

[image: ]ORIGINAL ARTICLE – SCIENTIFIC SECTION
RESPONSIBLE    EDI-
TORS:	Lisiane Ilha Librelotto, Dr. Eng., Paulo Cesar Machado Ferroli, Dr. Eng.



Proposal of weighting indices for acoustic comfort in Brazil
Proposta de índices de ponderação para o conforto acústico no Brasil Propuesta de índices de ponderación del confort acústico en Brasil


Willian Magalhães de Lourenço1 [image: ] Gabriela Meller2 [image: ]
Viviane Suzey Gomes de Melo3 [image: ] Gihad Mohamad4 [image: ]
1 Grupo de Pesquisa ACTA – Acústica, Conforto e Tecnologia em Arquitetura, Universidade Federal de Santa Maria, Departamento de Arquitetura e Urbanismo, Programa de Pós-Graduação em Engenharia Civil e Ambiental, Universidade Fe- deral de Santa Maria, Santa Maria, Rio Grande do Sul, Brasil
2 Grupo de Pesquisa Acústica, Universidade Federal de Pelotas, Centro de Enge- nharias, Universidade Federal de Pelotas, Pelotas, Rio Grande do Sul, Brasil
3 Grupo de Pesquisa Acústica, Universidade Federal de Santa Maria, Departa-
mento de Estruturas e Construção Civil, Programa de Pós-graduação em Enge- nharia Civil e Ambiental, Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brasil
4 Grupo de Pesquisa GPeDeSC – Desempenho do Sistema Construtivo, Univer-
sidade Federal de Santa Maria, Departamento de Estruturas e Construção Civil, Programa de Pós-graduação em Engenharia Civil e Ambiental, Universidade Fe- deral de Santa Maria, Santa Maria, Rio Grande do Sul, Brasil
Correspondence to: creativearquiteto@gmail.com

SUBMITTED ON 21/11/2025 ACCEPTED ON 18/01/2026 PUBLISHED ON 27/01/2026

PID
10.29183/2447-
3073.MIX2025.v11.n4.60-92






Standard License Text
This work is licensed under a Creative Commons At- tribution 4.0 International License.
Copyright Statement Authors retain the copyright and grant the journal the right	of		first	publication, with		the		work		simulta- neously	licensed	under	a Creative Commons Attribu- tion license, which permits




Abstract: The relationship between comfort and acoustic performance is critical issue for advancing research in building design. This study proposes weighting indices for acoustic comfort in Brazil. The methodology comprised five stages: test–retest procedures to assess reliability, nationwide questionnaire surveys, sta- tistical analyses, in situ validation, and the development of weighting factors. A mixed-method approach was adopted, with a 95% confidence level and a 3% mar- gin of error. Based on IBGE data for a population of 215 million inhabitants, a minimum sample size of 1,068 respondents was required; in total, 1,417 Brazi- lians from all states participated. To validate the results, the questionnaire was also applied in a multifamily residential building. Weighting factors were esta- blished for impact noise, airborne noise, building service equipment, indoor and outdoor noise, noise from common areas, commercial activities, and individual noise sensitivity. Airborne noise (19.92%) and impact noise (19.86%) were iden- tified as the most disturbing sources, followed by outdoor noise. These findings provide preliminary indices for quantifying acoustic discomfort in everyday en- vironments.
Keywords: Acoustic comfort; acoustic performance; weighting indices.

Resumo: A relação entre conforto e desempenho acústico é um tema crítico para o avanço das pesquisas em projeto de edificações. Este estudo propõe índices de ponderação para o conforto acústico no Brasil. A metodologia envolveu cinco etapas: teste-reteste para avaliação da confiabilidade, aplicação de questionários em escala nacional, análises estatísticas, validação in situ e desenvolvimento dos fatores de ponderação. O levantamento adotou uma abordagem quali-quantitativa com 95% de confiança e 3% de margem de erro. Com base em dados do IBGE para uma população de 215 milhões de habitantes, a amostra mínima requerida foi de 1.068 respondentes; participaram 1.417 brasileiros de todos os estados. Para validação dos resultados, o questionário também foi aplicado em um edi- fício multifamiliar. Foram definidos pesos para ruído de impacto, ruído aéreo, ruídos de equipamentos prediais, ruídos internos e externos, áreas comuns, ati- vidades comerciais e sensibilidade ao ruído. Os mais incômodos foram o ruído aéreo (19,92%) e o ruído de impacto (19,86%), seguidos pelo ruído externo. Os resultados fornecem índices preliminares para quantificar o desconforto acústico em ambientes cotidianos.
Palavras-chave: Conforto acústico; desempenho acústico; índices de pondera- ção.
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Resumen: La relación entre confort y desempeño acústico es un tema crítico para el avance de la investigación en el diseño de edificaciones. Este estudio pro- pone índices de ponderación para el confort acústico en Brasil. La metodología comprendió cinco etapas: prueba-reprueba para la evaluación de la confiabilidad, aplicación de cuestionarios a escala nacional, análisis estadísticos, validación in situ y desarrollo de factores de ponderación. La encuesta adoptó un enfoque cualitativo-cuantitativo, con un nivel de confianza del 95% y un margen de error del 3%.Con base en datos del IBGE para una población de 215 millones de habi- tantes, se requirió una muestra mínima de 1.068 encuestados; participaron 1.417 brasileños de todos los estados. Para la validación de los resultados, el cuestiona- rio también se aplicó en un edificio multifamiliar. Se establecieron ponderaciones para ruido de impacto, ruido aéreo, ruido de equipos del edificio, ruidos internos y externos, áreas comunes, actividades comerciales y sensibilidad al ruido. Los más molestos fueron el ruido aéreo (19,92%) y el ruido de impacto (19,86%), seguidos por el ruido externo. Los hallazgos proporcionan índices preliminares para cuantificar el disconfort acústico en entornos cotidianos.
Palabras clave: Confort acústico; desempeño acústico; índices de ponderación.
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1 [bookmark: Introduction]INTRODUCTION


