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Abstract: Noise mapping is a useful and widespread

method to visualise various items like the exposure to

noise pollution, statistics of a�ected population, di�erent

noise source contribution analysis, and it is also a use-

ful tool in designing noise-control plans. Some researches

have moved a step further, proposing maps to represent

the people perception of the acoustic environment. Most

of these maps use colours as mere tools to display the spa-

tial variability of acoustic parameters. In this paper the

colours associated by interviewed people to di�erent ur-

ban soundscapes have been analysed, and the possibility

of using meaningful colours to represent the soundscape

quality in noise mapping has been examined. For this pur-

pose, correspondence analysiswas applied on thedata col-

lected fromon-site interviews, performed in thewaterfront

of Naples and its surroundings. The outcomes show that in

the pedestrian areas nearby the sea, the blue colour was

often associated with the soundscape rating, whereas in

the areas nearby the sea but open to road tra�c the inter-

viewees selected mainly the blue and grey colours. In the

areas away from the sea, a wider selection of colours was

observed: red and greywere predominantly selected in the

areas open to road tra�c and green, yellow and red in the

green areas.
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1 Introduction

The complex task of studying the acoustic environment in-

volves the use of tools helping to interpret its state and

evolution. Indicators are commonly considered in urban

planning and environmental impact assessment to eval-

uate the need to take action for the improvement of the

acoustic environment. Most of these indicators measure

objective properties of the acoustic environment, such as

noise levels, number of events, or psychoacoustic param-

eters. Some others deal with subjective ratings of speci�c

features, such as the soundscape quality, noise annoyance

or acoustic comfort. Quantitative and qualitative parame-

ters can be applied together to provide a complete a de-

scription as possible of the acoustic environment. While

quantitative parameters are expressed in numerical scales,

qualitative parameters may be expressed in numerical (as

the ones rated from0 to 100) or ordinal scales (as the Likert

scale). In the evaluation of the acoustic environment in ur-

ban areas, it is advisable to represent the spatial and even

the temporal changes of acoustic and non-acoustic factors.

For instance, coloured maps are often used to represent

the spatial variability of the variables of interest. Commu-

nity basedmonitoring initiatives also display these kind of

maps to represent the collected information on the acous-

tic environment [24, 41, 42, 58]. However, in these maps

colours are used as mere replacements of numeric values,

without any direct kind of meaning associated with their

use.

Colours have been used for noise maps as a mean to

represent di�erent noise levels, but their potential to be as-

sociatedwith a speci�c soundscape (orwith a landscapeor

smellscape) has not been investigated yet. Thus, it seems

to be worth to investigate the colours that a speci�c acous-

tic environmentmay evoke on individuals in order tomake

more representative soundscape maps.

The aimof this study is to analyse the relation between

soundscape, de�ned by the ISO 12913-1:2014 as the “acous-

tic environment as perceived or experienced and/or under-

stood by a person or people, in context” [50], and some

acoustic parameters, as well as colours associated to the
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soundscape, in in order to evaluate the potential of using

colours as additional soundscape indicators inurbanopen

spaces for soundscape mapping.

1.1 Colours, sounds, and emotional

reactions

Di�erent studies have established connections between

what a person sees, listens and feels simultaneously

through the audio-visual interaction. Some of them have

focused on di�erent aspects of sound, suggesting that

colours may play a signi�cant role in its appraisal [1, 15,

27, 62]. These studies have evaluated the perception of a

speci�c sound or acoustic environment in relation with

the colour of the object or the atmosphere in which they

can be heard. Laboratory tests were conducted in most of

them [16, 52, 57], using acoustic recordings and visual ma-

terials (photos or videos) or Immersive Virtual Reality sce-

narios [37, 38].

Patsouras et al. [52] found that the sound of a train si-

multaneously reproduced while displaying images of red

trains caused a perception of loudness higher than dis-

playing green trains. Rader et al. [57] compared the re-

sults of the previous study with the ones carried out on

subjects of a di�erent nationality with similar but more

remarkable results, concluding that the colour-sound in-

teraction might be more noticeable by subjects from one

country than from another. Evaluating di�erent means of

transport, Menzel et al. [48] also evidenced di�erences in

the loudness perception of a car pass-by depending on its

colour. Ma and Nie [36] explored the variation of noise an-

noyance resulting from di�erent levels of road tra�c noise

heard in indoor environments. The authors showed that

by improving the combination of colour and lighting con-

ditions, the annoyance produced by the road tra�c noise

in indoor environment can be reduced. The e�ects of the

visual characteristics of the acoustic barriers on the per-

ception of railway noise were analysed by Ma�ei et al. [39]

