VIl Congresso

Ilbero-americano de Acustica
@ (=] 1-3 outubro
Soctesace Portusuess or Asancs SEA

acastica 2012 R Evora = POFtUgﬂ'

INTEGRATION OF QUALITATIVE ASPECTS IN URBAN NOISE
ASSESSMENTS

Soénia Antunes', Jorge Patricio®, Anténio Samagaié

YL aboratério Nacional de Engenharia Civil
{ santunes@Inec.pt , jpatricio@Inec.pt }

2 Universidade de Aveiro
samagaio@ua.pt

Abstract

To evaluate the human perception of road traffiseoeduction measures in urban areas, two surveys
were developed. The first survey intends to evaldlhe cognitive structure of individuals to noise
while the second intends to study individual's e@tcon about noise reduction measures.

In this paper the semi-structured interviews cdrmait, its content, structure and wording of the
guestions that were made for both surveys, areepted. A multidisciplinary approach was taken,
with contributions in the fields of environmentalyghology, statistics, acoustics and psychoacaustic

Keywords: Environmental noise, noise perception.

PACS no0.43.50.Sr

1 Introduction

There are numerous sound sources, fixed or motdahlaporary or permanent, that influence the
acoustic environment of urban areas. However, t@fic noise is the most widespread and important
in urban areas. In second and third place of inapae, appear, respectively, air and railway traffic
noise [1]. In urban areas, other important noisgrees are industrial noise and the noise caused by
construction works, although the latter is morevemty distributed and has a temporary character.
Finally, in urban areas there is a wide varietyotifer sources, resulting from human activity, and
generally characterized by their sporadic natuwehsas the sirens of ambulances, the system beeps
caused by counter-intrusion and noise caused hgragsof ventilation used in buildings. As a result
of high density of population and the complexitytleé urban environment, it is in the large citiestt
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the noise sensitivity is higher. The coexistenca gensitive occupation and noisy activities cail le
to a conflict between the people and their peroaptnvironment.

Traditionally, the influence of noise on the quatif human life was studied focusing on the negativ
effects that this environmental descriptor causessh as annoyance and sleep disturbance [2].
Another type of approach for the assessment ohtioeistic environment is to take into account that
the urban spaces include complex combinations lefa§ant and unpleasant” sounds, depending on
their subjective evaluation. This classificationnist only related with the sound intensity, butoals
with the context in which the sounds are perceiaed, the social and cultural meanings attributed to
them by individualsSchaferintroduced and developed the term soundscape li8jwtranslates an
auditory standpoint of the urban environment - By as the shape and colors are linked with the
visual landscape-, placing the human receiver sncinter. In this context, the development of
methodologies for the assessment of human perceptitraffic noise is a fundamental aspect for the
corresponding assessment of environmental noise.

2 Study description

In this work, two questionnaires were developede dar assessing the cognitive structure of
individuals to traffic noise and the second to dlssessment of human perception of noise mitigation
measures. The respective contents were based lyahdhe research literature, but also in the semi
structured interviews previously done. For theipliementation, it was essential to use knowledge of
environmental psychology, statistics, acoustics psythoacoustics, and to take a multi-disciplinary
approach.

Firstly, semi-structured pilot interviews were mateorder to assess the individual's perceptians t
road traffic noise in urban areas. This action ptbto be essential, since it made possible the
identification and classification of the most animgynoises sources in the resident’s scope fo6the
zones distributed along the area of interest (VUie content analysis of these interviews allowed t
structuring of the two subsequent questionnairesddition, an idea about the perception roaditraff
noise mitigation measures already implemented wesng which in this case encompassed the
placement of low noise pavement and the reductiaeluicles velocity.