Acoustic comfort refers to the beneficial perception of the relationship between users and the occupied space, influenced by factors such as speech intelligibility, clarity, reverberation time, and sound insulation. Acoustic performance, in turn, describes the capacity of building systems to provide adequate sound insulation and contribute to user comfort (Cremer, Heckel, & Petersson, 2013; Patrício, 2010; Silva, Patrício, & Aelenei, 2014). In many countries, acoustic classification systems are well established and correlate acoustic comfort with building performance (Patrício, 2013).
Advances in materials and construction techniques directly affect the acoustic behavior (Lourenço et al., 2019; Meller et al., 2019; Santos et al., 2018). Urban densification has intensified issues related to sound insulation between housing units, particularly in multifamily buildings (Park & Lee, 2017; Park, Lee, & Jeong, 2018). Noise exposure is considered a major public health concern, as it is associated with sleep disturbances, stress, and hearing loss (WHO, 2011), reinforcing the importance of acoustic performance for quality of life (Park et al., 2016).
In Brazil, the standard NBR 15.575 (ABNT, 2021a–2021e) defines acoustic performance requirements for building systems but does not explicitly incorporate user perception. International acoustic classification methods (DS, 2018; IST, 2011; NEN, 2003; NS, 2012; Patrício, 2013; Qualitel, 2008; SFS, 2004; SS, 2015;
STR, 2003; UNI, 2010; VDI, 2007) highlight the need to assign weighting factors aligned with regional and cultural contexts.This is essential, as acoustic comfort perception depends on diverse sound stimuli and con- textual factors (Silva, 2014; Silva, Patrício, & Aelenei, 2014).
In the social sciences, surveys are widely used to understand behaviors and opinions (Günther, 2004), with questionnaires serving as standardized instruments that help reduce variability in data collection (Yaremko et al., 2017; Günther, 2004). Closed-ended questions facilitate clearer representation of respondents’ opinions (Sommer & Sommer, 2001), while item clarity is fundamental to ensure data reliability (Bortz & Döring, 1995). Additionally, the number of response categories can influence neutrality or polarization in answers (Günther, 2004; Malhotra, 2006), and labeling strategies affect how respondents use the extremes of scales (Baruffi & Tozetto, 2014; Malhotra, 2006).
In acoustic engineering, subjective assessment methods are commonly applied to analyze the psycho- logical aspects of sound perception (Fastl, 2006; Otto et al., 1999), allowing more accurate interpretation of human responses (Leite & Paul, 2006). Among these methods, the semantic differential technique employs bipolar scales to quantify attitudes toward specific concepts (Osgood, Suci, & Tannenbaum, 1957; Andrade et al., 2009; Baruffi & Tozetto, 2014).
Given that different building elements provide unequal levels of acoustic insulation, their influence on acoustic comfort also varies. Therefore, this research aims to develop acoustic comfort indices for Brazil that reflect how the population perceives noise disturbance and the relative importance of sound insulation in residential buildings.
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2 [bookmark: Methodology]METHODOLOGY


This study is applied, cross-sectional, and employs a mixed qualitative–quantitative approach, with de- scriptive and statistical data analysis. The probabilistic sample was calculated using Equation 1, as established by Santos (2017). Considering the Brazilian population of 215 million inhabitants, according to IBGE (2023), a confidence level of 95% and a margin of error of ±3% were adopted.·	·	−






Where:





n = required sample size;
N = population size;
[bookmark: _bookmark0]
N  Z2  p(1	p)

n = (N − 1) · e2 + Z2 · p(1 − p).	(1)

Z = corresponding to the desired confidence level;
e = maximum admissible margin of error; and
p = expected proportion in the population.
The minimum required sample size was 1,068 participants, meeting the desired confidence level and margin of error.
Data collection included personal characteristics (number of residents per household, age group, and state of residence), questions related to noise perception in buildings, the relationship with other areas of the residence, and the association between sound and activities such as work, rest, and leisure.
The research methodology consisted of the following stages: (i) approval by the Human Research Ethics Committee (CEP); (ii) application of the test–retest method to determine reliability; (iii) administration of the questionnaire at the national level; (iv) statistical analysis; (v) in situ questionnaire validation; and
(vi) development of weighting factors.


2.1 [bookmark: Approval_by_the_Human_Research_Ethics_Co]Approval by the Human Research Ethics Committee


This study was approved by the Human Research Ethics Committee (CEP), registered under CAAE number 60847222.2.0000.5346, with final approval number 5.572.411.

2.2 [bookmark: Test–Retest_Method_for_Instrument_Reliab]Test–Retest Method for Instrument Reliability

[bookmark: _GoBack]
The reliability of the proposed questionnaire was evaluated using the test–retest method, in which “re- spondents evaluate the same set of items twice under equivalent conditions” (Malhotra, 2006; Vieira, 2009). The analysis included adults aged 18 or older, and the questionnaire was administered online.


Respondents completed the same instrument again after a time interval under identical conditions. Dur- ing this period, “no factors should alter the variable under study, and respondents must forget the details of the first test” (Vieira, 2009). When responses remain consistent, the results reflect true perceptions rather than measurement error (Cozby, 2003).
The test–retest involved reapplying the questionnaire after seven days to a sample of 50 respondents, an acceptable number for this method (Santos, 2018). The instrument included items on respondent identification and acoustic discomfort in buildings and was adapted from a Portuguese model. Adaptations were limited to replacing regionally specific Portuguese terms with Brazilian Portuguese equivalents, without altering its structure or logical sequence (Silva, 2014; Silva, Patrício, & Aelenei, 2014).
The first application occurred on August 15, 2022, via Google Forms, with all participants providing informed consent and signing confidentiality agreements. As part of the calibration process, the same 50 re- spondents were invited to complete the retest on August 22, 2022, under identical conditions.
From these applications, three key calibration parameters were calculated: Cronbach’s alpha, the Intra- class Correlation Coefficient (ICC), and Cohen’s kappa coefficient, all analyzed using SPSS. Table 1 presents Cronbach’s alpha values for both test and retest applications, along with their reliability classifications (Landis & Koch, 1977).
[bookmark: _bookmark1]Table 1 – Cronbach’s alpha in test-retest applications

	Questionnaire
	Cronbach’s alpha

	Test (08/15/2022)
	0.945

	Retest (08/23/2022)
	0.962

	Cronbach’s alpha classification

	Small
	0.00 – 0.21

	Fair
	0.21 – 0.40

	Moderate
	0.41 – 0.60

	Substantial
	0.61 – 0.80

	Almost perfect
	0.81 – 1.00


Source: Adaptated from Landis and Koch (1977).

