
 

MAY NOISY SOUND ENVIRONMENTS BE IMPROVED BY 

ADDING PLEASANT WATER SOUNDS? 

 

Maria Rådsten-Ekman 

 

Two listening experiments were conducted to explore whether noisy 

sound environments may be improved by adding pleasant water 

sounds. In the first experiment, 15 listeners assessed 14 water sounds 

on eight attribute scales. The results revealed a large variability in 

perceived Pleasantness of the sounds. In the second experiment, 21 

listeners assessed road-traffic noise, water sounds and combined road-

traffic and water sounds. Results from Experiment 2 indicated that 

when a pleasant water sound (Sea) was added to the unpleasant road 

traffic noise it had a positive effect on the overall Pleasantness of the 

combined sound, whereas an unpleasant water sound (Waterfall) had a 

negative effect on the overall Pleasantness of the combined sound. 

Interestingly, the perceived Eventfulness of the sound environment 

increased when a water sound was added, irrespective of its 

Pleasantness. Thus, the results suggest that adding a pleasant water 

sound may improve the overall Pleasantness and at the same time, 

increase the Eventfulness of the sound environment, which may not be 

desirable if a calm or soothing environment is the goal. 

  

With growing city populations and increasing traffic, traffic noise is an increasing 

environmental problem. To create a good sound environment (or soundscape) in urban 

areas, traffic noise may be reduced by various types of noise mitigation methods, like 

noise barriers. However, in many situations, such solutions are impossible due to 

economic, traffic safety or aesthetic reasons (Kihlman, 2006). Furthermore, it’s not 

necessarily desirable to make an environment quieter in urban areas like city parks (De 

Coensel, Bottledooren & De Muer, 2003), if the environment can be made more 

acoustic pleasant for visitors. For example, Kang and Zhang (2009) found that people 

tolerate higher sound levels when they are exposed to a pleasant sound, suggesting that 

the source of the sound is more important than its sound pressure level.  

 

The most frequently discussed sound for increasing soundscape quality is sounds from 

water structures (Brown & Rutherford, 1994; Jeon et al., 2010; Yang & Kang, 2005). In 

urban parks, water sounds from fountains have been used in order to completely or 

partially mask the noise from road traffic (Brown & Muhar, 2004). A recent 

experimental study, using sound recordings from  of a city park in Stockholm, found 

that the loudness of traffic noise was partly masked by fountain sound at close distance 

from the fountain, that is, the masking sound (fountain) made the target sound (traffic 

noise) less loud but not inaudible (Nilsson, Alvarsson, Rådsten-Ekman & Bolin, 2009). 

The Nilsson el al. (2009) study only evaluated the loudness of sounds, it did not 
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measure qualitative aspects of the soundscape, such as perceived pleasantness. The 

present experiments complement this research, by exploring the potential of water 

sounds to improve the perceived quality of soundscapes.  

 

Technological sounds, such as noise from traffic or construction work are typically 

considered as unwanted, whereas natural sounds like water from a brook or a waterfall 

are considered wanted sounds (Kook, Jang, Song & Shin, 2008; Nilsson et al., 2009). 

Environments with a high proportion of natural sounds and a low proportion of human 

and technological sounds are typically perceived as calm or tranquil (Pheasant, 

Horoshenkov & Watts, 2007). Of course, different natural sounds may differ in how 

they are evaluated. For example, Watts, Pheasant, Horoshenkov and Ragonesi (2009) 

found differences in tranquility ratings between different water sounds. Natural 

sounding water was perceived more tranquil than water sounds that appeared man 

made. Watts et al. (2009) suggested that the natural sounding water had a distracting 

effect, diverting attention away from the background traffic noise, and this may have 

contributed to the perceived tranquility of the sounds. Jeon, Pyoung and You (2010) 

also showed that there is a difference in perceived preference for different kinds of 

natural water sounds. 

 

Environmental psychologists have shown that environments that include natural 

features such as vegetation and water tend to be more restorative (van der Berg, 2010; 

Hartig, Evans, Jamner, Davis & Gärling, 2003; Kaplan, 1995; Ulrich, 1984) and 

vitalizing (Ryan et al., 2010) than urban built environments. According to attention 

restoration theory (Kaplan, 1995), natural environments facilitates recovery from 

sensory overload, which may improve cognitive functioning (Berman, Jonides & 

Kaplan, 2008). Access to natural environments is also known to reduce stress (Ulrich, 

1991). Merely listening to nature seems to promote faster stress recovery (Alvarsson, 

Wiens & Nilsson, 2010). In general, people prefer natural environments over built 

landscapes (Bero, 2007; Matsuoka & Kaplan, 2007) and beautiful landscapes elicit 

positive emotions (Vining, 1983) which may reduce stress. Key features that influence 

scenic beauty, includes water from a river, brook or lake and groups of trees (Fumkin, 

2001). Preference for water and tree settings seems to be cross cultural (Herzog et al., 

2000).  

 

People’s descriptions of the environment often refer to affective attributes, like pleasant, 

annoying, relaxing and soothing. Russell and Pratt (1980) found that the affective 

meaning of environments was well described by a simple circumplex model of two 

bipolar dimensions. The first dimension was pleasant-unpleasant and the other arousing-

sleepy.  Västfjäll, Kleiner & Gärling, (2003) applied this model on sounds and their 

ability to elicit emotions. In agreement with Russell and Pratt (1980), Västfjäll et al. 