through Immersive Virtual Reality scenarios, concluding

that green colour barriers seem less loud than others. The

audio-visual in�uence on the acoustic comfort assessment

was analysed in the interior of ametro wagon [13], through

di�erent colour decoration. The study showed that the

beige metro was judged more relaxing than the blue one

and more harmonious than the blue and yellow. Ma�ei et

al. [37] evaluated the e�ects of colours on the auditory per-

ception of a wind farm in a quiet area, concluding that

green and white turbines are preferred to brown and red

ones in terms of integrations with the environment, visual

and sound pleasantness, and annoyance. Further informa-

tion about the color-sound interaction can be found in a

review article written by this research team [56].

The analysis of di�erent researches leads to the con-

clusion that colours, e.g. [26, 31, 59, 65], and sounds, e.g.

[2, 3, 10], independently consideredmay raise similar emo-

tional responses. Both colours and sounds may be associ-

ated with emotions such as sadness, annoyance or calm-

ness.

Dealing with the association between sounds, colours

and emotions, many studies maintain that similar psycho-

logical reactions caused by music and colours are based

on the correspondence between their physical properties.

For example, there are di�erent theories trying to explain

the relationship betweenmusic and colour through the as-

sociation among their amplitude and wavelength [54, 61],

or between hue and saturation of colours with pitch and

timbre of music [11, 18]. This association is manifested re-

markably in individualswith auditory-visual synaesthesia,

in which acoustic stimuli may evoke visual sensations, e.g.

[21, 43, 49]. Nevertheless, there are many studies suggest-

ing that ordinary people are also able to experience cog-

nitive associations based on emotional matching between

music and colours, e.g. [28, 35, 51, 63, 64]. In that regard,

some authors believe that the sound-colour synaesthesia

employs similar mechanisms used by not synesthetic in-

dividuals in cross modal perception [66]. In Strle et al.

[63] the authors maintain that the correlations between

colours,music and emotions are in�uencedby the context,

concluding that music and colours can be used to induce

a�ective responses in individuals. The outcomes obtained

in [51] support the “emotional mediation hypothesis” as-

serting that participants chose colours that evoke similar

emotional responses to the ones aroused by the classicist

style music that they were listening. In [4] the authors

claim that songs de�ned as happy are mainly associated

with bright colours such as red, yellow, green and blue,

while songs de�ned as sad aremainly associatedwith grey

colour.

Most of the researches above cited are related with the

association between colour, music or pure tones and emo-

tions. Notwithstanding, just a few examples may be found

in literature dealing with the association between colour,

sound environment and emotions. For instance, in [34], ex-

cerpts of acoustic environment recordings (without photos

or video depiction) are associated in a laboratory experi-

ment to the two-dimensional model of perceived a�ective

quality of the acoustic environment [3], and a set of pre-

determined colour patches. Results showed that there are

patterns in theway that participants associate colours and

recordings of the acoustic environment.
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Figure 1: The selected study areas in Naples.

Some researches go one step further, trying to �nd out

if the correspondence between colour and sound may fa-

cilitate the information processing while conducting cog-

nitive tasks [45, 47]. In [12], target discrimination task was

used to evaluate if the associations between sound at-

tributes and colour properties could improve participants’

e�ciency in cognitive tasks. The results showed that par-

ticipants answered faster and more accurately to the ques-

tion when colour and sounds (simultaneously displayed

and reproduced while questions were formulated) were

congruent. Marks et al. showed that when the pitch is

congruent with the brightness of colours, participants re-

sponds with more e�ciency than when the cited features

of sound and colour were not congruent [44].

The present research is aimed to evaluate the assump-

tion that there are cross-modal correspondences between

audio and visualmodalities [4, 32, 35, 63], in particular, be-

tween outdoor soundscapes and colours. In order to evalu-

ate the use of colours as additional tools for graphical rep-

resentation of soundscape in maps, comparison between

objective and subjective descriptors of soundscape and the

colour associated to it by the interviewees were performed.

2 Materials and methods

The study area included a stretch of the waterfront

of Naples, with lively bars, historical buildings and a

bustling promenadewith the neighbouring sites. Thewest-

ern boundary of the study area was the intersection of

“Mergellina” and “Francesco Caracciolo” streets; the east-

ern boundary was formed by the “Ammiraglio Ferdinando

Acton” and “Francesco Caracciolo” streets. The locations

where the noise survey was performed were selected in or-

der to cover a range of urban spaces with di�erent features

(Figure 1): green areas, places nearby the sea and areas

with di�erent kinds of tra�c �ows. Villa Comunale, one of

the biggest urban parks of the city, and the waterfront of

Naples are within the extent of the study area. The areas

were selected regarding their soundscape and landscape

features, to evoke a diversity of positive and negative sen-

sations in the participants of the study.

