needs to be addressed in policy and design aspects, and spe-
cifically concentrated on Tokyo, Japan, compared to other
regions for the public and private sector solutions.

Building Material/Shape/Geometry

Outdoor-related features of this context might be included
within three categories; density, type-shape-geometry, and
specific units of buildings.

Some studies concentrate on density in terms of the num-
ber of buildings. Han et al. [17¢], for instance, examined
China's urban morphological configurations based on noise
levels. The study incorporated different factors, including
nighttime light density, land surface temporal conditions,
traffic features, and so on, and found positive associations
between building density and environmental noise levels. On
top of that, the authors found negative association between
building density and noise level in spatial distribution com-
pared to spatially concentrated settings. The study reported
some key associations both for environmental and transpor-
tation-related noise factors. In another study, Paszkowski
and Sobiech [18] calculated urban noise factors by using
GIS. Operationalizing entropy, diversity, and transport data,
the study mainly used building factors, such as floor space
index, number of buildings, land cover, and building pro-
portions, by using the neural network technique. Based on
the study, building variables showed negative correlations
with noise data. Perhaps using hexagonal fields to assess
the noise indicators in different categories became one of
its primary feature.

Zooming out on both the auditory and visual aspects,
Verma et al. [19] compiled the visual and auditory informa-
tion from the streets in Mumbai, India and used time-related
data from streets with smartphone camera and audio record-
ers. Calculating several variables and algorithms, it used
the number of buildings on streets, and found that buildings
play key roles in relation to higher noise levels. The same
authors also conducted a research a year later on individual
perceptions of visual and auditory environments [20]. Using
a method similar to their previous study, they recruited 73
participants and evaluated their perceptions on several audio
and video clips. Based on the participants' perception, audio
clips were identified as significantly related to the following
factors: pleasant, calm, vibrant, chaotic, and eventful. On the
other hand, transportation-related attributes showed no sig-
nificance. While these two studies offer promising planning
tools for visual and aural data collection and interpretations,
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they still need multi-disciplinary platform to generation a
comprehensive understanding.

In the last study in this category, Margaritis et al. [21]
assessed the land use-related factors on noise by having a
mixed-methods approach. They performed a noise sampling
as well as surveyed 20 participants. Then, statistical analy-
ses were performed and found density to have key roles on
building-related attributes. As expected, the results showed
that residential land uses include lower noise level compared
to industrial and commercial ones.

Beyond density, other studies examined building types,
shapes, and geometry specifics. Many studies fit in this
building material/shape/geometry category. Using trans-
portation and built environment data along with building
information, i.e., building geometry, number of floors,
and building type (residential or commercial), Zytoon [22]
studied environmental noise by considering several urban
characteristics in Saudi Arabia, and created noise maps of
three-day times. The study found building height, complex
geometry, and commercial type of use positively affecting
the noise levels. The results recommend using noise mod-
eling application and computation for noise mitigation pur-
poses. Sanchez et al. [23] investigated the street and building
geometries on road traffic noise. Using CNOSSOS spectra
parameters for a two-lane road with more than forty cases,
they showed how building shape may result in 7 dBA vari-
ations on noise exposure and by designing building facades
and other building attributes, showed an almost 13 dBA dif-
ference. So, building geometry and facade design should be
specifically considered for streetscape design and planning.

Huang et al. [24] specifically assessed China's noise lev-
els and building height, where the key aim was modeling
and understanding noise patterns for high-rise apartments
adjacent to highways. To do this, by sampling noise on
different floors, they identified the factors affecting it, and
eventually, created a noise estimation pattern based on the
neural network technique. While the model was confirmed
in terms of statistics, the study results highlighted that build-
ing heights between 12-24 m and over 54 m show better
acoustics environments than other height variations. These
findings shed light on the traffic-related factors on high-rise
building construction regarding noise propagation. From the
aviation noise point of view, Flores et al. [25] addressed the
nexus between aircraft noise and urban form, and exam-
ined street features, building positioning, facade details, and
the combination thereof in Madrid, Spain. Their findings
showed that a higher line of sight for buildings correlates
with noise level. So, the study results call specific atten-
tion on the building locationing and other factors regarding
aircraft activities.