(2003) found that emotional descriptions of sounds could be arranged in a circumplex 

model with the two dimensions valence (pleasant-unpleasant) and activation (arousing-

sleepy).    
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A similar approach was taken by Axelsson, Nilsson & Berglund (2010) in a study on 

assessments of perceived soundscapes. They found that soundscape assessments can be 

organized in a circumplex model with the two dimensions Pleasantness and 

Eventfulness. This agrees with previous semantic differential studies of perceived 

soundscapes, which has found two main dimensions related to pleasantness and 

eventfulness (for a review, see De Counsel & Botteldooren, 2006). Obviously, the 

model suggested by Axelsson et al. (2010) closely resembles Russel and Pratt’s (1980) 

circumplex model. The difference being that Axelsson et al. (2010) focuses on 

descriptors of the object as such (i.e. the soundscape), whereas Russel and Pratt (1980), 

as well as Västfjäll et al. (2003) focused on the emotions that the object evokes in 

humans. 

 

Axelsson et al. (2010) found a consistent relationship between the Pleasantness and 

Eventfulness dimensions, and the type of sources in the soundscape. Soundscapes 

dominated by technological sounds, such as traffic noise, was found to be less pleasant 

than soundscapes dominated by natural sounds, such as water sounds. Eventfulness was 

most strongly related to the presence of sounds from human activity.  

 

Listening experiments in which participants’ rate sound environments in laboratory 

settings have previously been conducted (Jeon et al., 2010; Pheasant et al., 2007; Watts 

et al., 2009). Many of these studies include visual as well as auditory stimulus. For 

instance participants watch videos or photos of the rated sound environment. When 

visual and auditory signals are presented simultaneously subjects tend to respond to the 

visual input, ignoring the occurrence of auditory signals (Gifford & Fang, 1982; Hecht 

& Reiner, 2008; Lukas et al., 2009). Individual differences, like noise sensitivity, don’t 

seem to affect the visual-audio weighting (Gifford & Fang, 1982). 

 

To avoid visual intrusion of the rated sound environment, no pictures or videos were 

presented to the listeners in the present experiments, which focused entirely on the 

auditory aspects of the environment. The main purpose of the experiments was to see if 

adding wanted sounds to unwanted sounds may improve the perception of the quality of 

the soundscape. Specifically, the following questions were asked:  

 

Do different types of natural water sounds differ in perceived pleasantness? 

(Experiment 1) 

Do pleasant sounds improve the overall soundscape, when they are added to a non-

pleasant soundscape? (Experiment 2) 
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EXPERIMENT 1 

 

Method 

 

Experimental sounds 

Fourteen natural water sounds from BBC sound effect recordings (BBC, 1991) were 

selected (see Table 1). The water sounds were relatively free from intrusion sounds such 

as wind, birds and rustling leafs. Their true sound level was unknown, because the 

recordings of the sound effect disc were not calibrated. For this reason they were all set 

equal in sound pressure level, to 55 dB (LAeq).  

 

Table 1 experimental water sounds and dB levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equipment  

The listening experiment was conducted in a semi soundproof room and the sounds 

were presented through Sennheiser HD 600 headphones. Experimental sounds were 

presented using Microsoft’s Power Point software. 

 

Participants 

Fifteen persons participated in Experiment 1 (12 women and 3 men, mean age 26 

years). The participants were all students at the psychological institution and they were 

given course credits for their participation.  The participants hearing status was 

measured using an audiometer (Interacoustics Diagnostic Audiometer AD226, 

Hughson-Westlake method). The participants had a hearing thresholds lower than 25 dB 

in their best ear for all tested frequencies (0.125, 0.5, 1, 2, 3, 4, and 6 kHz).  

 

 

 

Sound id Water sounds dB (A) 

A Brook   55 

B Heavy rain   55 

C Rain on leafs   55 

D Rain on water   55 

E River Thames   55 

F Sea wash   55 

G Sea wash choppy   55 

H Sea cliff top   55 

I Stream large   55 

J Stream small   55 

K Stream down drain   55 

L Water down drain   55 

M Waterfall   55 

N Waterfall small   55 
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Procedure  

The 14 water sounds were presented three times for each sound in a random order.  In 

total the participants listened to 42 experimental sounds. The listeners could listen to the 

sounds as many times as they wanted by clicking an icon. Sound assessments were 

made using bipolar visual analogue scales (DeVellis, 2003), The scales referred to eight 

adjectives (see Table 2) describing sound environments (Axelsson et al, 2010). The 

scales were printed in a 42-page questionnaire, one page for each sound. The listeners 

assessed each attribute by making vertical mark somewhere along a 10 cm horizontal 

line, with the endpoints marked “Not at all… “ and “ Very…”. A ruler was used to 

measure each assessment on all scales.  