2.1 Materials

The present study deals with data on objective acoustic pa-

rameters and subjective perceptual data collected during

two �eld surveys, carried out in the study area in winter

2014 and summer 2016. Face-to-face interviews were car-

ried out on weekdays and weekends from 10:00 to 17:00

hours. Participants, selected randomly, were asked to �ll

in a questionnaire dealing with the assessment of the

soundscape and other features of the area in which they

were interviewed.

Binaural recordings in �xed locations were taken si-

multaneously with the interviews by means of binaural

headphones Sennheiser HDC 451, connected to a portable

digital audio recorder (M-Audio Microtrack 24/96). An

acoustic calibrator 01 Metravib “CAL21” was used to cali-

brate the equipment.
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Figure 2: Areas by the sea; from left to right: pedestrian areas (code Sea_PE), limited tra�c areas (Sea_LI) and open to road tra�c areas

(Sea_TR).

Figure 3: Interior areas; from left to right: pedestrian areas (code Int_PE), open to road tra�c areas (Int_TR) and green areas (Int_Park).

The survey campaign was carried out in 24 locations,

classi�ed “a priori” into six types of area depending on dis-

tance from the sea (Figure 1), the typeof road tra�cand the

presence of vegetation. In particular, the areas close to the

sea were classi�ed in (Figure 2): “Pedestrian areas nearby

the sea” (code Sea_PE), “Limited tra�c areas nearby the

sea” (Sea_LI) and “Open to road tra�c areas nearby the

sea” (Sea_TR). The areas away from the sea were divided

into (Figure 3): “Interior pedestrian areas” (code Int_PE),

“Interior open to road tra�c areas” (Int_TR) and the areas

with the presence of vegetation “Green areas” (Int_Park).

Among other questions, intervieweeswere asked to se-

lect the colour theywould associate to the soundscape that

they experienced during the interview. The questionnaire

was printed in black and white to avoid in�uence on the

responses of participants. For the same reason, no visual

scale or list of colours were proposed for answering to the

question on colour association, so that the responsewould

correspond as much as possible to an evoked colour, and

not to a random selection from a list.

Table 1 reports the main questions submitted to the

participants. Interviewees were asked to select the sound

sources heard during the interviews, grouped into 10 cat-

egories, namely road tra�c, aircraft �y-overs, construc-

tion works, voices and steps, music, bells, animals, leaves,

wind andwater. Theywere also asked to select the predom-

inant sound source heard, among the previous ten cate-

gories. Other questions dealt with the soundscape quality

and some of its attributes in the locations under study.

A sample of 227 subjects was interviewed in the se-

lected locations. The answers of three of them, which had

chosen pink, purple and black as colour associated to the

soundscape, were not included in the data analysis be-

ing considered as outliers, according to the attribute value

frequency procedure (AVF) for categorical data [29]. Thus,

nine colours have been considered, as reported in Figure 4.

Figure 4: Stacked bar plot of the colours associated with each score

given to the soundscape (SQ).
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Table 1: Questions included in the poll used for the present study.

Question

1. Colour association

Which colour would you associate to the soundscape

experienced during this interview?

Open question

2. General appraisals on the perceived stimuli Scale

From To

How would you rate the quality of the soundscape? 1 = Very bad 7 = Excellent

3. Semantic di�erential analysis

How would you say this soundscape is regarding

the following adjectives?

1 = Unpleasant 7 = Pleasant

1 = Uneventful 7 = Eventful

1 = Monotonous 7 = Exciting

1 = Chaotic 7 = Calm

4. Sound sources

Road tra�c (TR_Sel), aircraft fly-overs (PL_Sel),

Choose among the following list the sound sources construction works (CW_Sel), voices and steps (VO_Sel),

that you can hear at this moment music (MU_Sel), bells (BE_Sel), animals (AN_Sel),

leaves (LE_Sel), wind (WI_Sel), water (WA_Sel)

Road tra�c (TR_Pred), aircraft fly-overs (PL_Pred),

Among the previous sound sources, select the construction works (CW_Pred), voices and steps (VO_Pred),

one that you consider predominant music (MU_Pred), bells (BE_Pred), animals (AN_Pred

leaves (LE_Pred), wind (WI_Pred), water (WA_Pred)

2.2 Methods

The sound recordings were post-processed to determine

someacoustical parameters, namely Leq, LAeq, and theper-

centiles LA5, LA10, LA50, LA90, LA95, as well as the average

value of psychoacoustic descriptors sharpness (S), rough-

ness (R), �uctuation strength (F) and the 5th percentile of

loudness (N5) that is a good predictor of the subjectively

perceived overall loudness for temporal varying sounds

[17].