For the assessment of the cognitive structure dividuals regarding road traffic noise: binaural
recordings were conducted outdoors in the citiedsigiion and Oporto. In Lisbon, binaural recordings
were taken in areas such as the downtown, whiclclaaeacterized by narrow streets (Ouro Street,
Sound 9); an open square with compact traffic (CaisSodré, Sound 6); and, in the vicinity of an
urban main road that crosses the city (22 circulagr Telheiras, Sound 8). In Oporto, binaural
recordings were taken in VCI (urban main road thiatles the central area of Oporto and Vila Nova
de Gaia), near the Foco area (Sound 4). Each kiheerording was edited in order to eliminate
periods with major wind disturbances and unusufitr sound, like ambulance sirens. Also binaural
recordings of public transportation noise were makehese samples integrate a train passing by (line
Lisbon Cascais, Sound 3), old (Sound 5) and mod&inon Trams (Sound 11), modern city Bus
(Sound 1), Oporto subway (Sound 10), and airplaassipg by (Sound 2). Additionally, it was
decided to integrate 2 samples of motorcycles pgdsy (a modern motorcycle with noise reduction
device, Sound 12, and an old motorcycle, Soundhd)aaplane passing by. For mores details about
these sounds see reference [1] (in Portuguese).
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The 12 sounds were presented to 132 individuai®thf sexes (voluntary participation), aged between
20 and 50 years. The sounds were reproduced usimtspeakers and a Power Point presentation.
Before starting filling the response sheet, pgrtinis had always to perform a pre-test in order to
become used with the sounds played and with théodesf classification of 21 pairs of adjectives.
Also, for each of the 12 sounds, physical and psgcbustics parameters were calculated, such as the
third octave bands noise spectrum, equivalent woatis sound level, A-weighted and linear, the
loudness average spectrum and percentile levelsgipies 5%, 10% and 50%), total loudness,
sharpness and roughness.

The questionnaire about the perception of noisgation measures, have two distinct parts. The firs
part comprised a questionnaire with closed questionwhich several factors were evaluated, namely,
factors associated with socio demographic, typeesidence and its structure, noise exposure and
noise-induced annoyance (standardized questiorrdingoto the publication of ISO/TS 1566). This
questionnaire also allowed to evaluate the noisesigety of respondents (according Weinstein
scale), the assessment of different sources presémt area under study, as well as the evaluation
the main effects induced by noise and the typedrafegies for dealing with noise annoyance (coping
strategies). It was also asked participants tosiflas set of statements about noise mitigation
measures.

In the second part of the questionnaire a set ohd® associated with different noise mitigation
measures were presented. These sounds resultecafgmtection (and processing) of several audio
recordings collected. It was used sounds recordathd an absorbent noise barriers, known as "green
barriers" (Figure 2, a)); behind noise barriershwierforated absorbent metal panels (Figure 2 b)),
behind noise barriers with reflective metal panatsl acrylic panels (Figure 2, d)) and sounds
recorded behind acoustic barriers consisting ofli@cpanels (Figure 2, c)). Since noise barriens ca
have characteristics of visual intrusion, was atdegrated in this test the visual assessment cf ea
noise barriers, by submitting their photographs agguesting the corresponding classification in
terms of aesthetics and expected efficiency.

Regarding the evaluation of road pavements, awiordings from a single passage of light vehicle
(model Ford Focus, diesel) with a passing spee80Ookm/h, were used. In this case, taking into
account the difficulty that humans have in sortsoginds with similar characteristics, it was asked
participants to compare the recording from a vehjzhss by in a dense asphalt concrete pavement
(reference pavement, according to Standard ISO 9181997), and the recording from the same
vehicle passage in a low noise pavement, namelinaya asphalt, rubberized asphalt (closed
moisture), thin layer (micro concrete), and rougptealt.

Audio records relating for the same vehicle witffedent speeds (60, 80 and 100 km/h), were also
present to the respondents. In this case, it wgigested to sorting the sounds in accordance wih th
degree of pleasantness.