 

Soundscape measurements 

Scale values on the eight attributes varied from 0-10 corresponding to the distance from 

the zero point to the listeners mark on the visual analogue scales. In addition to 

calculating scale values on the eight attributes by averaging across listeners, values for 

two principle dimensions of soundscape perception were derived by adding scale values 

on the eight attributes using equation 1 and 2:  

 

 

Pleasantness= Pleasant – Annoying + (√1/2 × Exciting) – (√1/2 × Monotonous) +  

(√1/2 × Soothing) – (√1/2 × Chaotic),   

                                                                 (1) 

Eventfulness= Eventful – Uneventful + (√1/2 × Exciting) – (√1/2 × Monotonous) +   

(√1/2 × Chaotic) – (√1/2 × Soothing).  

                                                                                                                                                                     (2) 

 

The dimensions Pleasantness and Eventfulness and the relationship between these 

dimensions and the eight attributes follow from the circumplex model suggested by 

Axelsson et.al (2010), based on the result of an extensive experiment with 100 listeners 

assessing in total 50 soundscape recordings on 116 attribute scales. Equations 1 and 2 

are very similar to how Russel and Pratt (1980) and Västfjäll et al. (2003) derived scale 

values from their circumplex models.  

 

 

Result and Discussion 

 

The reliability of the assessments was calculated as the correlation between each 

individual’s first and third assessment of each sound. This intra-individual correlation 

varied between 0.36 and 0.74 (mean = 0.53). The correlation between individual scales 

was lower (mean = 0.4, range: 0.22 - 0.48). However, components analysis by 

individuals showed that all except two individuals loaded on the first component. No 

difference was found in the analysis with or without these individuals. It was therefore 

justified to include all listeners in the group analyses reported below.  



6 

 

 

Table 2. Mean (standard deviation) assessments (N = 15 listeners) of the eight attributes, 

separately for each sound.  

Sound Adjective  
Id pleasant chaotic exciting uneventful soothing annoying eventful monotonous 

A 6.6 (1.3) 4.2 (2.1) 4.5 (1.6) 3.8 (2.1) 5.8(1.7) 2.9 (2.0) 5.6 (1.1) 4.6 (2.3)  
B 6.9 (1.5) 3.9 (2.1) 5.0 (1.8) 3.5 (1.9) 6.5 (1.6) 2.5 (1.9) 5.8 (1.9) 3.7 (2.0) 

C 5.8 (2.1) 4.7 (2.5) 4.9 (1.9) 4.0 (2.0) 5.4 (2.3) 3.4 (2.0) 5.4 (2.2) 5.2 (2.5) 

D 6.0 (1.8) 4.4 (2.1) 4,5 (1.8) 3.4 (1.4) 5.7 (2.0) 3.0 (1.9) 6.1 (1.7) 3.6 (2.1) 

E 5.8 (1.9) 4.0 (2.2) 4.0 (1.4) 4.8 (1.7) 5.2 (1,7) 3.9 (1.7) 4.2 (1.7) 6.3 (1.8) 

F 8.1 (1.2) 2.6 (17) 5.1 (2.0) 3.0 (1.9) 8.1 (1.2) 1.2 (1.2) 6.3 (2.1) 2.9 (2.1) 

G  8.0 (1.1) 3.5 (2.3) 6.2 (2.0) 2.2 (1.2) 7.8 (1.4) 1.6 (1.2) 7.1 (1.4) 2.7 (2.3) 

H 6.0 (1.7) 4.6 (1.8) 5.1 (1.5) 3.3 (1.8) 5.4 (2.0) 2.7 (1.2) 5.9 (1.6) 3.9 (1.9) 

I 4.5 (1.6) 5.9 (1.2) 4.1 (1.6) 3.7 (1.5) 3.9 (1.9) 4.3 (1.6) 5.5 (1.9) 5.8 (1.9) 

J 5.3 (2.1) 3.9 (1.5) 3.9 (1.3) 4.9 (2.3) 4.7 (2.1) 4.1(1.5) 4.6 (2.3) 6.2 (2.0) 

K 4.7 (2.0) 6.0 (1.4) 4.9 (1.5) 3.0 (1.4) 4.0 (2.0) 4.2 (1.6) 5.9 (1.5) 5.1 (2.1) 

L 2.3 (1.8) 4.8(1.7) 2.2 (1.6) 5.2 (1.6) 1.7 (1.5) 6.6 (1.7) 3.9 (1.7) 6.8 (1.9) 

M 4.2 (2.4) 3.6 (2.4) 2.5 (1.4) 6.7 (2.4) 4.0 (2.6) 4.4 (2.4) 2.2 (1.4) 8.0 (1.1) 

N 4.3 (1.5) 5.5 (2.0) 3.0 (1.70) 5.0 (2.0) 2.92 (1.) 5.8 (1.9) 4.8 (2.4) 6.3 (2.4) 

 

 

Table 2 shows mean and standard deviation values of the eight adjectives used in the 

assessment of the water sounds. The wavelike sounds “Sea wash” (F) and “Sea wash 

choppy” (G) were the most pleasant sounds and they were also the most soothing and 

exiting sounds. The most disliked sound was “Water down the drain” (L), “Waterfall 

small” and (N) Waterfall (M), which were also assessed as the most monotonous 

sounds. 