The intraclass correlation coefficient (ICC) is a statistical tool used to measure the correlation between samples of evaluations made by two or more raters when a quantitative variable is involved. “The ICC is appropriate for assessing the homogeneity of two or more measurements and is interpreted as the proportion of total variability attributable to the object being measured” (Shrout & Fleiss, 1979). Table 2 presents the ICC values for each questionnaire item, along with their respective correlation classifications (Shrout & Fleiss, 1979).


[bookmark: _bookmark2]Table 2 – Intraclass Correlation Coefficient in Test and Retest Applications

	Question
	ICC

	On a scale from 0 to 10, indicate your level of sensitivity to noise – where 0 represents not sensitive at all, and 10 represents extremely sensitive (very high discomfort).
	0.720

	Based on your previous answers, indicate (by marking an X): the number on a scale from 0 to 10 that represents your level of discomfort to the following noises: external noise such as cars, motorcycles, airplanes, industry.
	0.775

	Noise from neighbors such as loud music, television, people talking, and pets.
	0.710

	Noise from commercial spaces within the same building as your dwelling.
	0.844

	Noise from neighbors such as moving furniture, objects falling, people walking.
	0.840

	Noise from building equipment such as elevators, plumbing, garage doors.
	0.801

	Noise in common areas such as people talking in stairways and corridors.
	0.799

	Noise inside your home between living room and bedrooms, such as television, music, conversa- tions.
	0.650

	Based on your previous answers, indicate (by marking an X): the number on a scale from 0 to 10 that represents the importance you attribute to the following types of sound insulation:
	0.891

	Insulation from external noise such as cars, motorcycles, airplanes, industry.
	0.839

	Insulation from neighbor noise such as loud music, television, people talking, and pets.
	0.650

	Insulation from noise from commercial spaces within the same building as your dwelling.
	0.808

	Insulation from neighbor noise such as moving furniture, objects falling, people walking.
	0.709

	Insulation from building equipment such as elevators, plumbing, garage doors.
	0.835

	Insulation from noise in common areas such as people talking in stairways and corridors.
	0.835

	Insulation from noise inside your home between living room and bedrooms, such as television, music, conversations.
	0.720

	Overall ICC
	0.778

	ICC classification

	Poor
	0.00 – 0.40

	Fair
	0.41 – 0.60

	Good
	0.61 – 0.75

	Excellent
	0.75 – 1.00


Source: prepared by authors.

Cohen’s Kappa Coefficient is used to describe the level of agreement between two or more assess- ments—either intra-examiner or inter-examiner—when the evaluation involves nominal or ordinal variables (Cohen, 1960). Table 3 presents the Kappa values obtained for qualitative questions, classified according to Cohen’s (1960) interpretation scale.


[bookmark: _bookmark3]Table 3 – Kappa Coefficient in Test and Retest Applications

	Question
	Kappa

	Do you agree to participate in this research?
	1.000

	What is your age?
	0.895

	In which state of Brazil do you live?
	0.862

	Do you live in a rural or urban area?
	1.000

	What type of dwelling do you live in?
	0.872

	Number of residents in the dwelling?
	0.819

	Age of the dwelling?
	0.760

	How many years have you lived in this dwelling?
	0.908

	Do you live next to a street/avenue/highway with heavy traffic?
	0.760

	Among the following noise options, indicate (by marking 1 or 2) the ones that bother you the most.
	0.810

	Compared to music, television, and people talking, the noise of footsteps or moving furniture is:
	0.565

	Among the following sound insulation options, indicate 1 or 2 that you consider the most important in a dwelling.
	0.810

	Overall Kappa
	0.838

	Kappa classification

	Very Low
	0.00 – 0.20

	Considerable
	0.21 – 0.40

	Moderate
	0.41 – 0.60

	Substantial
	0.61 – 0.80

	Excellent
	0.81 – 1.00


Source: prepared by authors.

Based on the calibration statistics for the questionnaire, Tables 1 to 3 confirm that the methodological tool is well-constructed and capable of accurately interpreting and extrapolating the results of a nationwide opinion survey.

2.3 [bookmark: Application_of_questionnaires_on_a_natio]Application of questionnaires on a national scale


After calibrating the questionnaire model to the Brazilian context, the instrument was applied na- tionwide. It was disseminated through social media platforms (Instagram and Facebook) and institutional e-mails—sent to federal universities in Brazil whose official websites provided public contact addresses. The aim was to reach the widest possible demographic diversity in terms of age, race, ethnicity, gender, and other characteristics.
Upon accessing the questionnaire, respondents were presented with the Informed Consent Form (TCLE) and the Confidentiality Agreement (TC), both approved by the Human Research Ethics Committee (CEP). In accordance with the Brazilian General Data Protection Law and CEP regulations, respondents were required