On a more general level, Wang et al. [26] examined the
association between points of interest (POIs) and noise expo-
sure in Guangzhou, China. Having several building criteria
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including type, use, distribution as well as interrogating with
traffic factors, they found almost one-third of such buildings
exposed to higher noise levels. As an interesting finding, the
study demonstrates that the majority of people, as expected,
do not consider urban form-related traffic noise as annoy-
ance.Yuan et al. [27] examined the land cover, land use,
urban form factors, and noise by performing various sta-
tistical analyses, including correlations and multiple linear
regressions. Based on this, grassland use impacts noise less
than forest areas. Also, high density and high-rise build-
ings impact noise levels most, while residential buildings
are more effective for decreasing noise levels. Finally, while
the study found the generic aspects of denser building areas
creating more noise, specific results show that larger build-
ing footprints and multiplex shapes seem more effective in
noise reduction.

Fan et al. [28] explored whether a proposed bus direction
affects noise complaints in Singapore and included factors
such as building age and number of floors. However, none
of those variables showed significance on the impacts of the
bus route on noise complaints. The findings call attentions
on massive noise exposure near transportation-related com-
munities. Gev et al. [29] compared noise level in pre- and
during the COVID-19 pandemic and related comparative
factors in Rio de Janeiro, Brazil, and compromised several
noise maps based on the noise datasets and related variables.
The study found a ten dBA reduction during the COVID-19
period, with the building height as a variable in noise level
reduction. It also demonstrated that half reduction on traffic
density caused 3—5 dBA lesser noise.

Some other studies examined this category in historic
places. Galindo et al. [30] assessed the historical Roman
theaters in Spain for building acoustic performance to under-
stand how several acoustic parameters operate in terms of
temporal and spatial aspects. Sukaj et al. [31] examined
five Byzantine churches in Albania in terms of acoustic
performance by having building variables, including roof
material and morphology as well as building features. They
found that slight concerns about individuals' conversations
and building shape and height significantly affect acoustic
environments. Both studies show how historical places were
designed and planned by factoring in the sound attributes in
different geographies.

This last category in this section examined studies that
focused on building components, i.e., roof and wall. Van
Renterghem [32] assessed the noise absorption effects of
green roofs, and found that green roofs reduce noise levels
up to three dBA compared to non-green traditional roofs.
They also examined the solar panel effects, and provided
up to 5 dBA reduction on noise as some materials in solar
panels show sufficient absorption capability. Paull et al. [33]
investigated the buildings with green walls on noise levels
along with other parameters, including particulate matter
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and temporal circumstances. The study performed analyses
on twelve green walls over a half-year period. While other
parameters did not significantly differ, noise levels were
significantly lower in those buildings. The study proposed
pre-installed green wall ideas on buildings for better acoustic
performance. So, green materials show significant perfor-
mance on noise reduction no matter where they are used,
including roofs, facades, or walls.

Facade

To gain a better understanding, facade and building acous-
tics are divided into three key categories: facade noise pre-
diction, on-site measurements, and mix methods.