 

Table 3 Mean (Standard deviation), Median, Max and Min values for the soundscape dimensions 

Sound Pleasantness Eventfulness 

Nr Mean (Sd) Median Min Max Mean (Sd) Median Min Max 

A 4.6 (5.5) 3.9 -5.4 12.8 0.7 (7.0) 0.9 -19.3 12.1 

B 7.2 (6.0) 7.2 -3.9 16.3 1.4 (5.6) 2.7 -10.7 9.35 

C 2.6 (8.7) 4.7 -16.6 14.0 0.6 (5.6) 1.4 -7.2 12.5 

D 4.6 (6.8) 3.6 -4.3 16.6 2.4 (4.1) 1.3 -4.2 9.7 

E 1.2 (6.4) 1.8 -11.4 10.4 -3.1 (5.8) -2.1 -14.2 7.9 

F 12.3 (4.3) 13.6  1.9 17.8 1.0 (6.4) 1.7 -17.2 6.3 

G 11.9 (4.9) 13.1  1.5 19.0 4.5 (5.2) 4.1 -2.6 16.4 

H 4.8 (5.8) 2.8 -3.1 15.4 2.9 (5.5) 2.0 -5.1 11.6 

I -2.5 (5.2) -2.5 -14.5 8.1 2.0 (6.1) 0.8 -7.1 17.8 

J -0.2 (5.7) -1.0 -9.5 13.8 -2.8 (7.3) -3.1 -19.0 14.5 

K -1.0 (6.3) -2.3 -11.1 11.0 4.2 (4.9) 4.6 -3.8 17.9 

L -9.6 (6.3) -10.1 -18.4 5.1 -2.4 (4.7) -0.2 -9.6 6.3 

M -3.8 (8.2) -5.2 -14.4 8.8 -8.7 (5.9) -9.4 -18.0 3.9 

N -5.8 (5.8) -5.7 -16.9 3.6 -0.8 (7.4) -3.0 -14.2 14.1 

 

 

Values on the two soundscape dimensions Pleasantness and Eventfulness were 

calculated using Equations 1 and 2. Table 3 shows statistics for the two dimensions and 

Figure 1 shows values in the postulated two-dimensional space. As expected, these 

results are completely consistent with the results of Table 2. That is, “Sea wash” was the 

most pleasant sound and “Water down the drain” the most unpleasant sound, and 



7 

 

Waterfall was the most uneventful sound whereas “Sea wash choppy” was the most 

eventful sound.  

 

 

 
 

Figure 1. Bivariate Scattergram split by sound, calculated using Eq. 1 and 2. The 

distribution of the 14 water sounds on the dimensions Pleasantness and Eventfulness. 

The unfilled circles represent the three water sounds (M, J & F) that were included in 

Experiment 2. 

The results showed that there was a considerable variation in Pleasantness between the 

water sounds despite equal sound levels and thereby similar loudness. In comparison, 

the variation in Eventfulness was limited. This may indicate that loudness is less 

important for Pleasantness than for Eventfulness.  

From the results of Experiment 1 three sounds were selected for Experiment 2: A highly 

pleasant (sound F, “Sea wash”) a moderately pleasant (sound J, “Stream small”) and an 

unpleasant (sound M, “Waterfall”) sound. “Sea wash” was selected because it was the 

most pleasant sound. “Stream small” was selected because it had a Pleasantness value 

in the middle of the scale (close to zero on the bipolar scale). Selection of a 

representative unpleasant sound was less straight forward. The Pleasantness scores of 

water would suggest sound L (“Water down the drain”) as the most unpleasant sound. 

However, this sound may give associations to drains or soars, which may affect the 

responses more than the quality of the sound. The two next most unpleasant sounds 

were both sounds from waterfalls (M & N). I choose sound M, to obtain a high variation 

not only in Pleasantness, but also in Eventfulness among the water sounds (M was the 

most uneventful of all the water sounds).  
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EXPERIMENT 2 

 

Method 

 

Experimental sounds 

Experiment 2 included 32 experimental sounds taken from different sound sources. 

Excerpts of the three water sounds evaluated in Experiment 1, a highly pleasant sound 

(“Sea wash”) a moderately pleasant sound (“Stream small”) and an unpleasant sound 

(“Waterfall”). These sounds were presented both alone and in combination with road 

traffic noise. The road traffic noise came from binaural recordings conducted in a rural 

part of Stockholm county (along the road Nynäshamnsvägen, close to the city 

Nynäshamn) at 5 distances from the road (10, 20,40,80 and 160 m). The traffic noises 

recorded at 20, 40 and 80 m from the road recordings were both presented alone and in 

combination with water sounds. Henceforth, the water sounds are called “Sea”, 

“Stream” and “Waterfall” and the road traffic sounds “Road-67dB”, “Road-61dB” and 

“Road-57dB”.  

In addition to these experimental sounds, a number of other soundscape recordings were 

used as stimuli. Fifteen of these were taken from a previous experiment (Axelsson et al., 

2010) and two were recordings from the same road as the experimental road-traffic 

noises, but recorded at 10 or 160 m distance from the road. The purpose of including 

these additional sounds was to mask the purpose of the experiment. In the following, 

these additional sounds are called filler sounds. Filler sounds varied between 49 and 71 

dB(A) which was comparable to the sound levels of the experimental sounds. 

