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Abstract: There are similarities and differences between open public space soundscape evaluation in
different countries, mainly due to the influence of cultural background. This paper systematically
compares the effect of social-cultural context on soundscape of urban public open spaces in China
and Croatia. Eleven well-known and typical squares were selected. A series of questionnaire surveys
within the soundscape framework were carried out during the summer season, and gathered data were
analyzed. Principal component analysis (PCA) resulted in two principal components, eventfulness
and pleasantness, as notable soundscape factors. However, eventfulness is the major factor in China,
and pleasantness is the major factor in Croatia. In terms of environmental satisfaction, natural
condition is the major factor based on PCA. Urban condition is the second factor in China, however,
it is the third factor in Croatia. It is interesting to note that the physical environment is the most
important factor in Croatian inland and coastal places, which is different compared to Chinese places.
Visit purpose is the dominant factor associated with sound and environmental satisfaction. Natural
sound and children have mainly positive correlations to sound and environmental satisfaction
in China, whereas sounds of human activities have mainly negative correlations to sound and
environmental satisfaction in Croatia.

Keywords: soundscape; public open spaces; cross-national; soundscape framework

1. Introduction

Soundscape and acoustic satisfaction are important parts of overall physical environmental
satisfaction [1–4]. The study of urban soundscape [5–9], as well as of urban public open spaces [10]
has been very extensive. Throughout the soundscape research of public open spaces with different
functions and in different regions, the soundscape framework has been gradually established, in terms
of sound, space, people and environment [11]. The soundscape paradigm recognizes environmental,
social, and cultural significances and importance for a given community [12].

Noise pollution represents a major health problem for the modern world and reducing noise
exposure of inhabitants [13] would help avoiding the well-known health effects: sleep disorders [14],
learning impairment [15,16], hypertension ischemic heart disease [17,18] and risk for diabetes
annoyance [19]. Such noise exposure is generally produced by common source roads [20,21], railway
traffic [22], airports [23], and industrial plants [24]. A multivariate model has been developed to predict
the probability of invoking a high noise annoyance response due to combined water sound and road
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traffic noise exposure [25]. The influence of spatial contexts on soundscapes in urban spaces have
been explored [26,27]. In terms of sound and space within the soundscape framework, research on
combined sound sources [28–30] and their distribution related to spatial contexts have been carried out.

The evaluation of how sound influences people depends primarily on subjective response, rather
than merely being based on objective parameters [31]. Response to sound depends on the listener’s
mental, social and geographical relation to the sound source and its context [32]. Countryside
soundscape has been also studied through human preference [33]. The effect of demographic and
social factors on sound evaluation and perception in urban public open spaces have been studied as
well [10,34–36].

Considerable investigations have been carried out from the viewpoint of physical environment
influence on soundscape. Liu et al. [37] analyzed the effects of landscape factors on soundscape
perception in city parks. Jeon et al. [38] combined landscape, acoustics and light to investigate
perceptions of urban soundscape. They concluded that urban soundscapes can be characterized by
soundmarks, and soundscape perceptions are dominated by acoustic comfort, visual images and
daylight. Pheasant et al. [39] presented an optimal relationship between the soundscape and the visual
composition of a location for a “tranquil space”. Moreover, the audio-visual interaction and perception
of water features used to mask road traffic noise were examined [40,41].

Cross-national studies on soundscape perception in different regions have been conducted as well.
Kuwano et al. compared the sound quality [42] and emotional expression of various environmental
noise sounds [43] using semantic differentials in Japan, Germany, the U.S.A. and China. Comparisons of
semantic evaluation of noise with tonal components were conducted in Japan, France and Germany [44].
Responses to questionnaires of Arab and Turkish residents were compared for indoor soundscape
perception in residential spaces, in terms of cultural, social and habitual criteria [45]. The effect of road
traffic noise with horn sounds on annoyance evaluation between the Vietnamese and Japanese has been
examined [46]. The effect of socio-cultural context, including language, on soundscape assessments
in urban parks through laboratory experiments has been examined in France, Korea and Sweden as
well [47].