to read, accept, and sign both forms before proceeding to the survey questions. The questionnaire link, hosted on the Google Forms platform, ensured uniform application across the country. The instrument underwent no modifications after the calibration (test–retest) phase.
A total of 2,229 responses were collected from across Brazil. To validate the data and maintain relia- bility in the calculated indices, exclusion criteria were applied to remove responses that could compromise the analysis:
1. The most disturbing noises reported were compared with the discomfort level assigned to the same noise types in the subsequent question.
2. Responses assigning the exact same discomfort rating to all listed noise types were excluded.
3. Housing typologies were analyzed in relation to noise sources that do not occur in such dwellings. For example: (a.) Detached or semi-detached houses: noise from building equipment, noise from common- use areas, noise from commercial spaces.
Because the study aimed to develop weighted indices of acoustic comfort in Brazil, the sample was homogenized by applying a simple random sampling procedure to states with the highest representation. This technique selects a subset of individuals from a larger group, ensuring that every individual has the same probability of being chosen (Martins, 2018). After applying the exclusion criteria, five responses were removed. Consequently, the initial sample of 2,229 responses was reduced to 1,417. This adjustment was neces-
sary because 38% of the respondents were from the state of Rio Grande do Sul. The homogenization process ensured that each state represented 4% of the sample in the study. Figure 1 illustrates the distribution of re- sponses by state before the sample adjustment (a) and after the simple random sampling procedure (b).
[bookmark: _bookmark4]Figure 1 – Distribution of responses by state before and after sample adjustment
(a) Initial sample (up)	(b) Simple random sample (down)
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Source: prepared by authors.


2.4 [bookmark: In_situ_questionnaire_validation]In situ questionnaire validation


To verify the results obtained at the national level, the questionnaire was also administered in a local case study involving a mixed-use multifamily building (ground-floor commercial spaces with residential units above). The questionnaire remained identical to the online version; therefore, its validation is also presented in Tables 1 to 3. The survey was conducted in person, and 115 residents of the building were interviewed.

2.5 [bookmark: Development_of_Weighting_Indices_and_Cal]Development of Weighting Indices and Calculations


Since the dataset includes values corresponding to respondents’ answers, with certain values occurring more frequently than others, it was necessary to calculate weighted arithmetic means. The weighted arith- metic mean considers the frequency (weight) of each value—meaning that the more often a value appears, the greater its impact on the mean, thereby making these values more relevant (Feijoo, 2010; Lapponi, 2005). The weighted arithmetic mean is calculated using Equation 2 (Feijoo, 2010):

[bookmark: _bookmark5].ni=1

x¯ = .n

xi pi p


,	(2)

i=1  i
where xi represents the observed (assigned responses) value of each item, pi corresponds to the respective weight (frequency of responses), and n denotes the total number of observations.
Measures of dispersion—variance and standard deviation—were calculated using Equations 3 and 4. Variance indicates how far responses deviate from the mean value, while the standard deviation reflects the degree of error or variability in the dataset. Variance is calculated as (Feijoo, 2010):.



[bookmark: _bookmark6]s2 =


n i=1

(xi − x¯)2


,	(3)

n − 1
where: x1, x2, . . . , xn are the elements of the sample, and x¯ is the arithmetic mean of the elements.
The standard deviation was calculated according to Equation 4 (Feijó, 2010), where dp represents the standard deviation and var denotes the variance calculated previously.
[bookmark: _bookmark7]dp = √var.	(4)
The coefficients developed in this study include: noise sensitivity; external noise; airborne noise; com- mercial space noise; impact noise; building equipment noise; common area noise; and internal noise. These coefficients were derived by calculating the weighted arithmetic mean of responses (scale 0–10) for each de- scriptor. The mean values were then summed, and from this total, the relative weight (%) of each noise type was determined, indicating its proportional contribution.


This process allowed for the representation of the relative importance of each noise type compared to others, highlighting those perceived by the population as more or less disturbing. The same methodology was applied to develop weightings for the importance of different types of sound insulation. All calculations were performed using IBM SPSS Statistics, version 22.

3 [bookmark: RESULTS_AND_DISCUSSIONS]RESULTS AND DISCUSSIONS


First, we define the responses from Stage 1 of the questionnaire, which correspond to sociodemographic questions. The first question, “What is your name?”, was excluded from the results and discussion to preserve research confidentiality.
The analysis begins with Question 2, “What is your age?”. The responses are shown in Figure 2. In addition, the relative frequency (N/total responses, in %) and the absolute frequency of all sociodemographic answers are presented.
[bookmark: _bookmark8]Figure 2 – Age of respondents
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Respondents’ ages ranged from 18 to 75 years, with the most frequent responses being 25 and 26 years. Since the survey was conducted through digital platforms, older age groups were less represented in the sample. Question 3 investigated the respondents’ place of residence. For methodological reasons related to sample framing, these data are discussed in the Methods section. When asked “Do you live in a rural or urban area?”, the distribution of responses is shown in Figure 3. Question 5 addressed the type of housing, and the
results are presented in Figure 4.
The results indicate that the majority of respondents live in mid-rise apartments, which typically present the greatest diversity of noise sources to be investigated. Question 6 referred to the number of residents per household, as shown in Figure 5.
Most respondents (34.2%) reported living with two residents per household, although the responses ranged from 1 to 8 residents. The next question, “What is the age of your dwelling?”, is presented in Figure 6.
Question 7, “How many years have you lived in this dwelling?”, is summarized in Figure 7.


[bookmark: _bookmark9]Figure 3 – Residential area of respondents
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Source: prepared by authors.