The participants in this survey have their homesrine the VCI. The acoustic environment in these
locations was essentially due to road traffic, hguwihe noise spectrum dominant components in the
low frequency range (200 Hz). The total durationtte survey was around 45 minutes. 21 persons
participated in this study, 57.1% were male an®%2were women, aged from 20 years to over 80
years old.
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3 Results

3.1 Noise evaluation of the cognitive structure oindividuals

In the Portuguese language there is not a traditi@pplying the Semantic differential techniquehwi
sound stimulus. So a bibliographic research wasen@adthe words used in others countries. The
words have been sorted and their respective coritagt been analyzed to find more detailed
information on their use. Also, surveys were madpdople (acousticians and non experts) in order to
ask them to use their own words for sound sampssription. The semantic differential profile for
the 12 sounds is presented in Figure 1. From theysis of this figure, the audio recording
corresponding to the city bus passing by (Soundsln the point of view of connotative meaning
essentially classified as uncomfortable, annoyibgi also as disharmonious, irritating, noisy,
unpleasant, and strong. The corresponding scal¢hferassessment focuses on the intensity value
equal to five. The airplane passing by (Sound 2jéstified by almost all participants, as annoying
loud and unpleasant (intensity level equal to G-Bwever, adjectives like high, uncomfortable, gois
and irritating can also be used to characterizgottgsage of an airplane. The train passing by Goun
3) is more identified with the adjectives unpledsdoud, annoying, uncomfortable, irritating and
strong (intensity ranging between five and six)g&eing the audio recording associated with road
traffic in the VCI (Sound 4), adjectives like unagant, annoying, high, uncomfortable, strong and
noisy are used (intensity scale equal to six).tRersound of the old Lisbon tram passing by (Sdand
the following adjectives were used: unpleasantogimy, uncomfortable, loud, irritating, rough and
strong (intensity scale equal to five). The soundhe audio recording recorded at the Cais do Sodre
Square (Sound 6), is mainly described by adjectia@soying, noisy, unpleasant, uncomfortable,
disharmonious, loud, irritating, strong and rougd@ftensity level of five). The passage of an old
motorcycle (Sound 7), whose exhaust noise is segmf, was essentially classified by all particifgan
as irritating, rough and strong (intensity levelbalgto six). However, adjectives such as annoying,
loud, uncomfortable, noisy, disharmonious, wer® aised to characterize this sound. Regarding the
audio recording associated with the road traffi2@€ircular (Sound 8), in Lisbon, adjectives like
annoying, uncomfortable, noisy, disharmonious, eagant, irritating were used.

With regard to the sound recorded at Ouro Streeurf® 9), in Lisbon, it is better identified as
unpleasant, loud, annoying, uncomfortable, andngtr@intensity level equal to six). However
adjectives as noisy, irritating and unacceptable also be used. The Oporto subway passing by
(Sound 10) audio recording was classified as diiglmcomfortable, boring and irritating annoying
(intensity level of 4). The audio recording asstazawith the modern Lisbon Tram passing by (Sound
11), is essentially described by the adjectivedaasant, loud, annoying, uncomfortable and strong
(intensity level close to six). Finally, the souafla motorcycle with exhaust noise silencer (Sound
12), is essentially characterized by the adjectiltdband muffed (intensity score between 4 and 5).

The airplane passing by is the sound for which aentepreciative assessment is associated. It is
described as the most unpleasant, uncomfortableyyamg, strong and high. Then, it follows the
sounds of the Lisbon modern Tram and Old motorcpelesing by and VCI road traffic noise. At the
other extreme there are the sounds associated rodith traffic at Cais do Sodre, and the sound
associated with the Oporto subway. Regarding thgdeal structure, the sound considered as the
most irregular, inconstant and unstable is the d@ssociated with the old motorcycle passing by.
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Figure 1 -Semantic differential profile