As regards noise prediction, Zhou et al. [34] generated
noise maps for traffic noise in several types of buildings in
China, and found that buildings with high-rise and small
footprints have the highest noise levels in facades. Also, the
parking lot area showed a negative association with the noise
from building facades, while the floor space index shows
a positive relationship. The study findings highlight how
architectural form and traffic noise considerations affects
building fagades particularly in small buildings with novel
and effective urban planning methods. Using statistical analy-
sis, Qu and Kang [35] investigated the wind turbine noise
on building facades in the UK. They assessed how various
distances in the wind turbines better explaned the noise asso-
ciated with particular fagade conditions. The study demon-
strated that a quiet facade with various urban configurations,
i.e., building orientation, length, and shape might reduce
noise to about 13 dBA. Gonzalez et al. [36] assessed the
effects of street noise in building facades with the Bound-
ary Element Method (BEM), and distinguished the screen
effects of various heights of materials in parking spaces. The
study findings associated urban street patterns with building
traffic noise regarding noise levels on facades. In another
study, Sotiropoulou et al. [37] explored the interface between
high-rise buildings, road noise, and estimation technique in
Athens, Greece. To do this, they included the vertical aspects
of building facades as tools for creating noise mapping and
predictions. The vertical noise mapping prediction showed
2.2 dBA lower than the actual noise sampling, and therefore
the study concludes that this method might be useful for
measuring the noise effect of facades on high-rise buildings.
Finally, De Bort and Beckers [38] assessed the noise effects
on walls by using the ray tracing method for three scenarios.
The study found about 6 to 11 dB difference on various
facades and referred to understanding street and facade ratios
for noise levels. Eventually, the study results identified that
noise reflections are highly related to geometry and such
method may offer both auditory and visual representations.

Considering on-site measurements, Meza et al. [39]
experimented building acoustics insulation of facades in

Santiago, Chile. By using international ISO 140-5 stand-
ards, theyused several cases, including opening/closing
positions of windows as well as the type of glass and found
that insulation curtails the noise levels at about 2.4 dBA.
The study findings place emphasis on how building mate-
rials affect noise reduction. Fausti et al. [40] examined
shading equipment effects on indoor and outdoor acoustic
environments. To perform the study, the shading equipment
included some sound absorption textures and was attached
to building fagade. The material proved effective up to 20 m
adjacent to the building. The study demonstrated that attach-
ing additional materials to facade improves noise insulation
on buildings.

From a different geographical perspective, Cabrera et al.
[41] performed a cross-national study in the USA, Australia,
and Hong Kong and measured the effects of corner cube
materials on building facade acoustics. The authors used
more than four hundred materials within three study areas.
Having acoustic measurements of each site, the study found
that sound reflection is higher than geometric estimations.
The study findings made interesting points on how reflec-
tions on facades might prove useful in building acoustics.
Finally, Forssén et al. [42] examined 31 urban configura-
tions, including vegetation surfaces on various facades and
roofs. The study measured facade noise levels at L., and
L, ion parameters, where single-sided flats showed better
acoustic performance as well as U-shaped structures. Veg-
etation as expected proved to dramatically reduce the noise
levels on both facades and roofs.

Some studies conducted a mixed-methods approach on
the last category (facade and building acoustics). Akdag
et al. [43] evaluated 25 mass housing structures and their
facades within different road types. They both used simula-
tion and on-situ sound sampling techniques on linear type
blocks facades and reported the highest noise levels while
open spaces showing the lowest. The study proposed using
noise barriers in required and sensitive locations around
public housing and warned about the nexus between noise
barriers and building heightsSimilarly, Gramez et al. [44]
examined the multiplex social housing and acoustic perfor-
mance using on-site noise measurements in Algeria, and
identified the noise insulation on facades and proposed some
noise regulations in the specific case of Algeria where hous-
ing options do not provide suitable acoustic building envi-
ronments. The results represent facade and noise policies in
developing countries.

Calleri et al. [45] also conducted a mixed-method
approach to understanding the facade design of building
acoustics by creating simulation models with ODEON
software and the perception and preference of the indi-
viduals in Turin, Italy. Various absorption and reflection
circumstances, i.e., materials for objective and subjective
approaches were applied to facades. The study concluded
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that individual positioning for facade assessment affects
noise parameters and perceptions. Last but not least, Camara
et al. [46] studied the airport noise exposure on the sur-
rounding buildings by conducting an experiment on building
units in Mali, and measured the inhabitants’ perceptions in
them. The study found that opening outdoor, including win-
dows and doors, has significant impacts on noise along with
the noise insulation materials and techniques. So, perhaps
building construction should take advantage from the results
of the study.