[bookmark: _bookmark10]Figure 4 – Type of housing of respondents
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Figure 5 – Number of household residents
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The sociodemographic responses reveal that the sample encompasses a wide variety of family and housing conditions. Consequently, these results broadly influence the weighting indices, as they reflect the


diverse living arrangements found across the country.
The second stage of the questionnaire addressed noise annoyance. Respondents rated their noise sensi- tivity on a scale from 0 to 10, where 0 represented “not sensitive at all” and 10 indicated “extremely sensitive”. The results are illustrated in Figure 8.
[bookmark: _bookmark12]Figure 6 – Age of dwellings
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[bookmark: _bookmark13]Figure 7 – Length of residence in dwellings
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The data show that most respondents reported noise sensitivity levels above 6. This suggests that noise pollution and poor acoustic performance are likely to influence everyday perceptions of annoyance in Brazil. As shown in Figure 8, among 1,417 respondents, 20% reported a sensitivity level of 8. This finding indicates a relatively high sensitivity to noise within the Brazilian sample. The average sensitivity score was 6.32.
Table 4 details the relative and absolute frequencies, as well as the mean, variance, standard deviation, and 95% confidence interval of the responses.
Question 10 investigated the proximity of respondents’ dwellings to major traffic roads. In this context, heavy traffic routes tend to increase residents’ sensitivity to environmental noise, resulting in greater annoyance. Figure 9(a) presents the responses regarding traffic exposure, while Figure 9(b) compares the mean sensitivity


scores between households located near (left bar) and away (right bar) from major traffic roads. The difference reached 1.6 points higher on the annoyance scale for respondents living in close proximity to traffic.
[bookmark: _bookmark14]Figure 8 – Noise sensitivity of the Brazilian sample
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[bookmark: _bookmark15]Table 4 – Noise sensitivity responses

	Response
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	N/A

	Relative frequency (%)
	1.5
	1.4
	8.0
	6.7
	5.7
	9.0
	11.4
	18.5
	20.0
	8.2
	9.6
	-

	Absolute frequency
	21
	20
	114
	95
	81
	127
	161
	262
	284
	116
	136
	-




Source: prepared by authors.Mean
6.32
Variance
6.25
Standard
deviation
2.50
Confidence
Interval 95%

6.19 – 6.45




[bookmark: _bookmark16]Figure 9 – Traffic routes tend to increase residents’ sensitivity to environmental noise
(a) Regarding traffic exposure	(b) compares the mean sensitivity scores
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Furthermore, we examined the influence of length of residence on noise annoyance. Figure 10 shows the mean annoyance levels across different residence periods. The left bar represents time less than one year, the middle bar from one to five years, and the right bar from five to ten years.
[bookmark: _bookmark17]Figure 10 – Responses regarding noise annoyance according to length of residence
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Three scenarios can be observed. Respondents who had lived in their dwelling for less than one year reported intermediate annoyance, possibly because limited exposure reduced their perception of noise. Those residing for 1 to 5 years expressed the highest annoyance, likely because they had become more aware of noise pollution during this period. Finally, respondents with more than 5 years of residence reported the lowest annoyance levels, suggesting that long-term exposure may foster habituation to noise.
Question 11 addressed the types of noise that respondents considered most disturbing. Participants could select one or two noise sources from a predefined list. Figure 11 presents the overall distribution, and Table 5 details the relative and absolute frequencies.
[bookmark: _bookmark18]Figure 11 – Responses regarding noise annoyance according to length of residence
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[bookmark: _bookmark19]Table 5 – Detailed responses regarding the most disturbing types of noise


frequency (%) frequencyNoise type	Equipment	Neighbor
Inside
Common
Commercial
Neighbor
External

impact
dwelling
areas
space
airborne
noise
Relative	3.4
19.7
8.2
5.0
1.5
29.1
33.1
Absolute	85
500
201
128
37
739
840


Source: prepared by authors.

The results indicate that external noise sources-mainly from cars, motorcycles, and industries-were reported as the most disturbing (33.1%), followed by airborne noise from neighbors (29.1%) and impact noise (19.7%) (ABNT, 2021c).
Question 12 compared annoyance between two categories: impact noise (e.g., furniture dragging, foot- steps) and airborne noise (e.g., music, television, speech). Respondents could indicate whether impact noise was more, less, or equally disturbing compared to airborne noise. Figure 12 illustrates the distribution, and Table 6 provides detailed frequencies.
[bookmark: _bookmark20]Figure 12 – Responses comparing annoyance between impact and airborne noise
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[bookmark: _bookmark21]Table 6 – Detailed responses comparing impact and airborne noise


	Annoyance type
	Equally
disturbing
	More
disturbing
	Less
disturbing
	Not
applicable

	Relative frequency (%)
	21.3
	41.9
	27.6
	9.2

	Absolute frequency
	302
	594
	391
	130


Source: prepared by authors.

Based on Figure 11, the most disturbing noises were external sources and airborne noise between dwellings. However, when analyzing Figure 12, respondents emphasized that impact noise was perceived as more disturbing (41.9%) than airborne noise. This finding suggests that annoyance perception may depend not only on the type of noise but also on its frequency of occurrence and on individual sensitivity factors.


3.1 Coefficient for airborne noise insulation in facades


To assess weighting coefficients, respondents were first asked to indicate their degree of annoyance with external noise on a scale from 0 to 10, where 0 represented “no annoyance” and 10 “extreme annoyance”. An additional option, N/A (not applicable), was included for situations without external noise exposure, such as dwellings located in rural areas. The results are shown in Figure 13.
[bookmark: _bookmark22]Figure 13 – Responses regarding annoyance with external noise
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Results show that 4.4% of the sample reported no annoyance at all, while 12.8% reported extreme annoyance with external noise. The most frequent response was level 8 (16.3%), indicating intermediate-to- high annoyance. The mean annoyance value for the Brazilian sample was 5.66. Table 7 details the mean, variance, standard deviation, and 95% confidence interval.
[bookmark: _bookmark23]Table 7 – Detailed results of annoyance with external noise

Response	0	1	2	3	4	5	6	7	8	9	10	N/A

 Relative frequency (%)	4.4	8.1	8.7	7.9	5.9	9.7	8.4	10.2	16.3	6.6	12.8	1.1 
Absolute frequency	21	20	114	95	81	127	161	262	284	116	136	-
	Mean
	5.66
	Variance
	9.42
	Standard
deviation
	3.07
	Confidence
Interval 95%
	
	5.50 – 5.82


Source: prepared by authors.


Respondents were also asked about the importance of facade sound insulation against external noise. As shown in Figure 14, the highest proportion of participants considered it extremely important (score 10: 33.7%). This result corroborates the findings of Question 11 (Figure 11), which identified external noise as the most disturbing type of noise. The mean importance score was 7.24, with a variance of 8.54, a standard deviation of 2.92, and a 95% confidence interval ranging from 7.09 to 7.39.