The association among the variables was evaluated

through di�erent statisticalmethods in relation of the type

of variables under consideration. Spearman’s correlation

coe�cient has been determined for the eleven acoustical

parameters,while theChi-Squared IndependenceTestwas

used to test the association between pairs of categorical

variables. To measure the strength of association between

categorical variables, the Cramer’s V test was applied con-

sidering the following scale: 0 – 0.30 = no relationship,

0.31 – 0.50 weak relationship, 0.51 – 0.70 = moderate re-

lationship, 0.71 – 1 = strong relationship.

In addition, the soundscape perceived quality was

taken as dependent variable in two linear regression mod-

els considering as independent variables the eleven acous-

tical parameters in the �rst model (called AP, Acoustic Pa-

rameters) and the nine colours associated to the sound-

scape, codi�ed in dummy variables, in the second model

(called C, Colours). Backward stepwise regression has

been applied to reduce the number of independent vari-

ables. The data set was split into training (dataset portion

= 0.7) and test subsets and k-fold cross validation, with

k = 10, was applied with 5 repetitions using the package

“caret” (Kuhn, 2008) running under the R software (R Core

Team, 2013). The performances of the two models were

compared to evaluate the potential of the colours to im-

prove the soundscape quality prediction.

Afterwards, correspondence analysis was used to in-

terpret the relationship between soundscape quality -

colours and locations - colours. Correspondence analysis

is an exploratory technique thatmay be applied to categor-

ical andnominal data. It displays and summarizes the rela-

tionships of large contingency tables of frequency through

a two dimensional graphical form [19, 20]. In addition,

multiple correspondence analysis was performed to eval-

uate globally the results in all the types of areas. Corre-

spondence analyses and multiple correspondence analy-

sis were performed bymeans of the package “FactoMineR”

[30] running under the R software.
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Table 2: Association between colours and soundscape quality (SQ) with the heard (_Sel) and predominant (_Pred) sound sources. Only the

pair of variables with p-value in the Chi-square test lower than 0.05 are reported (See Table 1 for abbreviations).

Colours SQ

Noise sources Value p-value Value p-value

TR_Sel
Pearson χ2 34.263 < 0.001 Pearson χ2 18.192 0.006

Cramer 0.393 Cramer 0.286

TR_Pred
Pearson χ2 46.361 < 0.001 Pearson χ2 53.514 < 0.001

Cramer 0.457 Cramer 0.491

VO_Sel
Pearson χ2 23.081 0.003 Pearson χ2 15.647 0.016

Cramer 0.322 Cramer 0.265

WI_Sel
Pearson χ2 15.893 0.044 Pearson χ2 24.860 < 0.001

Cramer 0.268 Cramer 0.335

WA_Sel
Pearson χ2 44.835 < 0.001 Pearson χ2 34.142 < 0.001

Cramer 0.449 Cramer 0.392

WA_Pred
Pearson χ2 35.699 < 0.001 Pearson χ2 28.568 < 0.001

Cramer 0.401 Cramer 0.359

Location
Pearson χ2 136.480 < 0.001 Pearson χ 83.471 < 0.001

Cramer 0.351 Cramer 0.274

3 Results

3.1 Association between variables

The results of the Chi-Squared Independence Test revealed

an association between the colours and soundscape qual-

ity (χ2 Pearson = 120.97, p-value < 0.01). To determine

the strength of this association, Cramer’s V test was per-

formed, giving a value of 0.301, that is a poor relation-

ship between the two variables, according to the scale

described in 2.2. Figure 4 shows the stacked bar plot of

colours associated with each score given to the sound-

scape. The percentage value of responses is computed re-

ferring to all the occurrencies of the same colour.

The same tests were performed to evaluate the associ-

ation between heard sound sources, predominant sound

sources and locations with both colours and the sound-

scape quality. The summarized results are shown in Ta-

ble 2, where only the pair of variables showing association

between them, even if poor, are reported.

Tra�c and water sources show high relationship with

both colours and soundscape quality in the studied con-

text. When the predominant sound source is either water

or tra�c, both colours and soundscape quality have asso-

ciation with similar values.