Principal component analysis was carried out uSR$S v.15 with varimax rotation (with Kaiser
normalization) on the semantic differential adjeetpairs in order to extract the number of factors
present in the data, and to identify which desorphighly affects each factor. Table 2 presergs th
results of the principal components analysis fbflalsounds. In this case, four factors were eteédhc
explaining 75% of the variance. The first factormsoarizes the meanings contained in various
variables among which the adjectives pairs Comifidetdncomfortable, Calming- Irritating, Not
annoying- Annoying, Pleasant-Unpleasant have higleeslings. This factor indicates a qualitative
assessment in terms of assessment and intensityg ibe inclusion of pairs like Low- Height and
Weak-Strong in this factor. The Cronbach's alphaakxj0.95 for this factor. The second factor
includes aspects mainly related to the scales Rediuegular, Constant-Inconstant, Steady-Unsteady,
and Continuous-Discontinuous. A value of Cronbatgha of 0.89 was found. The third factor,
comparatively smaller than the previous ones, istipaepresented by the scales Dark-Bright and
Hard-Soft (in this case the Cronbach alpha is etpu@l79). Finally, the fourth factor is characted

by adjectives Sharp-Dull and Strident- Muffled, w& Cronbach alpha equal to 0.3.

The following names seem more appropriate for fygomtment of these four factors: Qualitative
Assessment (factor 1), Temporal Stability (factprPower (factor 3) and Timbre (factor 4). ). Hauist
analysis the pair Exciting-Boring was taken out.

5
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As regards the breakdown of sounds related to tr@édiic noise, for those audio recordings that have
had a duration exceeding 30 seconds (Sounds 4a6d®), the same factor structure that explains
75% of the variance was found. The first factor swarizes the meanings in various scales, including
the pairs: Not annoying- Annoying, Calming- Irritag, Comfortable-Uncomfortable, Unacceptable-
Acceptable, and the highest loadings. As in theipus case, it is interesting to note that thigdac
enables a qualitative evaluation in terms of assest and intensity. For this factor the value of
Cronbach's alpha equals 0.93. The second factludie aspects mainly related to the scales Regular-
Irregular, Constant- Inconstant, Stable-Unstablentiduous-Discontinuous, which is linked to an
alpha Cronbach of 0.89. The third factor (Crontmelpha equal to 0.75), comparatively smaller than
previous ones, is mostly represented by the sda#ek-Bright and Hard-Soft. Finally, the fourth
factor is characterized by the adjectives Sharp-&nd Strident- Muffled, with a Cronbach alfa equal
to 0.3. As in the previous case, the factors weamed as: Qualitative Assessment (factor 1),
Temporal Stability (factor 2), Power (factor 3) ahubre (factor 4). In this analysis, four factors
extracted explain 75% of the variance.

Table 2 — Component Component Matrix(a): 12 soaveésage

Awerage 12 sounds Component
1 2 E] 4
Comforable-Uncomfarable 0593
Calming- Iritating oe2
Mot anno ying- Annoying 0s0
Fleasant-Unpleasant 080
Acceptable-Unacceptable 081 027
Weak-Strong 0,80 025
Bearable-Unbearable 0,80 020
Smooth-Rough 0,80 027
Low-High 0./9
Mild-tloisy 078
Harmaonious- Disharmonious 073 023
Regular-lrregular oos (=)
Constant- Inconstant 0,11 (=]
Stead y-Unsteady 0148 0,36
Continuous-Discontinues 0,06 079 020
Monotonous-“aried 0,03 0,74 0,37
Dark- Bright 017 091
Hard-Soft -053 0,72
Sharp-Dull 0,10 085
Strident- Muffled -0.47 058

Regarding the breakdown of sounds related to thebs passing by (Sounds 1,5,7,11,12), it appears
that the relevant factor structure is slightly e@réint, increasing their number by 1, which may ssgg

a slight difference in the evaluation of emergiongreds, from those related to the background noise.
These extracted 5 factors explain about 74% of/éin@nce. The first factor (Cronbach's alpha equals
0.89) summarizes the meanings in different scdtesy which the pairs Not annoying-Annoying,
Comfortable-Uncomfortable, Pleasant-Unpleasant hiaedighest loadings.