The experimental sounds and their levels are listed in Table 4. Figure 2 shows their 

critical band spectra and time-histories. 

 

Table 4. Experimental sounds and their average A-weighted sound pressure levels (LAeq,30s)  

Id  Sound dBA Water dBA Traffic dBA Combined 

1, F* Sea  55 ----           55 

2, J* Stream 55 ----           55 

3, M* Waterfall 55 ----           55 

4 Traffic 20m ---- 67           67 

5 Traffic 40m ---- 61           61 

6 Traffic 80m ---- 57           57 

7 Sea wash and Traffic 20m 55 67           67 

8 Stream and Traffic 20m 55 67           67 

9 Waterfall and Traffic 20m 55 67           67 

10 Sea wash and Traffic 40m 55 61           62 

11 Stream and Traffic 40m 55 61           62 

12 Waterfall and Traffic 40m 55 61           62 

13 Sea wash and Traffic 80m 55 57           59 

14 Stream and Traffic 80m 55 57           59 

15 Waterfall and Traffic 80m 55 57           59 

* Sound id in Experiment 1 
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                       Critical band (Bark)                                     Time (s)          

  

Figure 2. Critical band spectra (left) and time histories (right) of the fifteen experimental 

sounds used in Experiment 2. Experimental sounds are presented in three groups 

illustrating combined sounds including: Sea (A), Stream (B) and Waterfall (C). Note 

that the spectra and time histories of the combined sounds (black line) move similar to 

the road traffic. 
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Equipment 

The traffic sounds were recorded using a binaural head and torso simulator (Brüel & 

Kjær type 4100), with two microphones (type 4190) and two pre-amplifiers (type 2669). 

One conditioning amplifier NEXUS (Brüel & Kjær type 2690 A 0S4) and a calibrator 

(Brüel & Kjær type 4231 plus adapter model 0997). A portable Dolch NPAC-Plus 

P111, with a 6-channel LynxTwo sound card stored the recordings with 24 bit 

resolution and 48 kHz sampling frequency using Sound Forge 7. Editing and mixing of 

experimental sounds was conducted using the same program. 

The laboratory setting was the same as for Experiment 1. 

Participants  

Twenty-one persons, 2 men and 19 women (average age = 27 y), participated in 

Experiment 2, none of which had participated in Experiment 1. The participants were 

recruited among psychology students, who received course credit or a small monetary 

compensation for their participation. The gender imbalance reflects the gender 

distribution of psychology students at Stockholm University. The participants hearing 

status was tested using the same method as in Experiment 1. All participants had 

hearing thresholds lower than 30 dB in their best ear for all the tested frequencies. 

 

Procedure  

Experiment 2 included 32 sounds presented 3 times, totally there was 96 experimental 

sounds divided in 3 experimental parts A, B and C. Three questionnaires were handed 

out one for each experimental part. Each questioner included 32 pages, one for each 

experimental sound. Both experimental parts and experimental sounds were in a random 

order. Otherwise, the procedure was the same as for Experiment 1. 

Soundscape measurements 

Perceived Pleasantness and Eventfulness of soundscapes were calculated in the same 

way as in Experiment 1 (Eq. 1 & 2). 

 

Results and Discussion 

The reliability was calculated as correlation between the first and third assessment of 

the same individual. This intra-individual correlation varied between 0.52 and 0.88 

(mean = 0.70). As expected, the inter-individual correlation was lower (mean = 0.57, 

range: 0.41 - 0.68). Components analysis by individuals showed that all but one 

individual loaded on the first component. No difference was found between analysis 

with or without this participant, so the group analysis reported below included all 

participants. 

Table 5 shows means (SD) of the eight attributes for singular and combined sounds. For 

the singular water sounds (1, 2 & 3) sound Id from Experiment 1 is shown in brackets 

(i.e F: “Sea”, J: “Stream”, M: “Waterfall “).Mean (SD), Median, Maximum and 
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Minimum values for the soundscape dimension Pleasantness and Eventfulness are 

presented in Table 6. 

 

Table 5. Means and standard deviations of adjectives on both singular and combined sounds  

Sound Adjectives  
Nr  pleasant chaotic exciting uneventful soothing annoying eventful monotonous 

I (F*) 8.9(1.0) 1.4 (1.3) 4.0 (2.4) 5.1 (2.7) 8.8 (1.0) 0.8 (0.8) 4.0 (2.5) 4.5 (2.7)  
2(J*) 6.7 (2.0) 3.2 (2.0) 3.4 (2.5) 6.0 (2.7) 6.0 (2.1) 2.5 (1.9) 3.6 (2.2) 6.1 (2.4) 

3(M*) 3.8 (2.1) 2.5 (2.0) 1.7 (1.7) 7.9 (1.9) 3.4(2.4) 4.9 (2.8) 1.7 (1.6) 8.3 (1.6) 

4 1.9 (1.6) 6.6 (2.1) 1.9 (1.4) 4.6 (2.1) 1.5 (1.5) 7.2 (1.7) 4.3 (2.0) 6.6 (2.0) 

5 3.0 (1.8) 4.4 (2.0) 2.0 (1.2) 5.2 (1.9) 2.6 (2.1) 5.6 (2.1) 3.9 (1.8) 6.2 (2.1) 