The relationship of colours and the soundscape qual-

ity with the location was also analysed. An association be-

tween colour and location was observed, but no associa-

tion was found between soundscape quality and location.

This lack of association may be due to the interpretation

Figure 5: Spearman’s correlogram between soundscape quality

(SQ) and acoustical parameters. Cells with “X” report correlation

coe�cients not signi�cant at 95% con�dence level.

made by interviewees of the term soundscape, as no de�-

nition was given to participants during the interviews.

In addition, the degree of association of the sound-

scape quality and the objective acoustic parameters was

calculated. As the latter were continuous variables, Spear-

man’s correlation was calculated. The association of the

acoustical parameters considered and the soundscape

quality was also weak, as shown by the �rst column of the

correlogram reported in Figure 5. However, the loudness
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Table 3: Performance of the two linear regression models.

Model Root Mean Squared Error R squared Testing model

Accuracy Kappa

Acoustical Parameters (AP) 1.54 0.259 0.234 0.045

Colours (C) 1.47 0.333 0.281 0.104

N5 was the parameter best correlated with SQ and, as ex-

pected, negatively, that is the SQ increaseswith decreasing

of N5. The percentile levels in dB(A) Ln were highly corre-

lated one another.

3.2 Multivariate linear regression

In the linear regression model of soundscape quality (SQ)

predicted by the acoustical parameters (AP model) the

backward stepwise regression left out twovariables, that is

�uctuation stregth F and sharpness S, while in the model

dealing with colours (C model) three were left out, namely

green, red and yellow. The comparison between the two

models obtained by the 10 k-fold cross validation showed

that the performance of the C model was better than that

of the AP, as shown in Table 3. In the latter the most im-

portant variable was the 5th percentile of loudness (N5),

followed by LA95 and LAeq, while in the former the most

important variable was grey, followed by blue and white.

It is worth to point out that the value of R squared in

both models is not high and this is due, most likely, be-

cause of other non-acoustic factors, in�uencing the rat-

ing of the soundscape quality, are not included in the

model, among them cleanliness, maintenance, environ-

mental quality and subjective expectation [40].

3.3 Correspondence analysis

Two correspondence analyses were performed to evaluate

the relationship of each speci�c colour with the sound-

scape quality (SQ) and the locations (type of area). The

interpretation of the correspondence analysis results is

aimed to evaluate whether a signi�cant dependence ex-

ists between the variables or not [19]. Two methods were

used to detect the dependence, namely the square root of

trace [19] and the Chi-Square statistics [46].

3.3.1 Correspondence analysis between type of area

and colours

The square root of the trace (correlation coe�cient) be-

tween type of area and colours was 0.78, indicating a

strong relationship between the colours associated to the

soundscape and the type of area. Chi-Square statistics was

also calculated, as it is amore rigorousmethod for examin-

ing the association between variables [25]. The statistics χ2

(136.48) and the p-value (1.836 e−12) supported the results

of the square root of the trace test.

The number of dimensions to be considered in the cor-

respondence analysis was determined by the scree plot re-

ported in Figure 6, where the horizontal red dashed line

is the threshold above which dimensions should be con-

sidered signi�cant and included in the data interpreta-

tion [5, 6]. The results of the correspondence analysis of

the contingency table of colours and types of area are plot-

ted in Figure 7.

Dimension 1 explains 46.0% of variance, while dimen-

sion 2 explains 34.8%. Hitherto, it seems that correspon-

dence analysis was successful in representing the contin-

gency table in the two dimensional space. An overall reten-

tion of 80.8% was achieved for the two dimensions.

Figure 6: Percentage of the explained variance by each dimension.

The red dashed line represents the n average eigenvalue above

which the axis should be taken into account in the interpretation of

the results.
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Figure 7: Correspondence analysis between colours and types of

area. Blue dots represent the type of area and red triangles the

colour associated to the soundscape.

The interpretation of the dimensions was done regard-

ing the contribution of each colour to the total inertia

accounted for by the X and Y axes considered indepen-

dently [6]. Because there were nine di�erent colours, the

contribution of the categories higher than 100/9 = 11.1%

over the axiswas considered. The coloursmostly contribut-

ing to dimension 1 are blue (38.3%), followed by yellow

(27.8%), whereas the one highest contributor to dimension

2 is grey (59.1%), followed by blue (17.8%), as shown in Ta-

ble 4.

Table 4: Dimension contribution (%) and quality of the columns

representation (cos2).