[bookmark: _bookmark24]Figure 14 – Responses regarding the importance of facade sound insulation
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3.2 [bookmark: Coefficient_for_airborne_noise_insulatio]Coefficient for airborne noise insulation in internal partition walls


Respondents were then asked to rate their degree of annoyance (0–10) with noise originating from adjacent dwellings, such as loud music, television, conversations, or pets. The majority selected level 8 (19%). A total of 3.2% reported no annoyance (0), while 10.4% reported extreme annoyance (10). Figure 15 presents the results. The mean annoyance level for airborne noise between dwellings was 7.11. Table 8 provides detailed statistics, including mean, variance, standard deviation, and the 95% confidence interval.
[bookmark: _bookmark25]Figure 15 – Responses regarding annoyance with airborne noise between dwellings
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Regarding the importance of sound insulation for airborne noise between dwellings, most respondents rated it as extremely important (score 10: 28.9%), whereas 2.2% considered it not important at all (score 0). The mean importance value was 7.24, with a variance of 6.25, a standard deviation of 2.81, and a 95% confidence interval ranging from 7.10 to 7.39 (Figure 16).

[bookmark: _bookmark26]Table 8 – Detailed results of annoyance with airborne noise between dwellings Response	0	1	2	3	4	5	6	7	8	9	10	N/A
 Relative frequency (%	3.2	7.0	9.4	7.4	7.3	8.8	9.7	10.0	19.0	5.8	10.4	1.9 
Absolute frequency	46	99	133	105	104	125	138	142	296	82	147	27
	Mean
	7.11
	Variance
	8.57
	Standard
deviation
	4.09
	Confidence
Interval 95%
	
	6.89 – 7.32


Source: prepared by authors.

[bookmark: _bookmark27]Figure 16 – Responses regarding the importance of airborne noise insulation between dwellings
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3.3 [bookmark: Coefficient_for_noise_insulation_from_co]Coefficient for noise insulation from commercial spaces


The coefficient for noise insulation from commercial or service spaces addresses the annoyance per- ceived by residents in buildings with mixed uses. For this analysis, we considered only respondents living in the housing typology “apartment on the first floor with a commercial unit below” (n = 46).
This sample restriction was necessary because such typologies are directly affected by noise generated in commercial spaces. Including the entire sample would distort the assessment of this specific source of annoyance. Figure 17 shows the responses obtained in the questionnaire.
The mean annoyance value was 4.65. Table 9 details the distribution of responses.
When asked about the importance of sound insulation against noise from commercial spaces (Fig- ure 18), most respondents rated it as extremely important (score 10: 26.1%). Conversely, 6.5% of the sample attributed no importance at all (score 0). The mean importance score was 6.32, with a variance of 10.00, a standard deviation of 3.16, and a 95% confidence interval ranging from 5.38 to 7.26.


[bookmark: _bookmark28]Figure 17 – Responses regarding annoyance with noise from commercial spaces
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[bookmark: _bookmark29]Table 9 – Responses regarding annoyance with noise from commercial spaces

Response	0	1	2	3	4	5	6	7	8	9	10	N/A

 Relative frequency (%)	26.1	4.3	13.0	2.2	6.5	0.0	6.5	4.3	15.2	6.5	15.2	0.0 
Absolute frequency	12	2	6	1	3	0	3	2	7	3	7	0
	Mean
	4.65
	Variance
	15.21
	Standard
deviation
	3.90
	Confidence
Interval 95%
	
	3.49 – 5.81


Source: prepared by authors.

[bookmark: _bookmark30]Figure 18 – Responses regarding the importance of noise insulation from commercial spaces
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3.4 [bookmark: Coefficient_for_impact_noise_insulation_]Coefficient for impact noise insulation in floor systems


The coefficient for impact noise insulation in floor systems, between dwellings, represents the third most reported source of annoyance in the Brazilian sample. Figure 19 shows the distribution of annoyance ratings (0–10), while Table 10 provides detailed results.


[bookmark: _bookmark31]Figure 19 – Responses regarding annoyance with impact noise between dwellings
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[bookmark: _bookmark32]Table 10 – Detailed results of annoyance with impact noise between dwellings

Response	0	1	2	3	4	5	6	7	8	9	10	N/A

 Relative frequency (%)	8.7	7.2	8.5	6.1	5.9	8.0	9.2	9.4	12.2	5.0	11.5	8.3 
Absolute frequency	123	102	120	86	83	114	131	133	173	71	163	118
	Mean
	7.09
	Variance
	10.42
	Standard
deviation
	4.09
	Confidence
Interval 95%
	
	6.87 – 7.30


Source: prepared by authors.


Most respondents (12.2%) reported annoyance level 8. The lowest (score 0: 8.7%) contrasted with the highest (score 10: 11.5%), both of which represent significant proportions of the responses. The overall mean annoyance value was 7.09.
Figure 20 presents the importance attributed to impact noise insulation. Most respondents selected level 10 (25.3%). The mean importance score was 6.78, with a variance of 9.90, a standard deviation of 3.14, and a 95% confidence interval ranging from 6.61 to 6.95.
[bookmark: _bookmark33]Figure 20 – Responses regarding the importance of impact noise insulation between dwellings
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3.5 [bookmark: Coefficient_for_equipment_noise_insulati]Coefficient for equipment noise insulation


For the calculation of the coefficient related to building equipment noise, only respondents living in detached houses were considered. The valid sample comprised 931 responses, as shown in Figure 21.
Most respondents reported no annoyance (score 0; 22.1%), followed by "not applicable" responses (11.9%). The mean annoyance value was 3.41. Table 11 summarizes the results.
[bookmark: _bookmark34]Figure 21 – Responses regarding annoyance with building equipment noise
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[bookmark: _bookmark35]Table 11 – Detailed results of annoyance with building equipment noise


	Response
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	N/A

	Relative frequency (%)
	22.1
	9.8
	9.2
	6.3
	8.7
	8.1
	7.2
	5.8
	5.3
	3.4
	2.1
	11.9

	Absolute frequency
	206
	91
	86
	59
	81
	75
	67
	54
	49
	32
	20
	111

	Mean	3.41	Variance	8.99	Standard	3.0	Confidence	3.21 – 3.62
deviation	Interval 95%


Source: prepared by authors.