However, the integral studies of soundscape framework are still limited. Moreover, cross-national
comparisons have not been carried out systematically within the soundscape framework, which include
contexts of environment indicators, social/demographical factors and sound sources. The aim of
this paper is to focus on a cross-national comparison between two countries, based on soundscape
framework. More specifically, comparisons of general satisfaction, soundscape indicators, sound
satisfaction evaluation with integrated contexts of environment indicators, the effect of people
characteristics and sound sources on soundscape perception have been undertaken. Five cities and
eleven public open squares in China and Croatia were selected for comparison. Questionnaire surveys
have been used to study the subjective evaluations.

2. Materials and Methods

In terms of soundscape framework, environmental indicators, people and sound sources, which
form contexts for soundscape, influence the soundscape evaluation [12]. In this paper, subjective
satisfaction, environmental indicators, demographic and social factors of people, and sound sources
perception were investigated, after the sites were selected. The effects of contexts within the soundscape
framework were analyzed.

2.1. Sites

Two countries were selected for this cross-national comparative study: China in Asia and Croatia
in Europe. Croatia is one of the European countries whose economic development is close to China.
It has both inland and coastal cities, which are close to the latitude of inland and coastal cities in
northern China. Five cities were selected in China and Croatia for the field questionnaire survey and
comparative study. Those are all tourist cities, which enabled the inclusion of non-local participants in
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the questionnaire survey. Two inland cities were selected: Harbin as a typical and provincial capital city
in northern China, and Zagreb as the capital of Croatia, both located at about 45-degrees north latitude.
The other three coastal cities were selected: Huludao, as a typical and coastal tourist city in northern
China, and Biograd na moru and Zadar, as ancient and well-known cities in Croatia, all located at about
40-degrees north latitude. These cities have similar geographic locations, microclimatic conditions
(especially as this research was conducted during the summer period), and surrounding environment.

Eleven urban public open spaces in total were chosen, as shown in Table 1. Three inland squares
were selected in Harbin, namely the Square of Flood Control Monument, Zhaolin Park and the Square
of Gexin Church; three coastal squares in Huludao, namely the Square of Longwan Seaside, the Square
of Xingcheng Seaside and the Square of Dongdaihe Seaside; three inland squares in Zagreb, namely
Cvjetni Square, J. Jelacica Square and Bundek Park; one coastal square in Biograd na moru and the Riva
seaside location in Zadar. Those are all well-known sites and conveniently located. They have different
spatial shapes and are typical multi-functional urban open public spaces, including activities such as
tourism, relaxation, recreation, resident, culture, commerce, and sport. The squares are all conveniently
located and have abundant sound sources, such as natural sounds, human sounds, electronic sounds
and mechanical sounds.

Table 1. Basic information about the case study site.

Names of Sites Sites [Survey Areas in Grey] Square Images Main Functions

Square of Flood Control
Monument in Harbin,

China
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Table 1. Cont.

Names of Sites Sites [Survey Areas in Grey] Square Images Main Functions
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2.2. Questionnaire Survey

The comparative study was conducted through an on-site questionnaire survey during the summer
period, both in China and Croatia, with the same structure and context, in Chinese in China and in
Croatian (for domestic people) or English (for tourists) in Croatia. The respondents were asked about
their gender, age, education level, living place (local or non-local), visit frequency and visit purpose, as
shown in Table 2. A database was established with demographic/social information, including gender
(male and female); age (groups 18–24, 25–34, 35–44, 45–54 and 55–64); education level (primary, middle,
undergraduate and postgraduate); living place (local and non-local); visit frequency (first time, rarely,
sometimes, often and very often) and visit purpose (travel, leisure, passing by, working and other).

Table 2. Demographic and social indicators in the questionnaire, with their categorizations and scales.