Colours Dim1

Type of

area

cos2 Dim2

Type of

tra�c

cos2

Blue 38.3 0.74 17.8 0.26

Brown 0.1 0.04 0.3 0.16

Green 11.9 0.51 2.7 0.1

Grey 0.6 0.01 59.1 0.92

Light blue 1.3 0.27 2.1 0.35

Orange 0.8 0.17 0.3 0.05

Red 14.3 0.48 3.2 0.08

White 5.0 0.32 8.6 0.42

Yellow 27.8 0.74 5.7 0.11

However, not all of the colours or types of area are

equally represented. Determining the quality of represen-

tation of a particular row or column provides additional

information on the interpretation of the relationships in

the contingency table. The quality of the representation

can be evaluated through the sum of the squared cosine

of that row or column over the speci�c dimensions [6]. If a

row item iswell representedby twodimensions, the sumof

the squared correlations is high and tends to be 1. Accord-

ing to this criterion for the limited tra�c areas nearby the

sea and the pedestrian areas away from the sea a higher

dimensional solution is probably necessary to understand

them.

Figure 8 shows a simpli�cation of the correspondence

analysis results, according to the information reported in

the previous paragraphs. The colours that did not have

a percentage of contribution higher than 11.1% have not

been considered for the interpretation of the available

data, as is also the case with the type of areas (see Table 4).

The Int_PE was discarded from the interpretation because

of its low contribution to both dimensions (7.7% and 0.2%

to dimension 1 and 2 respectively), and the Sea_LI was not

considered because of its poor quality of representation.

Figure 8: Representation of the correspondence analysis. The

colours are reported within rectangles and the types of area are rep-

resented with dots (blue: contribution higher than 14.3% (100/7),

light blue: contribution lower than 14.3% and red: poor representa-

tion in the dimensions).

Dealing with the interpretation of the vertical axis, it

may be associated to the type of tra�c. The pedestrian

areas are represented on the positive part of this axis,

whereas the areas with tra�c are located in the negative

part. In [4], the blue colour is associated to positive emo-

tions, such as calmness, quietness or restfulness, and grey

colour is associated to negative emotions, such as depres-

sions, confusion or sadness [23, 26]. Thus, the acoustic en-

vironment of the pedestrian areas nearby the sea andareas

within the park is mainly associated to blue colours, and

hence it may be associated with positive emotions, while

areas open to tra�c (nearby the sea and the interior ones)

are associated to grey colour, and hence to negative emo-

tions. The acoustic environment of the pedestrian areas

nearby the sea is strongly associated with blue colour in
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both dimensions, while the one of the areas nearby the sea

and open to tra�c is associated to grey colour, and weakly

correlated with blue.

The horizontal axis may be associated to the location

of the areas. The areas nearby the sea are represented in

the left side of this axis, whereas the areas away from the

sea are represented in the right one. The acoustic envi-

ronment of the areas nearby the sea is mainly related to

the blue colour, while the one of the areas away from the

sea is more related to green, yellow or red, independently

from the type of tra�c. The acoustic environment of the

park is strongly associated to yellow, red and green, and

weakly associated to blue. The green colour was reported

in other studies to have restorative e�ects [7], to generate

sensations of safety [53], or to create atmospheres that pro-

mote the creativity in individuals [33]. Thus, those charac-

teristics may be related to the acoustic environment of the

park. White and yellow were the most chosen colours in

a children’s play area within the park. White colour was

considered a positive colour, link to innocence, peace and

hope, and yellow was generally seen as a lively and ener-

getic colour, arising emotions such as happiness and ex-

citement [26]. Thus, these kind of emotions may be linked

to the acoustic environment of the children’s play areas.

Figure 9 shows the percentage of people who had cho-

sen a speci�c colour in each area. The comparison of the ar-

easnearby the sea (Sea_PE, Sea_LI andSea_TR)with those

away from the sea (Int_PE, Int_TR and Int_Park) shows

that the selection of blue colour is lower (in percentage)

in the latter areas. Because colours are perceived by the

sense of sight, the selection of a colour associatedwith the

soundscape may be related also with visual aspects. Thus,

in areas where the blue is predominant in the landscape a

high percentage of people often selected this colour. The

green selected for the areas limited to road tra�c may

be due to the presence of a small park in one of the two

such areas. However, in the areas away from the sea, green

colour was selected by a similar percentage of people, in-

cluding those interviewed in the park. Surprisingly, yellow

was the colour selected by the highest percentage of peo-

ple in the green areas.