Again, this factor indicates a qualitative evalaatin terms of assessment and intensity. The second
factor (Cronbach alpha of 0.8) includes aspectsniyailated to the scales Constant-Inconstant
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Regular-Irregular, Continuous-Discontinuous. Thérdthfactor (Cronbach's alpha equals 0.89),

comparatively smaller than the previous ones, istimaepresented by the adjectives pairs Muffled-
Strident and Monotonous-Varied. The last two faxtare represented by one pair only, namely the
factor of 4 by the pair Dark-Bright, and the fackdoy the pair Sharp-Dull. The following names seem
to be appropriate for these five factors: Qualtathssessment (factor 1), Temporal Stability (facto

2), Variation (factor 3), Power (factor 4) and Timl§factor 5).

3.2 Assessment of noise mitigation measures

For the statements relating to the expectationgffefctiveness in noise attenuation provided by
acoustic barriers, namely “the construction of B@darrier near your home will improve your qualit
of life”, it has been found that most respondegtea with this statement, especially those witthéig
annoyance during the day. However, for the statérfi€he introduction of a noise barrier will
eliminate road traffic noise at my home", it wasatbthat there were two main groups with opposite
responses. This result suggests the importancelicgnformation and participation in the choide o
noise mitigation measures. Regarding the type ofen# used in the acoustic barrier, most
respondents (66.7%) believe that near their resielerthe barrier must incorporate transparent panel
whilst 28.6% have no opinion on this. When askembiithe main benefit due to the construction of an
acoustic barrier near their residence, 19 indivM&l80.5%) reported the rnoise eduction as major
consequence.

Regarding the psychoacoustic tests, Figure 2 prestur photos that were viewed by the
respondents, and their associated numbering. &, tiitree different classifications were requested
with this set of photographs, namely, sortings etiog to visual effectiveness in noise attenuation,
the degree of visual preference and audiovisuatgffeness.

(b) (d)

Figure 2 — Noise barriers photos: (a) Photo 1gjgtearrier); (b) Photo 2 (metal barrier); (c) Phdto
(acrylic barrier) e (d) Photo 4(mixed barrier)

Figure 3 presents the scores given by the resptsdenthe visual effectiveness rating. For this
purpose, it was suggested to order the photoscordance with the expectations of noise attenuation
provided by the barrier, taking into account orite tvisual appearance. For this rating, respondents
had only information about the (panel) materiale@th acoustic barrier. In this case, the ordesiag

as follows (from most effective to least effectiieas follows): photo 3, photo 4, photo 2 andlfina
photo 1.
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Visual effectiveness in noise attenuation
Phata 4 : 9
Photo 2 .
Mhoto 2 4
Phato 1 | B
i Less effecive (- Il Less effectwe ()
hio-a affadiva -+ W hiors affacdive

Figure 3 — Rating of the four photos accordingitmal effectiveness in noise attenuation

When asked about the aesthetic pleasantness pudwjdeach acoustic barrier, participants' responses
are presented in Figure 4. The sequence of phatosthe most pleasant to less agreeable is: photo 3
photo 4, photo 1 and photo 2. When these photos mearsented together with each audio recording
(approximately during 60 seconds), the sortingreagmrds the effectiveness of each barrier, is as
follows (from most effective to least effectivehqio 4; photo 3; photo 1 and photo 2, as showed in
Figure 5.