Regarding the importance attributed to insulation against equipment noise, most respondents assigned ratings of 8 (16.3%) or 10 (15.9%). The mean importance score was 6.16, with a variance of 9.70, a standard deviation of 3.11, and a 95% confidence interval between 5.95 and 6.37 (Figure 22).

3.6 [bookmark: Coefficient_for_noise_insulation_in_comm]Coefficient for noise insulation in common-use areas


For this coefficient, respondents living in detached houses were excluded. Figure 23 presents the re- sponses regarding annoyance caused by noise from common-use areas in residential buildings.
The most frequent response was “no annoyance at all” (14.1%), followed by annoyance level 1 (12.6%).
The mean annoyance value was 4.06. Detailed results are presented in Table 12.


[bookmark: _bookmark36]Figure 22 – Responses regarding the importance of insulation against building equipment noise
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[bookmark: _bookmark37]Figure 23 – Responses regarding annoyance with noise from common-use areas
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[bookmark: _bookmark38]Table 12 – Detailed results of annoyance with noise from common-use areas

	Response
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	N/A

	Relative frequency (%)
	14.1
	12.6
	11.0
	8.5
	8.3
	10.3
	5.9
	8.7
	9.2
	5.6
	2.8
	11.9

	Absolute frequency
	131
	117
	102
	79
	77
	96
	55
	81
	86
	52
	26
	29

	Mean	4.06	Variance	9.20	Standard	3.03	Confidence	3.86 – 4.25
deviation	Interval 95%


Source: prepared by authors.


Figure 24 illustrates the importance attributed by respondents to insulation against noise from common- use areas. The mean importance score was 6.35, with a variance 8.32, a standard deviation of 2.88, and a 95% confidence interval ranging from 6.16 to 6.54. The most frequent rating was level 8 (18.4%).


[bookmark: _bookmark39]Figure 24 – Responses regarding the importance of insulation against noise from common-use areas
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3.7 [bookmark: Coefficient_for_indoor_airborne_noise_in]Coefficient for indoor airborne noise insulation within dwellings


For this coefficient, no sample restrictions were applied. Indoor airborne noise insulation refers to the performance of internal partition systems. Figure 25 presents the responses obtained.The most frequent response corresponded to no annoyance (score 0; 18.0%). The mean annoyance value was 3.72. Table 13 provides detailed results.
[bookmark: _bookmark40]Figure 25 – Responses regarding annoyance with indoor airborne noise in dwellings
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[bookmark: _bookmark41]Table 13 – Detailed results of annoyance with indoor airborne noise

	Score
	0
	1
	2
	3
	4
	5
	6
	7	8	9
	10
	N/A

	Relative frequency (%)
	18.0
	11.3
	12.8
	9.4
	8.5
	8.5
	6.1
	6.8	6.8	3.8
	4.4
	3.6

	Absolute frequency
	255
	160
	181
	133
	120
	121
	86
	96	97	54
	63
	51

	Mean	3.72	Variance	9.35	Standard	3.05	Confidence	3.56 – 3.89
deviation	Interval 95%


Source: prepared by authors.


Regarding the importance of insulation against indoor airborne noise, Figure 26 shows the responses. The mean importance score was 5.75, with a variance of 9.87, a standard deviation of 3.14, and a 95% confi- dence interval from 5.59 to 5.92. The most frequent ratings were 8 (14.5%) and 10 (14.4%).
[bookmark: _bookmark42]Figure 26 – Responses regarding the importance of insulation against indoor airborne noise
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3.8 [bookmark: In_situ_validation]In situ validation


After completing the statistical analyses based on the national sample, the questionnaire was applied to a controlled sample consisting of a mixed-use building, with commercial use on the ground floor and residential use on the upper floors.
Mean values of annoyance and perceived importance of insulation were analyzed for all previously assessed coefficients. This case study allowed for evaluating whether responses obtained under real conditions were consistent with those from the national survey. Figure 27 compares mean annoyance values for each coefficient. The local sample comprised 115 respondents.
Percentage differences between national and local results were calculated for annoyance. These differ- ences are presented in Table 14.
[bookmark: _bookmark43]Table 14 – Detailed results of annoyance responses in both survey applications

	Noise sensitivity
	External noise
	Airborne noise
	Commercial
space noise
	Impact noise
	Equipment noise
	Common
area noise
	Indoor noise

	Percentage
difference	−2.22%
	−1.41%
	−1.69%
	−2.37%
	−0.42%
	−2.05%
	−1.97%
	−2.69%


Source: prepared by authors.


The percentage differences in mean annoyance values ranged from −0.42% to −2.69%, indicating strong consistency between macro-scale (national) and micro-scale (local) findings.


[bookmark: _bookmark44]Figure 27 – Comparative chart between national and regional survey for annoyance coefficients
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Figure 28 presents the comparison of mean importance values for insulation, while Table 15 reports the corresponding percentage differences. These differences were even smaller than those observed for annoyance, ranging from 0.47% to 1.66%.
[bookmark: _bookmark45]Table 15 – Detailed results of annoyance responses in both survey applications






Percentage

External noise

Airborne noise

Commercial
space noise

Impact noise

Equipment noise

Common
area noise

Indoor noise

difference	−1.66%	−1.52%	−1.27%	−1.18%	−1.62%	−0.47%	−0.87%
Source: prepared by authors.