Demographic and Social Indicators Categorization and Scale

Gender 1: male; 2: female
Age 1: 18–24; 2: 25–34; 3: 35–44; 4: 45–54; 5: 55–64

Education level 1: primary; 2: middle; 3: undergraduate; 4: postgraduate
Living place 1: local; 2: non-local

Visit frequency 1: first time; 2: rarely; 3: sometimes; 4: often; 5: very often
Visit purpose

To examine the relationship between overall satisfaction and environmental indicators satisfaction,
the evaluations of sound and other parameters were investigated, including temperature, light, wind,
air, health, odor, visual, urban planning, traffic and people. Linear scales were generally employed
in the questionnaire. A five-point scale was used for sound satisfaction, from −2 (very dissatisfied),
to 2 (very satisfied). A nine-point scale was employed for environmental satisfaction, from −4 (very
dissatisfied), to 4 (very satisfied), which enabled obtaining much more detailed responses. Respondents
were asked to evaluate sound environment and other environmental indicators, as mentioned above.
In the questionnaire, subjective descriptions were given together with the linear scale numbers.

Additionally, the differences of tranquility importance and soundscape descriptors between China
and Croatia in urban public open spaces were also examined. A five-point linear scale has been used
for tranquility importance, namely from −2 (not very important), to 2 (very important). Four pairs of
soundscape indices have been selected as soundscape factors of relaxation and communication [1],
namely unpleasant–pleasant, agitating–calming, boring–interesting and uneventful–eventful, and a
nine-point linear scale has been employed from −4 to 4.

To examine the relationship and differences between perceived sound and satisfaction evaluation,
the respondents were also asked to describe the noticed sounds they heard in public open spaces in
China and Croatia during the interview period. The sound sources were listed depending on each
of the case study sites, including natural sounds (water, wind and animals), human sounds (talking,
walking, selling and children), electronic sounds (broadcast, music and phone), and mechanical sounds
(traffic, horn sound and mechanical source). A five-point linear scale has been used, namely: 1, do not
hear at all; 2, a little; 3, moderately; 4, a lot and 5, dominates completely.

During the field questionnaire survey, there were a total of 706 respondents. All respondents were
selected randomly at the case study sites. The percentage of male was 53.9% and female was 46.1% in
China, compared to 47.8% of male and 52.2% female respondents in Croatia. The age of all respondents
was distributed from 18 to 64 years. People aged 18–34 years were the main respondent group in
China, around 63.7%, whereas the main respondent group in Croatia was aged 18–44 years, around
84.4%. In this research, there were less than 30 people older than 64 years of age in both countries that
participated in the questionnaire. Therefore, the results from this age group have been excluded from
this paper. The visit purposes were mainly leisure, passing by and traveling, both in China and Croatia.

2.3. Data Analysis

The software of Statistical Product and Service Solutions (SPSS) 18.0 was used to calculate statistical
parameters based on the collected data of questionnaire surveys in two countries. The main statistical
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methods used in this study include Spearman’s rho correlation analysis for detecting the relationship
among soundscape evaluation, environmental indicators, demographic and social factors, as well
as sound sources. Furthermore, principal components analysis (PCA) was used for soundscape
perception of indicators and overall environment evaluations of various environmental indicators.