6 3.5 (2.0) 4.6 (2.2) 2.2 (1.3) 5.8 (2.1) 3.0 (2.2) 5.5 (2.3) 3.0 (1.9) 7.1 (1.5) 

7 2.4 (1.8) 7.4 (1.91) 3.0 (1.6) 3.4 (1.9) 2.3 (2.0) 6.9 (2.2) 5.0 (2.0) 5.3 (1.8) 

8 2.0 (1.5) 7.4 (1.5) 3.0 (1.6) 3.3 (2.1) 1.6 (1.4) 7.6 (1.5) 5.5 (2.1) 5.8 (2.4) 

9 1.2 (0.9) 7.4 (1.1) 1.9 (1.4) 4.5 (2.2) 1.0 (1.2) 7.8 (1.5) 4.2 (2.0) 6.4 (2.3) 

10 4.2 (2.1) 5.7 (2.1) 3.4(1.7) 3.9 (2.0) 3.4 (2.0) 5.8 (1.9) 4.8 (2.3) 5.3 (2.3) 

11 2.8 (1.3) 6.2 (1.4) 2.6 (1.2) 3.9 (1.7) 2.4 (1.6) 6.5 (2.0) 5.0 (2.0) 5.5 (2.3) 

12 2.3 (1.4) 5.6 (2.0) 2.1 (1.14) 4.9 (1.9) 1.8 (1.4) 6.6 (1.8) 4.3 (2.0) 6.2 (2.1) 

13 4.8 (1.9) 4.7 (1.9) 3.8 (2.0) 4.2 (1.7) 4.2 (2.0) 4.6 (2.1) 4.5 (1.9) 5.0 (1.9) 

14 4.0 (1.7) 5.2 (1.7) 3.0 (1.3) 5.1 (2.0) 3.4 (1.7) 5.2 (1.8) 3.9 (1.9) 6.0 (1.4) 

15 2.4 (1.5) 5.2 (2.1) 1.9 (1.4) 6.2 (2.1) 1.9 (1.6) 6.3 (2.0) 3.2 (1.8) 7.5 (1.5) 

* Sound Id in Experiment 1 

 

 

Table 6 Mean, Standard deviation, Median, Max and Min values for the soundscape dimensions 

Sound Pleasantness Eventfulness 

Nr Mean (SD) Median Min Max Mean (SD) Median Min Max 

1, (F*) 13.0(3.9) 13.5 7.5 20.0 -6.7(8.5) -5.1 -22.1 11.2 

2, (J*) 4.4(7.6) 4.8 -18.0 16.4 -6.4(8.4) -5.4 -21.2 8.1 

3, (M*) -5.1(7.6) -4.6 -19.0 12.4 -11.4(5.4) -12.3 -19.3 -1.0 

4 -12.2 6.2) -14.3 -21.2 -1.4 -0.0(6.3)  0.1 -12.7 11.6 

5 -6.5(6.5) -6.6 -17.8 5.3 -2.6(6.3) -1.7 -14.6 8.6 

6 -6.5(7.5) -6.8 -20.9 10.7 -5.1(5.8) -5.5 -15.5 6.8 

7 -9.7(7.2) -11.3 -18.6 6.7 3.4(5.6)  4,0 -6.5 14.4 

8 -11.7(5.4) -12.4 -18.3 1.1 4.3(6.6)  4.0 -7.9 17.5 

9 -14.2(4.4) -15.6 -19.6 -5.1 1.1(5.9) -0.2 -8.7 11.6 

10 -4.6(6.6) -5.6 -16.7 7.6 1.1(6.6)  2.6 -12.6 12.1 

11 -8.4(5.5) -9.6 -17.2 4.4 1.8(4.9)  2.5 -8.7 12.9 

12 -9.8(5.5) -11.4 -16.5 2.9 -0.9(5.7) -0,5 -14.9 8.3 

13 -1.1(6.8) -2.5 -11.9 9.9 -0.3(6.4)  0,4 -13.4 11.5 

14 -4.5(5.8) -5.4 -13.4 9.0 -2.0(5.2) -2.9 -10.3 10.5 

15 -10.5(5.9) -12.6 -17.9 3.1 -4.7(5.5) -5.1 -15.3 5.6 

* Sound id in Experiment 1 

 

Comparison of Table 2 and 5 reveals that water the sounds (presented alone) was 

assessed slightly different in Experiment 2 compared to Experiment 1. The single water 

sounds “Sea” and “Stream” increased in pleasantness. The largest increase was found in 

“Stream” from -0.2 in Experiment 1 to 4.4 in Experiment 2. “Waterfall” on the other 

hand decreased in pleasantness from -3.8 to -5.7. All water sounds decreased in 

eventfulness.  

 

An 2x3 Analysis of Variance (ANOVA) with Experiment (1 or 2) as between subject 

variable and Water sound as within subject variable found no significant effect of 
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experiment on Pleasantness. However, a corresponding ANOVA with Eventfulness as 

dependent variable found a significant effect of Experiment (F1.34= 6.386, p= 0.01). This 

might be due to the addition of filler sounds in Experiment 2. As seen in Figure 3, some 

filler sounds were highly eventful. This may have influenced the water sound 

assessments. This context effect (cf. Gescheider, 1997) may also reveal that the 

Pleasantness dimension is more stable than the Eventfulness dimension, which seems 

harder to relate to for the listeners.  