3.3.2 Correspondence analysis between soundscape

and colours

The square root of the trace between soundscape quality

andcolours associated to the soundscapewas0.74, indicat-

ing a strong association between these two variables (χ2 =

142.31, p-value = 4.967e−12).

Figure 9: Percentage of people who had chosen a speci�c colour in

the six types of area under study.

Likewise in the previous section, correspondence

analyses was performed between the two variables (Fig-

ure 10). The �rst and second dimensions explain a high

percentage of the variance (82.1%). In particular, the �rst

dimension explained 58.1% of the variance, and the sec-

ond one 24.0%. The contribution of each colour to the to-

tal inertia was considered only for the colours with a per-

centage in the �rst or second dimension higher than 11.1%.

Thus, blue, brown, grey, red and yellow were considered,

as shown in Table 5.

Figure 10: Correspondence analysis between soundscape (SQ) and

colours associated to it. Blue dots represent the SQ ratings, red

triangles the colours with a contribution higher than the 11.1%, and

orange triangles those with a contribution lower than the 11.1%.

Dimension 1 is linked to positive soundscape ratings,

that is neutral (4) or positive scores (5, 6 and 7), located

on the left side of the X axis, while negative soundscape

ratings are on the right side. The highest positive ratings

(scores 6 and 7) are strongly associatedwith blue, the nega-

tive oneswith grey (scores 1, 2 and 3). Dimension 2 is linked

to the percentage of people who chose a speci�c colour.

Blue and grey colours are the ones chosenmost frequently

by people (36.2%and 20.5% respectively), whereas the per-
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Table 5: Dimension contribution and quality of the columns repre-

sentation (cos2).

Colours Dim1:

SQ

cos2 Dim2:

Percentage

of answers

cos2

Blue 24.8 0.91 11.1 0.08

Brown 1.1 0.09 30.9 0.53

Green 0.0 0.00 3.1 0.16

Grey 64.3 0.96 14.0 0.04

Light blue 6.1 0.59 3.7 0.07

Orange 1.9 0.39 2.6 0.11

Red 0.2 0.02 16.6 0.33

White 1.2 0.25 0.6 0.03

Yellow 0.4 0.07 17.4 0.64

centage of people who chose other colours was lower than

11%.

The worst represented colours were white, orange,

light blue, as obtained in the previous analysis, and green.

Peoplewhogave score 7 to the soundscape selectedmainly

blue colour (the contribution of blue is similar in both di-

mensions 24.8% and 11.1%), and it is much better repre-

sented in dimension 1 than in dimension 2 (cos2 0.91 vs.

0.08). Score 6 is also related with the selection of blue and

score 5 has low contribution on both dimensions. Score 4

is more related with red, yellow andweakly related to grey.

Score 1 is similarly associated to brown, yellow, red and

grey, while rating 2 is only associated to grey colour.

The quality of the presentation is quite high formost of

the ratings, being scores 2 and 7 the best represented ones,

with a value very close to 1. Score 5 is theworst represented,

with a quality of the representation of 0.43 in dimension 1

and 0.01 in dimension 2.

3.4 Multiple correspondence analysis

The results of multiple correspondence analysis per-

formed considering together the three variables taken into

account in the previous two correspondence analyses are

shown in Figure 11. Dimension 1 is associated with loca-

tion (near the sea or interior) and the type of tra�c, while

dimension 2 is linked to thenumber of peoplewho selected

a speci�c colour. Pedestrian areas nearby the sea are asso-

ciated mainly with blue and light blue colours and to the

highest soundscape scores. Grey colour is strongly associ-

ated with the lowest soundscape scores and areas open to

tra�c nearby the sea. The pedestrian areas away from the

sea are close to soundscape score 4, and to green and or-

ange colours. Brown is the colour nearest to the areas open

to tra�candaway from the sea andpresents a slight longer

distance to yellow, red and green. The soundscape score

3 is strongly associated with the areas open to tra�c and

away from the sea, while red, yellow, green, white and or-

ange are the nearest colours to the park, and soundscape

score 4 is the nearest.

Figure 11: Output of the multiple correspondence analysis.

4 Discussion

Because many researchers agree that the performance of

cognitive tasks improves when there is congruence be-

tween sound and colour [22, 45, 47], it should be advisable

for noise and soundscape maps to use colours matching

the features of sounds that they intend to represent in or-

der to make the maps more intuitively interpretable.

In the present study, in the areas by the sea, the blue

colour was predominantly chosen only when the sound-

scape was rated positive (scores 5-7), while when it was

rated negative, in the areas with road tra�c, although

many people chose blue colour, the predominant one was

grey, probably because it is associated to technology and

pollution and their potential negative e�ects on health.