3. Results

3.1. General Comparisons of Sound and Overall Environment Satisfaction Evaluation

Sound satisfaction and overall environmental satisfaction of coastal and inland spaces in China
and Croatia are shown in Figures 1 and 2. Figure 1 shows that 39.0% of respondents evaluated the
sound environment in China as 0 (neither unsatisfied nor satisfied), being the most frequent answer.
The average score is 0.21 of the scale from −2 to 2. Meanwhile, 54.9% of respondents evaluated the
sound environment in Croatia as 1 (satisfied), as the most frequent answer. The average score is
0.61 on the scale from −2 to 2. In Figure 2, it can be seen that 21.3% respondents rated the overall
environmental satisfaction in China as 0 (neither unsatisfied nor satisfied), as the most frequent
answer. The average score is 1.16 on the scale from −4 to 4. Meanwhile, 35.2% of respondents
evaluated overall environmental satisfaction in Croatia as 3 (very satisfied), being the most frequent
answer. The average score is 2.53 on the scale from −4 to 4 in Croatia. It can be concluded that the
satisfaction evaluation of sound and overall environment in Croatian places are better than those in
China. Further analysis shows that there are significant evaluation differences on sound (p < 0.01) and
overall environment (p < 0.01) between China and Croatia. The most probable reasons for that are the
effects of environmental indicators, demographic/social factors and sound sources, as the following
analysis shows.

Varimax-rotated component loadings of four soundscape descriptors divided between China and
Croatia are presented in Figure 3. For China, Factor 1 (49.4%) is mainly associated with agitating–calming
(marked as “A–C” in Figure 3), boring–interesting (B–I), and uneventful–eventful (U–E). Factor 2 (26.1%)
is associated with unpleasant–pleasant (U–P). This finding is similar to a previous study [48] in Korean
urban parks. By contrast, for Croatia, Factor 1 (35.3%) is mainly associated with unpleasant–pleasant
and agitating–calming. Factor 2 (32.8%) is associated with uneventful–eventful and boring–interesting.
The factors are mainly in correspondence with the findings in a previous study [49] for European
outdoor soundscape, in which study, three components of pleasantness, eventfulness, and familiarity
were found. It is interesting to note that the factors are the same, however, the order is different between
those two countries. The findings illustrate that semantic nuances in describing soundscape might be
different between different countries because of cultural background. They are largely organized in the
two varimax-rotated components of eventfulness (Factor 1) and pleasantness (Factor 2) for Chinese
outdoor soundscape, and pleasantness (Factor 1) and eventfulness (Factor 2) for Croatian outdoor
soundscape, respectively. From these results it can be concluded that Chinese people will like eventful
sound environments more than Croatian people.

Relationships among subjective satisfaction, tranquility importance and soundscape descriptors
are shown in Table 3. It can be seen that sound satisfaction is positively correlated with environmental
satisfaction both in China (p < 0.01) and in Croatia (p < 0.01). The importance of tranquility in public
open spaces is negatively correlated with sound environment evaluation in China (p < 0.05) and in
Croatia (p < 0.01), which means that the higher the requirement for environmental tranquility, the
worse the evaluation of sound environmental satisfaction. Meanwhile, the importance of tranquility is
negatively correlated with overall environmental evaluation in Croatia (p < 0.05), but not in China
(p > 0.05). It is interesting to note that people need tranquility, however, the correlation coefficient
between the tranquility requirement and sound environment satisfaction is much lower in China than
in Croatia. This is mainly because people have different priority criteria for environmental satisfaction.
The physical environment is the most important factor for satisfaction evaluation in Croatian inland
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and coastal places, which is different for Chinese places, as can be seen in the analysis of environmental
indicators in Section 3.2. Appl. Sci. 2020, 10, x FOR PEER REVIEW 7 of 21 
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Table 3. Average score and Spearman’s rho correlations between subjective satisfaction, tranquility
importance and soundscape factors.

Spearman’s Rho Correlations

Sound
Satisfaction

Environmental
Satisfaction

Tranquility
Importance Pleasantness Eventfulness

Sound satisfaction
China 1

Croatia 1

Environmental satisfaction
China 0.500 ** 1

Croatia 0.520 ** 1

Tranquility importance China −0.096 * 0.006 1
Croatia −0.221 ** −0.159 * 1

Pleasantness
China (Factor 2) 0.147 ** 0.277 ** 0.002 1

Croatia (Factor 1) 0.407 ** 0.493 ** −0.274 ** 1

Eventfulness China (Factor 1) 0.341 ** 0.298 ** −0.069 0.15 1
Croatia (Factor 2) 0.032 0.045 −0.012 −0.054 1