Built Environment/Tranportation/Land Use

Most studies on building acoustics and urban form pertain to
built environment features. This category, in turn, involves
three key sub-categories: transportation and traffic, street
geometry, and others.

Transportation and Traffic

Micheli and Farne [47] analyzed the railway traffic noise
implications on community well-being where their pri-
mary purpose was to identify the trade-off value between
annoyance and cost of interaction. The authors conducted
a case study approach in Milan, Italy, by considering dif-
ferent parameters, i.e., building variables, rail traffic, and
the production cost of noise barriers. They showed that
having 15 to 25 dBA is ideal for community trade-offs and
innovative materials and approaches for noise mitigation
purposes are imperative for the railway sector. In another
study, Gozalo et al. [48] examined various streets in Spain
by including more than a hundred variables initially and
fifty for the entire study after performing multicollinearity
tests. Among them, traffic noise explained63% with eight
variables, and noise mapping showed no more than a two
dBA difference. The study included more than a hundred
urban-related variables and found more than fifty of those
associated with noise. Therefore, the results included the key
planning components.

Magrini and Lisot [49] examined the various traffic and
building-related attributes and whether they had impacts on
noise propagation or not. As such, the authors performed a
model for understanding building facade effects (absorp-
tion and green materials) as well as geometries (road factors,
building heights, balconies), and found that simpler build-
ing shapes and narrower road typologies tend to reduce noise
propagation. Similarly, Hupeng et al. [SOee] conducted a study
on street characteristics for noise implications a year later.
Having almost hundred fifty cases with thirteen parameters,
noise levels show reduction pattern with the cross-sectional
enclosure degree, plan enclosure degree of buildings, and
reduced vehicle road width.
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Margaritis and Kang [51] explored the association
between the progressive effects of green spaces on traffic
noise within the urban context, and used areas with 25 con-
figurations, 6 of which were examined in-depth. While they
found no difference within urban configurations, porosity
and green space showed greater effects on low noise levels.
The study also used statistical analysis for correlating green
space and traffic noise and found that higher land cover
areas covered with green space combinations include lower
noise levels. The findings underlined that green space evi-
dently reduces noise, but at different magnitudes and with
different green coverage.

Ryu et al. [52] performed a study to estimate the asso-
ciation between noise and transportation in South Korea
within a 250 m grid square. The study considered urban
form factors by performing statistical analyses, i.e., spa-
tial autoregression and ordinary least squares. Based on
this analysis, green space index, floor space index, traf-
fic speed, and density, as well as industrial building uses,
significantly affectnoise. Silva et al. [53] examined noise
levels in three primary school surroundings within nine
classes using a mixed-methods study approach. While they
surveyed students and teachers qualitatively, they explored
the role noise plays in ergonomics, and found that road and
schoolyard affect indoor and outdoor building acoustics.
While the school operates during active semester-times,
indoor noise rises compared to the outside. Regarding
outdoors, in particular, school facades are exposed to the
highest noise levels among other areas in the schoolyard.
So, the study calls a specific attention on both indoor and
outdoor noise sources in educational facilities. Bilasco
et al. [54] examined the noise levels affected by road and
other built environment factors. To do this, the authors cre-
ated GIS-based noise maps by considering several build-
ings, land use types, transportation factors, DEM, and
temporal changes and found that all those characteristics
impact noise levels. The results sought to contribute to
local authorities and policy makers to tap into benefits of
GIS-oriented tools in the decision making proces. Yu and
Kang [55] assessed the reduced elevated roads and various
urban form parameters on noise barriers for road and build-
ing acoustics. Examining six urban form parameters and
applying noise maps for sixty sites, they suggested to keep
the road 1 km distance and 20 raising the road height as
the most successful approach for lowering the noise level.
Regarding noise barriers, 600 m seems ideal for both sides
of the road in a parallel configuration. So, based on the
study, the landscape-related factors have the highest impact
on noise levels for urban forms. Guo et al. [56] examined
the road traffic noise by considering building and street
characteristics in Hong Kong. Having road noise database
in high-rise city-based, the study examined the effects
of such variables on noise, and modeled more than eight
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thousand buildings with noise exposure information using
CadNaA software. Findings showed 3 out of 4 buildings
exposed to high noise levels. The study results show that all
types of roads as well as other urban form indicators affect
noise levels and public health aspects should be consid-
ered regarding noise mitigation. Park et al. [57] assessed
the road-traffic noise and urban form features, including
ground space index, floor space index, traffic density, and
street length in 125 square shape grids in South Korea, and
offered some fundamental noise-related policy approaches
for urban design and urban planning, such as redevelop-
ment of dense communities. Wang et al. [58] simulated
traffic noise by combining the geometry of both indoor
and outdoor attributes on noise levels. After running vari-
ous models, the study found that indoor and outdoor have
impacted at about 1.50 dB. Furthermore, positioning the
building, i.e., front portions include the highest and the
taller the building means the higher noise levels, and
finally, bedrooms are exposed to higher noise levels [58].