In the areas by the seam it is likely that the landscape

colour has a strong in�uence on the colour selection, but

this pattern was not observed in all areas. For instance, in

green areas the colour associated to the soundscape by the

highest percentage of people was not green, as expected,

but yellow. In other interior areas, where ochre and yel-

lowish tones were predominant in the landscape, colours

with none orminimal presence in the landscape (blue, red,

green) were associated with the soundscape.

The results of this research show that people normally

select colours according to themain source that theyheard
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or thought to be heard despite its low sound level. For

instance, during the interviews the sound from the sea

was hardly to be heard from any of the locations; nev-

ertheless many people chose water as the predominant

sound source. Participants agree in the association of wa-

ter sounds with blue and tra�c noise with grey. How-

ever, when voices have a strong presence in the areas, the

outcomes show that participants select a wider range of

colours.

Correspondence analyses show that blue, grey, red

and yellow are colours represented with a satisfactory

quality in the model between soundscape and colours,

and in the one between soundscape and location. Green

was well represented in the correspondence analysis be-

tween location and colours, so it is associated with the lo-

cation. Brown colour was well represented in the analysis

between colour and soundscape, so it is only associated

with the soundscape rating.

Results show that there is association between colour

selected and location, as well as colour and soundscape.

That means that the colour associated by people to a

soundscape is not only linked to the acoustic environment

features, but to the way that people experience the acous-

tic environment in a speci�c place, according to the de�ni-

tion of soundscape given in the ISO 12913-1.

These outcomes reveal that the use of colours as addi-

tional descriptors of the soundscape provides supplemen-

tary visual and intuitive information about it and may be

useful especially for the representation of its spatial vari-

ability. The use of such colours in maps would be much

more intuitive for non-specialists in acoustics than nu-

meric indicators. In the last decade, community based

measurement techniques of environmental noise are grow-

ing due to the development and extensive use of mo-

bile technology [14, 24, 41, 60]. The screen size of mobile

phones is a limitation for the use of legends or explanatory

notes linked to environmental sounds applications. Thus,

the deployment of colours congruent with environmental

sounds may make these applications more intuitive and

user friendly.

5 Conclusions

The potential of using colours as additional parameter to

describe the soundscape has been investigated. The re-

sults show that colours add supplementary andmore intu-

itive information on soundscape to those provided by the

acoustic parameters.

Linear regressions models were used to compare the

capability of prediction of the soundscape quality of objec-

tive acoustic parameters and colours. The comparison of

the performance of both models show that colours can be

as good descriptors of the soundscape quality as acoustic

parameters.

Correspondence analyses were performed to evaluate

the relationship of each colour chosen by the interviewees

with the type of areas and the soundscape. In the stud-

ied context, the outcomes show that soundscape of areas

nearby the sea are always associated with the blue colour,

often associated to positive emotions such as calmness, re-

laxation or happiness [26], whereas the soundscape in ar-

eas away from the sea ismore relatedwith green, yellow or

red colours independently of the type of road tra�c. The

exclusion of the former colours from the linear regression

model predicted by colours may be due to the absence of

the variable position in the analysis. Thus, these colours

donot signi�cantly explain the varianceof the soundscape

rating in the whole study area, although they have a satis-

factory association with the soundscape quality in the in-

terior areas.

The areas nearby the sea and open to tra�c areaswere

also associated with the blue colour, probably because of

the in�uence of the visual elements on the sound percep-

tion, but also with the grey colour, associated to negative

emotions suchas sadness, depressionor confusion [23, 26].

In the areas away from the sea and open to tra�c a wider

range of chosen colours was observed and the percentage

of participants who selected grey colour was much lower

than in the areas nearby the sea and open to tra�c. The

di�erence on the colour selection between areas nearby

the sea and those far away, both with predominant road

tra�c noise, can be also appreciated in the ratings on the

soundscape. Areas nearby the sea and open to tra�c are

associated to the lowest scores (1 and 2), while those away

from the sea and open to tra�c are more linked to a low-

medium score (3). This may be due to the in�uence of the

coherence and expectations [8, 9, 55] on the soundscape.

People tend to give lower scores where the soundscape is

not coherent with the landscape or it does not match their

expectation.

The outcomes are interesting, especially considering

the potential of using colours as additional parameter to

represent the spatial variability of the soundscape in ur-

ban areas and to provide immediate and meaningful in-

formation for non-specialists. However, more research is

needed to evaluate the association of each colour with spe-

ci�c emotions associated to the acoustic environment.
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