** Significant at p < 0.01 and * significant at p < 0.05.

The correlation results between subjective satisfaction and each soundscape factor in Chinese and
Croatian public open places are shown in Table 3. Pleasantness (Factor 2) and eventfulness (Factor 1)
for Chinese soundscape in public open spaces are positively related to sound satisfaction (p < 0.01)
and environmental satisfaction (p < 0.01). Pleasantness (Factor 1) for Croatian outdoor soundscapes is
positively related to sound (p < 0.01) and environmental satisfaction (p < 0.01), however, there is no
significant correlation between eventfulness (Factor 2) and sound or environmental satisfaction (p >

0.05). Meanwhile, pleasantness (Factor 1) for Croatian soundscape in public open spaces is negatively
related to tranquility importance (p < 0.01). This is mainly because sound sources might be constituted
by water, music and horn sound sources in China, which is different from Croatia, as can be seen in the
analysis of sound sources in Section 3.4.

3.2. Satisfaction of Environmental Indicators

As mentioned above, sound satisfaction is related to environmental satisfaction, therefore,
evaluation of environmental satisfaction was analyzed. In this study, questions were asked about
satisfaction of each of the following environmental indicators: sound, light, temperature, humidity,
air, wind, water, color, health, urban planning, odor, traffic and people in both countries. The results
are shown in Figure 4. The evaluation ranking of environmental satisfaction differs for each country.
Figure 4 shows that wind (average score 0.69) and color (1.13) are the highest indicators by score, and
health (average score 0.05) and humidity (0.41) are the lowest scores in China and Croatia respectively.
The standard deviations are relatively low compared to the mean value. Satisfaction evaluation of
environmental indicators in China is generally lower than in Croatia. The indicator of sound satisfaction
is ranked as the tenth and the ninth among the totally 13 indicators in China and Croatia respectively.
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By using the independent samples test, it can be seen that there are generally significant differences
(p < 0.01) between satisfaction evaluations in China and Croatia, except temperature, humidity and
wind (p > 0.05). In general, the physical environments are different in China and Croatia, however, in
summer, respondents’ satisfaction with thermal comfort is not very different. Correlation between
satisfaction of each environmental indicator and overall satisfaction is also studied. It can be noted that
indicators are positively correlated to overall environmental satisfaction (p < 0.01) as well as evaluation
of sound satisfaction (p < 0.01) both in China and Croatia. This mainly indicates the complexity
of satisfaction evaluation in urban open public spaces. Environmental indicators, such as physical,
urban and natural conditions, also influence satisfaction evaluation.

Factor analysis was used to analyze the relationship between overall environmental satisfaction
evaluation and subjective evaluation of various environmental indicators in China and Croatia
respectively. Varimax-rotated principal component analysis was employed to extract the orthogonal
factors from 13 environmental indicators. With the criterion factor of eigenvalue >1, factors are
determined as shown in Table 4.

Table 4. Factor analysis of environmental indicators.

Chinese spaces with Kaiser–Meyer–Olkin Measure
of Sampling Adequacy: 0.886; Cumulative: 62.0%.

Croatian Spaces with Kaiser–Meyer–Olkin Measure of Sampling
Adequacy: 0.808; Cumulative: 67.2%.

Factors Factors

Environmental indicators 1 (21.0%) 2 (20.6%) 3 (20.4%) 1 (21.3%) 2 (20.2%) 3 (14.5%) 4 (11.2%)