Visual preference

15

Photo 4
Photo 3
Phata 2
Photo 1

m Less pleasant (--) mLess pleasant ()
More pleasant (+) EMorepleasant ()

Figure 4 — Rating of nose barriers according toalipreference

Audic Visual effectiveness

“hoto 4

Zhata

hlu 2

hlu 1

W Less effective (-) W Less efedive )
hare ef ecive(+ W Mare effective )

Figure 5 — Rating of noise barriers according tdi@awisual effectiveness

Figure 6 shows the results obtained when compdhiecaudio records relating to vehicle pass by in
different types of road pavements and correspondaggage in a dense asphalt concrete pavement
(velocity of 80 km/h, in both cases). It can beedbthat the most part of individuals prefer theiaud
recording associated with the vehicle passingtiniralayer (micro concrete), and in second plaee th
audio recording associated with vehicle passingnbgrainage asphalt. To a lesser extent, the sound
associated with the vehicle pass by in rubberizpthalt (closed moisture). At last place of prefeeen

is the vehicle pass by on a rough asphalt pavement.
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Road pavement preferences

Rubiberized
azphalt

Thin layer

Drainage asphalt

Raought asphat

u Testing pavnent mDense asphalt nia dlistirdion

Figure 6 - Preferences expressed by individualsébicle pass by in different road pavement
(rubberized asphalthin layer, drainage asphaltough asphajt

For the audio records associated with the vehials by in drainage asphalt with different speeds
(100, 80 and 60 Km/h), it has been found that nedpots preferred the recordings associated with
lower velocities.

3.3 Association between physical and perception dat

Table 3 presents all the significant nonparameaissociations between the pairs of adjectives
(qualitative appraisal) and the corresponding piatsand psychoacoustics parameters of the audio
recordings, for the 12 sounds. This nonparametsgogiation was assessed in terms of bivariate
correlation coefficients, namely the Spearman RHms coefficient measures the correlation between
qualitative variables (ordinal and nominal), andvides information about the intensity and diractio
of the relationship, ranging between -1 and 1.

Relating association between the noise barriermausiial effectiveness and the physical parameters
and of audio recordings it could be seen a closeeagent between the subjective ranking assigned by
respondents, and the weighted sound level A and%edoudness. Regarding the audio recordings

from a vehicle pass by, it was noted a correlabetween the subjective rating and the maximum

value of loudness.

4 Final remarks and conclusions

One of the sounds classified in a more depreciatiag was the recording from the old motorcycle
(Sound 7), corresponding to a passing by of oneorogtle with significant exhaust noise. On the
opposite side, the less depreciative sound is tieerelated to the modern motorcycle with a noise
reduction device (Sound 12).These opposite resgigjessts the importance of awareness campaigns
and noise monitoring of vehicles. For the sound®e@ated with recordings of road traffic noise with
a duration exceeding 30 seconds (Sounds 4, 6, ®pntdis interesting to note that the recordings
associated with roads that crosses a compact adiam (with buildings on both sides), are less
appreciated. This is the case of Ouro Street (S@&navhose classification is comparable to road
traffic from VCI (also with a compact urbanizatistmucture nearby).
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Table 3 — Significative associations (p<0,01) betwadjectives and physical parameters

Pairs of adjectives

Physical parameters

Psychoacoustics parameters

Acceptable-
Unacceptable

SPLy (ps=0.92); SPLC
(ps=0.82);

8(ps=0.71% LN (ps=0.94)%LNs (p:=0.94);
INjg (pe=0,94); INsq (ps=0.89);

Pleazant- Unpleasant

SPLy {p==0.8). SPLa(p:=0.89):

SPLc (ps=0.87

A

LN {ps=0.89); LNs (ps=0.81)
LNy (pe=0.86); LNsg (ps=0.85);

Calming- Imitating

SPLa(ps=0,77); SPLc

LN (ps=0.8);LNs (p:=08);

(ps=0.72) LNyg (pe=0.86) LNsg (ps=0.73);
- . . SPLa(ps=0,73); SPL: LM {pz=0,75)LNs (ps=0,78)
Mot annoying- Annoyving : [I?pe=D.7S} P INn [pe=D.7[g} )

Bearable-Unbearable

SPLA(ps=0.75);

SPLy (ps=0,73);SPLa (ps=0.92);

SPL: (ps=0.36)

LN {ps=0,94); LNs{ps=0,91);
LNig (pe=0.94): LNsg (pe=0.87)