[bookmark: _bookmark46]Figure 28 – Comparative chart between national and regional survey for insulation importance coeffi-
cients
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3.9 [bookmark: Synthesis_of_coefficients]Synthesis of coefficients


Table 16 presents a synthesis of questionnaire results, including mean values, 95% confidence intervals, and the relative weights (%) assigned to each coefficient.
[bookmark: _bookmark47]Table 16 – Determination of coefficients in mean values and their relative weight

Annoyance	Importance of insulation
	
	Mean
Value
	95%
IC
	Relative
Weight (%)
	Mean
Value
	95%
IC
	Relative
Weight (%)

	Noise sensitivity
	6.32
	6.19 – 6.45
	–
	–
	–
	–

	External noise
	5.66
	5.50 – 5.82
	15.85
	7.24
	7.09 – 7.39
	15.79

	Airborne noise
	7.11
	6.89 – 7.32
	19.92
	7.24
	7.10 – 7.39
	15.79

	Commercial s. noise
	4.65
	3.49 – 5.81
	13.03
	6.32
	5.38 – 7.26
	13.79

	Impact noise
	7.09
	6.87 – 7.30
	19.86
	6.78
	6.61 – 6.95
	14.79

	Equipment noise
	3.41
	3.21 – 3.62
	9.55
	6.16
	5.95 – 6.37
	13.44

	Common area noise
	4.06
	3.86 – 4.25
	11.37
	6.35
	6.16 – 6.54
	13.85

	Indoor noise
	3.72
	3.56 – 3.89
	10.42
	5.75
	5.59 – 5.92
	12.54

	Total
	35.7
	
	100.00
	45.84
	
	100.00


Source: prepared by authors.


For the Brazilian sample, airborne noise (19.92%) and impact noise (19.86%) were identified as the most disturbing sources, followed by external noise. From the perspective of insulation importance, airborne and external noise were considered the most relevant (15.79%).
Based on the annoyance results, the difference between the lowest relative weight (9.55% for equipment noise) and the highest (19.92% for airborne noise) was 10.37%. In contrast, for insulation importance, the difference between the lowest (12.54% for indoor noise) and the highest (15.79% for airborne/external noise) was only 3.25%. Accordingly, the coefficients were grouped as follows:
· Context level (external to the building): External noise, with a relative weight of 15.85%, corresponding to a weighting factor of 0.16.
· Building level: Noise from common areas, with a relative weight of 11.37%, corresponding to a weight- ing factor of 0.11.
· Dwelling level: Airborne noise (19.92%), commercial space noise (13.03%), impact noise (19.86%), equipment noise (9.55%), and indoor noise (10.42%), summing to 72.78%, corresponding to a weighting factor of 0.73.
These results indicate that annoyance-related weights exhibit greater dispersion, while insulation-impor- tance weights are more homogeneous. This suggests that individuals may find it more difficult to associate annoyance with specific everyday noise sources, whereas judgments regarding the importance of insulation tend to be more stable.


Minimum and maximum values within the 95% confidence intervals were also analyzed to establish alternative scenarios (Table 17). Minimum values may be applied to populations with a higher proportion of elderly individuals, who often exhibit reduced auditory sensitivity. Conversely, maximum values may be more appropriate for critical contexts with heightened noise sensitivity, such as hospitals or strictly residential areas.
[bookmark: _bookmark48]Table 17 – Determination of coefficients in minimum and maximum values and their relative weight

Annoyance	Importance of insulation
Minimum		Relative	Maximum		Relative	Minimum		Relative	Maximum		Relative value	Weight (%)		value	Weight (%)		value	Weight (%)		value	Weight (%)
	Noise
sensitivity
	5.5
	16.48
	5.82
	15.31
	7.09
	16.16
	7.39
	15.45



External noise Airborne noise Commercial space
noise Impact noise Equipment noise Common area
noise Indoor noise

6.89	20.64	7.32	19.26	7.10	16.18	7.39	15.45
6.87	20.58	7.30	19.21	6.61	15.06	6.95	14.533.49
10.46
5.81
15.29
5.38
12.26
7.26
15.18
3.21
9.62
3.62
9.52
5.95
13.56
6.37
13.32

3.86	11.56	4.25	11.18	6.16	14.04	6.54	13.68

3.56
10.67
3.89
10.23
5.59
12.74
5.92
12.38

33.38	100.00	38.01	100.00	43.88	100.00	47.82	100.00

Source: prepared by authors.


The minimum and maximum relative weights serve as a basis for establishing different analytical sce- narios. For instance, the minimum values may be applied in populations with a higher proportion of elderly individuals, who typically present reduced noise perception due to age-related hearing loss. Conversely, the maximum values may be applied to critical situations involving heightened noise sensitivity, such as in hospitals or strictly residential areas.

4 [bookmark: CONCLUSIONS]CONCLUSIONS


This study provides a national-scale analysis of how Brazilian users perceive everyday noise. Although the minimum required sample size was 1,068 respondents, 2,229 individuals completed the questionnaire,of whom 1,417 were included in the statistical analysis.
By quantifying both annoyance and the perceived importance of acoustic insulation, the research offers a framework to support building classification systems focused on acoustic performance. Eight weighting co-


efficients were defined to translate user perception into measurable indicators. The results show that annoyance responses are more dispersed, whereas evaluations of insulation importance are more consistent.
The findings differ from those reported in other countries, as Brazilian respondents identified airborne (7.11) and impact noise (7.09) within dwellings as the most disturbing sources. Nonetheless, all insulation categories were recognized as relevant, with a maximum variation of only 3.25% in relative weights.
The case study conducted in a mixed-use building reinforced the national results, with minimal dif- ferences between national and local datasets. Annoyance values differed by no more than −2.69% for indoor airborne noise and even less for the remaining categories, confirming the robustness of the methodology at multiple spatial scales.
Overall, the study validates the use of statistically derived coefficients to represent user perceptions of noise in Brazilian housing. These results contribute to the development of acoustic performance guidelines and emphasize the importance of jointly considering annoyance and perceived insulation importance to promote healthier and more comfortable residential environments.
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