Sound 0.146 0.42 0.417 0.103 0.664 0.232 0.461

Light 0.200 0.317 0.661 0.206 0.667 0.114 0.385

Humidity 0.159 0.231 0.835 0.189 0.81 0.120 0.070

Humidity 0.159 0.231 0.835 0.189 0.81 0.120 0.070

Air 0.699 0.126 0.351 0.755 0.181 0.222 0.052

Wind 0.528 0.069 0.54 0.529 0.434 0.158 −0.396

Water 0.785 0.139 0.122 0.749 0.125 −0.108 −0.043

Color 0.685 0.316 0.178 0.717 0.081 −0.014 0.152

Health 0.671 0.423 0.045 0.754 0.116 0.185 0.391

Urban planning 0.403 0.638 0.222 0.171 0.208 0.179 0.786

Odor 0.336 0.616 0.216 0.377 0.094 0.575 0.336

Traffic 0.092 0.789 0.198 0.062 0.076 0.859 −0.009

People 0.183 0.762 0.224 −0.067 0.251 0.754 0.141

For China, Factor 1 (21.0%) is mainly associated with natural conditions, including water, air, color
and health. Factor 2 (20.6%) is generally associated with urban conditions, including traffic, people,
urban planning, odor and sound. Factor 3 (20.4%) is generally associated with physical environment,
including humidity, temperature, light and wind. Three factors cover 62.0% of the total variance,
which indicate the complexity in evaluating environmental satisfaction. For Croatia, Factor 1 (21.3%)
is mainly associated with natural conditions, including air, health, water, color and wind. Factor 2
(20.2%) is generally associated with physical environment, including temperature, humidity, light and
sound. Factor 3 (14.5%) is generally associated with urban conditions, including traffic, people and
odor. Factor 4 (11.2%) is associated with urban planning. Four factors cover 67.2% of the total variance.

It is interesting to note that the results of Factor 1 in China and Croatia are both generally associated
with natural conditions of overall satisfaction evaluation. However, Factor 2 in Chinese public open
spaces is mainly urban condition, which is generally similar to Factor 3 in Croatian public spaces.
Meanwhile, Factor 3 in Chinese spaces is mainly physical environment, which is generally similar
to Factor 2 in Croatian public spaces. Natural condition, physical environment and urban condition
cover together 60% of the total variance of overall environmental satisfaction, although there are some
differences in the order of the factors.

To examine the difference between inland and coastal public spaces in China and Croatia,
factor analysis was carried out based on four types of data separately, as shown in Table 5. For Chinese
inland spaces, three factors cover 64.1% of the total variance, where factor 1 relates to urban and
natural condition, factor 2 to physical environment, and factor 3 to thermal environment. For Chinese
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coastal spaces, three factors cover 62.4% of the total variance, where factor 1 relates to urban condition,
factor 2 to physical environment, and factor 3 to natural condition. As mentioned above, the factors are
generally similar to those in Table 4 for Chinese spaces, although the orders of the factors are different.

In Croatia, the first three and four factors cover 61.3% and 69.3% of the total variance, respectively,
in inland and coastal spaces, where factor 1 in both cases relates to physical environment and other
factors associated with natural and urban conditions. As mentioned above, the orders of the factors
are different, however, the factors are generally similar to those in Table 4 for Croatian spaces.

It must be noted that physical environment is the most important factor for satisfaction evaluation
in Croatian inland and coastal places, which is different from Chinese places. It can be concluded that
tranquility importance has a correlation with environmental satisfaction in Croatian places, as analyzed
in Section 3.1. Moreover, it seems that Factor 1 of Croatian places, which includes temperature and
light, is in correspondence with the finding by Yang for European places [34]. In Yang’s research, the
relationship between the overall physical comfort evaluation and the subjective evaluation in 14 urban
public open spaces of five European countries was examined. It was found that Factor 1, including
temperature, sunshine, luminance and so on, was the most important factor.

Table 5. Factor analysis of environmental indicators for inland and coastal places in China and
Croatia, respectively.

Chinese inland Spaces with
Kaiser–Meyer–Olkin
Measure of Sampling

Adequacy: 0.870;
Cumulative: 64.1%.

Chinese Coastal Spaces
with Kaiser–Meyer–Olkin

Measure of Sampling
Adequacy: 0.877;

Cumulative: 62.4%.