Mild-MNoizy

SPL(ps=0.7)

LIN: (ps=0,78); INjg (ps=078);

Wealk-Strong
Low - Height

SPLa(pe=0.91); SPL-
(ps=0.81)

SPL1(pe=0.8); SPL4(ps=0.96):

SPL: (ps=087)

8(pz=0,71% LN (ps=0.93)LNz (p==0.54}
LNyg (ps=0.94) LNyp (ps=0.94) LN
(pe=0.20Y;
S{pz=0,78) LN (ps=0,93);LNs (ps=0.96);
LNig (ps=0.96); LNsg (ps=0.96)

Muffled- Strident

SPLy(pe=10.71% SPLa(ps=-
0,87): SPLc (ps=-0.82)

IN(p==-0,87); IN; (pz=-079% INy (ps=-

0.83): INsy (pe=-0.81);

Smooth-Fough

SPLa(ps=091); SPL:
(pe=0.83) SPLr(p==0.73)

LN (pz=0,91%:LN; (p==0,91%; LNy (p==0.91%;

INsg (pe=0.91);

Hard-Soft

SPLy(ps=-0,77) SPLa(ps=-
0.87); SPLc (ps=-0.88)

IN (pg=-0.87)LN1g (ps=0.91); LNsg (ps=-

0.83)

Regarding the principal component analysis carpet| it is interesting to note that the second
emerging factor, is the one related to the tempstaicture of the signal. This happens when an
analysis of all 12 sounds is done, as well as wdagrying out a breakdown of sounds corresponding
to road traffic noise. It appears that the sourasesponding to just one passing by of vehicles are
generally rated as more irregular, more inconsazat unstable. There is also an additional factor in
the principal component analysis, which is appairg variation in this study. In this context, gt i
possible to suggest a different mode of evaluatietween sounds with a more solid structure (like
background noise), from sounds related with isdlaEoustic events.

Regarding the association between the percepteiab{gpairs of adjectives) and physical and psycho
acoustical data, it has been found that the fagtmitative assessment showed largest number of
significant associations. Especially with the pagters loudness, percentiles loudness, and the
equivalent continuous sound level A-weighted (Cghetd in some cases). This is the cases of the
pairs: Acceptable-Unacceptable, Bearable-Unbeagratbf#d-Noisy, Weak-Strong, Low-High,
Smooth-Rough.

For the factor Temporal structure, there were mmiicant associations found between pairs of

adjectives used, and the physical and psychoacoostasures. However, for the potency factor
(which is associated with the pair Hard-Soft), ¢hisra strong negative association, because wheneve

10
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"softer the sound is, the lower the intensity bé tphysical and psychoacoustics are, especially in
terms of equivalent continuous sound level, A wedhand loudness

For the noise mitigation measures in the propagaiath, one of the important aspects regarding the
noise barriers effectiveness it is not only relatdtth the noise attenuation, but also with the satiye
opinion of individuals. In fact, for planning moedfective noise mitigation measures, the public
assessment of noise perception and pre-establichiecepts associated with the respective noise
reduction measure, becomes essential.

In the context of noise mitigation measures atréoeiver, namely enhancing the sound insulation of
walls and the introduction of double glazing, itssfaund that this type of measure is satisfacto a
effective. However, as these types of measures adoreduce exterior noise, many respondents
reported some dissatisfaction arising from the flat they can not open the windows because of the
noise, particularly during the summer.

The use of computer resources, such as the onesnped in this work, with the presentation of
sounds through headphones and corresponding \atialfi, if necessary, can be an important tool for
raising awareness, information disseminating aedadsessment of the perception of noise mitigation
measures. This work could be done within the putdidicipation in the framework of environmental
impact studies.

The results of this work show the importance of ki methodology in order to obtain a more
suitable noise reduction, aiming to an effectivésedevel reduction in the scope of the suitable
perception of individuals. This type of methodologgn also contribute to a more widespread
acceptance of the noise mitigation measures.
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