Irrespective of any differences reported, more recently,
Yildirim and Arefi [59] examined the sound levels around
transit-oriented developments (TODs) and non-TODs, by
performing hierarchical linear modeling. They found that
TODs generate nine dBA higher noise levels as TOD fea-
tures, including mixed-use land as well as dense building
and transportation attributes. Ascigil-Dincer and Demirkale
[60] created a local model for noise indicators with noise
mapping in Istanbul, Turkey. To do this, they included vari-
ous key characteristics, i.e., traffic data, sociodemograph-
ics, built environment, topography etc., and established a
road-related traffic estimation model for local officials. Li
and Xie [61] assessed the road traffic noise levels within
hilly cities to understand the impacts of topography, pop-
ulation, and compact urban configurations in Chongqing.
After examining three sets of housing types, they found that
daytime and nighttime noise did not differ while roadside
or non-roadside differs for noise levels. Moreover, the rec-
tangle shape of buildings includes lower noise levels while
the slope has positive association with the noise levels. Kim
et al. [62] performed road-related noise maps to understand
urban form factors that do not include urbanized buildings
and road structures. Instead, the study aimed to observe a
quiet city environment by using artificial neural network
and ordinary least squares methods. As many other studies
identified, the study found that road characteristics, includ-
ing traffic volume and road density, have greater impacts on
noise levels. Also, the statistical methods show under and
over estimation compared to noise maps.

Street Geometry

Hong and Jeon [63ee] assessed the soundscapes and urban
morphological patterns in Seoul, Korea, by using three

different sound sampling times, and used building, street,
open space, and water elements as essential morphological
attributes. They found significant correlations between those
attributes and soundscapes. Furthermore, the research model
explained how pleasantness while eventfulness had slight
forecasting roles. From a more diverse variable investiga-
tion, Yu and Kang [64] assessed the urban form parameters
on noise levels in China by considering six factors —complete
aspect ratio (CAR), building shape, patch coverage, street
length, street intersection, street shapes. Having sixty study
areas indicated that building and street geometries are the
most significant factors in traffic noise levels.

Other Studies

Lee et al. [65] explored the noise exposure of construc-
tion sites adjacent to subway routes, and using a sound
level meter and acoustic camera, conducted multiple noise
measurements. Both dBA and dBC measurements showed
excessive noise levels, and vibration even resulted in more
challenging circumstances. Silva et al. [66] analyzed Braga,
Portugal's nexus between urban form geometry and noise
implications. The key factor of urban geometry was the sky
view factor of buildings and its effects on noise levels. The
study found that lower sky view includes higher noise lev-
els in urban areas. Finally, Alvares-Sanches et al. [67] col-
lected over 50,000 sound samples within more than 700 km
of Southampton to estimate the urban form-based sound
maps of the entire city using machine-learning techniques.
The study results showed that A-weighted sound mapping
is more appropriate for building and health and machine
learning is useful for city-related data collection.