Croatian Inland Spaces
with Kaiser–Meyer–Olkin

Measure of Sampling
Adequacy: 0.822;

Cumulative: 61.3%.

Croatian Coastal Spaces with
Kaiser–Meyer–Olkin Measure of

Sampling Adequacy: 0.686;
Cumulative: 69.3%.

Environmental
indicators

Factors Factors Factors Factors

1
(25.9%)

2
(21.6%)

3
(16.6%)

1
(22.7%)

2
(20.7%)

3
(19.0%)

1
(22.7%)

2
(22.0%)

3
(16.7%)

1
(22.9%)

2
(18.3%)

3
(14.1%)

4
(14.0%)

Sound 0.142 0.730 0.039 0.452 0.358 0.145 0.541 0.168 0.529 0.842 0.095 0.072 0.285

Light 0.078 0.786 0.242 0.410 0.663 0.128 0.609 0.320 0.242 0.838 0.157 −0.002 0.190

Temperature 0.172 0.222 0.902 0.247 0.812 0.117 0.818 0.105 −0.066 0.740 0.222 0.260 −0.123

Humidity 0.242 0.200 0.868 0.272 0.838 0.115 0.874 0.201 0.057 0.699 0.083 0.300 0.095

Air 0.419 0.604 0.165 0.110 0.356 0.712 0.280 0.550 0.396 0.197 0.766 0.100 0.303

Wind 0.332 0.665 0.252 −0.002 0.607 0.510 0.718 0.117 0.159 0.045 0.716 0.223 −0.035

Water 0.524 0.444 0.148 0.151 0.096 0.793 0.412 0.582 −0.019 −0.055 0.444 −0.097 0.629

Color 0.493 0.453 0.371 0.398 0.090 0.658 0.163 0.77 −0.101 0.132 0.774 −0.076 0.078

Health 0.659 0.390 0.197 0.523 0.028 0.615 0.174 0.816 0.261 0.293 0.608 −0.030 0.507

Urbanplanning 0.720 0.244 0.253 0.669 0.237 0.316 0.055 0.559 0.316 0.417 0.049 0.092 0.824

Odor 0.716 0.315 −0.153 0.609 0.35 0.252 0.125 0.631 0.504 0.016 0.086 0.739 0.469

Traffic 0.778 −0.058 0.251 0.747 0.199 0.080 0.012 0.224 0.748 0.151 0.111 0.784 −0.176

People 0.616 0.214 0.297 0.771 0.162 0.178 0.100 0.033 0.806 0.428 −0.036 0.656 −0.012

3.3. Effect of Demographic and Social Factors

Demographic and social factors of users may play an important role in environmental evaluation,
especially in soundscape evaluation [12]. The result of sound satisfaction for Chinese and Croatian
respondents in terms of gender, age, living place, education, visit frequency and visit purpose is shown
respectively in Figure 5. As for gender, female respondents have a little higher evaluation score than
male in both countries, with an average score for sound satisfaction 0.25 and 0.64 for female, and
0.17 and 0.56 for male respondents in China and Croatia respectively. As for age, respondents of
55–64 years old in Croatia rated their sound satisfaction (average score of 1.17) higher than other age
groups (excluding age group of older than 64). This result is also consistent with Yang [34]. Contrary
to Croatia, respondents 55–64 years old in China evaluated their sound satisfaction (0) lower than
other age groups (excluding age group of older than 64). As for education, Chinese respondents
with secondary education and above have similar sound satisfaction (0.14), which is lower than the
group with primary education (0.91). In Croatia, respondents with postgraduate education have the
slightly lowest evaluation of sound satisfaction among groups of education (0.48). As for living places,
non-local residents has a little higher evaluation score (0.39 and 0.66), than that of local people (0.09
and 0.58) for local people in China and Croatia respectively. As for visit frequency, for Chinese places,
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people who visit public spaces very often have the lowest evaluation of sound satisfaction (−0.22);
meanwhile, people who visit public spaces for first time have the highest score (0.63). For Croatian
places, respondents who visit spaces rarely have the lowest evaluation (0.36). As for visit purpose,
in both countries, the score is the highest for the purpose of travelling among all the groups, with
scores 0.53 and 0.79 in China and Croatia respectively. The lowest satisfaction evaluation was given by
the group of passing by in China (−0.02), and the group of other purpose in Croatia (0.39). The reason
could be that people did not feel involved in open public spaces.