 

As seen in Table 6 and Figure 3, “Sea” was the most pleasant water sound, followed by 

“Stream” and “Waterfall” which was the least pleasant water sound. The most 

unpleasant singular sound was “Road-67dB”. “Road-61dB” and “Road-57dB” had 

about the same Pleasantness scores as “Waterfall” but they scored higher on 

Eventfulness.  The combined sound “Sea + Road 57dB” was moderately pleasant. With 

increasing dominance of road traffic in the sound combinations (i.e. Sea + Road 67dB 

and 61dB) the combined sounds decreased in Pleasantness but increased in 

Eventfulness. The combined sound “Stream+ Road traffic” follows the same pattern, the 

more road traffic dominance in the combination the more eventful the sound got and in 

the same time it got more unpleasant. This was also true for the sound combination 

“Waterfall+Road traffic” and the sound combination “Waterfall+ Road 67dB” was rated 

as the most unpleasant sound of all. 

 

The results for the two soundscape dimensions are presented in two figures. Figure 3 

visualizes how the experimental and filler sounds were organized in the postulated two 

dimensional space.  The singular water sounds was found as more pleasant and less 

eventful than the combinations. 
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Figure3.  Scattergram of Pleasantness versus Eventfulness of filler sounds and 

experimental sounds in Experiment 2. Filled symbols refer to combined sounds, open 

symbols to singular sounds, (squares = “Sea”, upwards triangles = “Stream”, circles = 

“Waterfall”, upside down triangles= “Road traffic”). Color indicates distance from the 

road (black = 67 dBA, dark gray = 61 dBA, light gray = 57 dBA). Unfilled small circles 

marks filler sounds.  

Figure 4 shows Pleasantness (left diagram) and Eventfulness (right) dimensions 

separately, in factorial plots to focus on the interaction between water sounds and traffic 

noise. The Pleasantness or Eventfulness of the singular water sounds are also indicated 

(at -∞ dB road traffic noise). 

 

For Pleasantness, the combined sounds (filled circle, triangle, or square) were less 

pleasant than the water sound heard alone (open circle, triangle, or square). The 

combinations of “Sea + Road” was more pleasant than road heard alone, indicating a 

potential for soundscape improvement by adding pleasant water sounds. Such an 

improvement was not seen for the other two water sounds.  

 

For Eventfulness, a different pattern emerged. The combined sounds (filled circle, 

triangle, or square) were more eventful than the water sound heard alone (open circle, 

triangle, or square), and equally or more eventful than the road-traffic noise heard alone 

(open diamonds). This suggests an additive principle for eventfulness, adding a water 

sound makes the soundscape more eventful. 
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A 4(water) x 3(traffic) within subject Analysis of Variance (ANOVA) was conducted 

with Pleasantness as independent variable. The ANOVA of Pleasantness showed that 

the main effects were statistically significant, road traffic (F2,40=65.4, p<0.001, η2 =0.77) 

and water F3,60=16.3, p<0.001, η2 =0.45), as was the interaction effect (F6,12=5.2. 

p<0.001, η2 =0.21).To see if the difference between the most pleasant sound 

combination and the most unpleasant sound combination was significant as close as 

20m from the road (Road 67dB) a post-hoc t-test was conducted. It revealed that there 

was a significant difference between the sound combinations (t20 = 3.6, two tailed 

p=0.05, d =0.63). The “Stream+Road” traffic combination was assessed as pleasant as 

road traffic presented alone indicating that “Stream” did not make the soundscape better 

or worse. The assessments on eventfulness (right) shows that the water+road traffic 

combinations were considered as more eventful than the water sounds alone.  

 

A corresponding ANOVA with Eventfulness as dependent variable revealed that there 

were two significant main effects, road traffic (F2.40=14.3, p<0.001, η2 =0.42) and water 

(F3.60=14.7, p<0.001, η2 =0.42) but no significant interaction effect (p=0.197, η2 =0.07). 

This confirms the additive nature of the eventfulness variable. 

 

 
Figure 4. Soundscape assessments on Pleasantness (left) and Eventfulness (right). 

Filled symbols refer to combined sounds, open symbols to singular sounds. 

(Squares=Sea, triangles= Stream, circles=Waterfall, diamonds= road traffic). The x-

axes indicate average sound pressure levels (dBA, LAeq,30s) of the singular traffic sound 

at 20, 40 and 80 meters distance from the road (-∞ dB indicates absence of road 

traffic). The largest and the smallest standard error are shown at the upper left corners 

of each diagram. 
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General discussion  

 

The results suggested that adding a pleasant water sound may increase the overall 

pleasantness of a sound environment dominated by road traffic noise. This was only 

found for the pleasant water sounds; adding an unpleasant water sound decreased the 

overall pleasantness of the soundscape. A different pattern was found for perceived 

eventfulness of the soundscape; adding a water sound tended to increase the 

eventfulness of the soundscape irrespective of type of water sound.  