Discussion and Conclusions
Indoor-Related Building Acoustics

Indoor-related studies that use on-site measurements are
mainly conducted in education facilities, residential, and
historic buildings. Also, studies on simulation context tried
out some state-of-the-art applications and VR technologies.
Theory-based studies sought to contribute to individuals'
behavior, grounded theory, post-occupancy evaluation
framework, and individuals' well-being. Indoor-related
building acoustic studies, however, examined the follow-
ing variables: wood floor, length, height, surface, floor
thickness, and density. On the other hand, only two studies
performed a mixed-method approach by getting residential
apartments' and historic building's indoor acoustic prefer-
ences [5, 10].
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Outdoor-Related Building Acoustics

Simulating outdoor-related acoustic studies, like the indoor
ones used the VR technology as well as noise mapping tech-
niques with similar mean errors of almost two dBA. As a
different pattern from indoor-related studies, the outdoor
studies simulated construction noise with more than 30%
better modeling. Theory-related studies showed a different
pattern than indoor-related studies by contributing sustain-
ability, smart city, urban planning context of built environ-
ment studies, and policy and regulation aspects of noise as
an adverse implication.

Building-related features in outdoor studies showed a
combination of findings while some found building density
raising the noise level [17e, 21], some others indicated that
the number of buildings, floor space index include nega-
tive correlations with noise level [18]. On the other hand,
building geometry shows more consensus on findings,
where complex building geometry, height, length, number
of floors, and commercial type of building include positive
correlations with noise levels. As for the "green" material
use on building surface or wall, green roofs and walls absorb
noise levels up to 5 dBA.

Noise prediction models for the fagade effects showed
up to 13 dBA difference by including urban morphologies.
Using different techniques, i.e., BEM, ray tracing, and noise
mapping, within several study locations, including China,
the U.K., and Greece, complex building geometry as well as
building heights have positive interaction with noise levels
on the facade, balcony, vegetation, special insulation materi-
als include negative interaction noise levels. Mixed-methods
research relied on residents' preference for facade effects and
showed that absorption and reverberation effects are affected
by participants' positioning, and window and door impact
individuals' understanding.

The built environment, particularly transport-related char-
acteristics, seems to be the driving force behind the associa-
tion between building acoustics and urban form, and as sev-
eral studies worldwide showed, road traffic-related factors
highly affect noise levels.

While road length, width, road geometry, sky view coef-
ficient, building density, traffic density, reduced speed limit,
mixed-land use, and hilly topography and slope show posi-
tive association with the noise levels in buildings; simpler
shape (rectangle) buildings, narrow road, C-type formation,
green space, water soundscapes, and single land use include
negative association with the noise levels.

Urban form is a complex phenomenon with various fac-
tors that also affect noise. This paper provides a systematic
review of the nexus between building acoustics and urban
form. Distinguishing between two general indoor and out-
door categories for building acoustics are the key factors
and related studies generally performed quantitative analyses
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worldwide by either running various computer-based appli-
cations or in-situ measurements. Very few studies included
the qualitative aspects of the urban form. Perhaps, future
studies may concentrate on individuals’ perception as they
reside in those urban and urban-related dynamics.

This study presented the key findings based on other
scholars' contributions, demonstrating that building shape,
density, geometry, fagade, road, and street morphologies,
such as width, length, geometry, as well as traffic factors,
i.e., density, speed limit, land use type, green space, water
feature, etc. all have implications on noise levels. On the
other hand, changing building structure science trends, tech-
nological improvements, and urban form features may also
alter such patterns.

Since authors have used various techniques in these
reviewed studies, they may show different accuracy details,
which fall outside the scope of this paper. Nonetheless, a
consistent pattern of studies emerges in building acoustics
and urban form interface. Perhaps, innovative and state-
of-the-art materials and techniques may delve deeper into
building acoustic context with more studies in the pipeline
for future reference. Another takeaway from the study is that
building acoustics seem excluded from a multi-disciplinary
context. So, further studies may include various disciplines
for better understanding and vast implications on individuals
and societies.
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