 

The results support the idea that adding a wanted sound to an unwanted sound may 

improve the soundscape quality. At the same time, the results also show the importance 

of the sound source for perceived soundscape quality. There seems to be a tolerance for 

higher sound pressure levels when people are introduce to a pleasant sound (Kang & 

Zhang, 2009), which may be necessary if the aim is to reduce loudness from road 

traffic. Previous research have suggested that in order to reduce loudness from road 

traffic (partial masking) the masking sound needs to be approximately 10 dB higher 

than the target sound (Nilsson et al, 2010) . Further when a pleasant sound is introduced 

as a masker it could improve the soundscape (Yang & Kang, 2005). It should be noted 

that in the present study, no attempts was made to make the unwanted sound inaudible 

(complete masking) or less loud (partial masking).  

 

As expected, the effect of water sounds on soundscape Pleasantness depended on the 

pleasantness of the water sounds. The highly pleasant sound (“Sea”) was found to have 

the largest effect on soundscape Pleasantness in Experiment 2, when combined with 

traffic noise in all three combinations (67 dB A, 61 dB A, 57 dB A). The moderately 

pleasant “Stream” sound had no impact on the soundscape in the combinations, 

indicating that the overall assessment was determined solely by the unwanted sound 

(road traffic). Adding the unpleasant “Waterfall” sound made the perceived soundscape 

less pleasant than when it only contained road traffic noise. Thus, depending on which 

particular sound that is used, addition of water sound may increase, leave unchanged or 

even decrease the overall pleasantness of the soundscape.  

 

The results of Experiment 2 agree with the results of Jeon et al. (2010). They combined 

different kinds of natural sounds and noise coming from road traffic and construction 

sites, to determine if any of the natural sounds were effective as maskers of urban noise. 

They adopted the method of paired comparison to evaluate sound preference of natural 

sounds.  Similar to the results of this study, they found that waves (Sea) were among the 

most preferred water sounds when combined with traffic and construction noise and 

waterfall was among the least preferred sounds.  They also found that the sound of 

stream was considered as one of most preferred sound, whereas in the present study it 

was moderately pleasant, both presented alone and in combination with road traffic.  
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As observed in the present study, road traffic noise had a substantial impact on 

soundscape quality, the more traffic noise in the sound combinations the more 

unpleasant the sound was perceived and at the same time it was more eventful. Thus, 

although the results points to the possibility to improve soundscape quality by adding a 

wanted sound to an unwanted sound, the results also indicates that addition of pleasant 

water sounds may not be the appropriate method for soundscape improvement if a non-

eventful (soothing, calm) soundscape is the goal. 

 

Natural sounds like water sounds are typically considered as wanted (Lavandier & 

Defréville, 2006; Nilsson & Berglund, 2006). But Experiment 1 of this study showed 

that there was a considerable variability in how pleasant different kinds of water sounds 

were perceived. The “Waterfall” sound had a steady state sound character that reminded 

of the sound from larger jet-and- basin fountains which might make the soundscape 

quality worse. Further fountains or water installations with a stream like purling sound 

character, may not improve or change the perceived soundscape quality for the better. If 

it’s not possible to lower the sound levels from traffic noise in city areas, it might be 

possible to at least increase the overall soundscape quality by adding sounds that are 

considered as pleasant or relaxing for the visitors. Natural sounding water seems to 

draw people’s attention to the water sound, which distracts them from focusing on the 

traffic noise (Watts et al., 2009). The present study points out both possibilities and 

limitations in using natural sounding water to improve soundscape quality.  

 

Previous research has shown that natural environments have a restorative value that may 

help people to recover from sensory overload and stress (van der Berg. 2010; Hartig et 

al. 2003; Kaplan, 1995; Ulrich, 1991). There is however a lack of research that focusing 

on the restorative values of natural sounds without visual intrusion. Alvarsson et al. 

(2010) found that psychological recovery is faster during exposure to pleasant natural 

sounds. So it may be interesting to investigate if different types of natural sounds 

especially water sounds have different effect on stress recovery. The present results 

indicated that adding sounds increased (or at least not decreased) the Eventfulness of the 

soundscape. This dimension is similar to the Activation or Arousal dimension suggested 

in research on emotional responses to environments (cf. Russel, 1980). This suggests 

that care should be taken if the purpose of soundscape design not only is to increase 

pleasantness but also to create a non-arousing and restful environment. 

   

It should be noted that the participants in the present study were relatively young, future 

studies should include a broader age span and a more even gender distribution. The 

experiments was conducted in a laboratory setting, conducting a similar study in a 

natural environment may give different results. However rating of soundscapes in 

natural environments always includes intrusion of visual aspects, whereas the purpose 

of the present study was to assess auditory aspects only.  
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Conclusions  

1. Adding a pleasant water sound may improve the overall Pleasantness of a road-traffic 

noise polluted sound environment. At the same time, the Eventfulness of the soundscape 

is likely to increase, which may not be desirable if a calm or soothing soundscape is the 

goal. 

 

2. Assessments of Pleasantness and Eventfulness seem to obey different principles. The 

combined soundscape was assessed as less pleasant than the most pleasant component 

(water sounds), suggesting an averaging principle. In contrast an additive principle was 

suggested for Eventfulness. That is, the combined soundscape was assessed as more 

eventful than the Eventfulness of its components.  
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