The relationship and significant differences of sound satisfaction, overall environment satisfaction,
soundscape indicators, and importance of tranquility with demographic and social factors are examined
respectively as shown in Table 6, and the related demographic/social factors are listed from high to low
in terms of correlation coefficients. It is demonstrated that sound satisfaction is significantly related
to visit purpose for China (p < 0.01) and Croatia (p < 0.05) respectively. Meanwhile, it is related to
overall environmental satisfaction for both countries. This is mainly because visitors felt fresh and
involved for the first time. Moreover, it seems that the result is similar to the finding by Meng and
Kang [50]. In Meng’s research, the acoustic comfort of visitors is higher than that of citizens in Chinese
urban open public spaces. Additionally, visit purpose is also correlated with overall environmental
satisfaction in China (p < 0.05) and Croatia (p < 0.01) respectively. Moreover, the result is similar to
the finding by Jiang [51]. In Jiang’s research, travelers’ participation in natural soundscapes could
improve the evaluation of travel satisfaction, and people who were travelers were more satisfied with
soundscapes than people that had other purposes of visiting these spaces.
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Figure 5. The sound satisfaction in terms of demographic and social factors for gender, age, living
place, education, visit frequency and purpose.

Visit frequency is negatively correlated with evaluation of sound satisfaction (p < 0.01) in China.
It means that the more visits undertaken, the lower the evaluation of sound satisfaction in China.
However, there is no significant correlation between visit frequency and sound satisfaction (p > 0.05) in
Croatia. There are significant differences between local and non-local residents for sound satisfaction
in China (p < 0.05) and for environmental satisfaction in Croatia (p < 0.05). Additionally, education is
negatively correlated with environmental satisfaction (p < 0.01) both in China and Croatia. There is no
significant difference in terms of sound satisfaction for gender (p > 0.05) either in China or Croatia,
which is consistent with other research papers on subjective sound satisfaction [31,34].

In terms of pleasantness and eventfulness, for Chinese places, age group (excluding age group of
older than 64) is positively correlated with pleasantness (p < 0.01), and visit frequency is negatively
correlated with eventfulness (p < 0.01). For Croatian places, visit frequency is positively with
pleasantness (p < 0.01), and age group (excluding age group of older than 64) is positively correlated



Appl. Sci. 2020, 10, 960 12 of 19

with eventfulness (p < 0.01). There are significant differences between local and non-local residents for
eventfulness in Croatia (p < 0.01), and for pleasantness both in China and Croatia (p < 0.01).

Table 6. Spearman’s rho correlations between subjective satisfaction, tranquility importance as well
as soundscape factors, and demographic/social factors of gender, age, education, living place, visit
frequency and visit purpose.

Sound Satisfaction Environmental Satisfaction Pleasantness Eventfulness Importance of Tranquility

China Visit purpose
(−0.190 * *)

Visit purpose
(−0.107 *)

Age

(0.161 * *)

Visit frequency
(−0.146 * *)

Education
(0.274 * *)

Visit frequency
(−0.140 * *)

Education
(−0.091 *)

Living place
(0.104 *)

Visit frequency
(−0.157 * *)

Living place
(0.124 *)

Visit purpose
(−0.100 *)

Croatia Visit purpose
(−0.158 *)

Visit purpose
(−0.335 * *)

Living place
(0.207 * *)

Living place
(−0.259 * *)

Visit frequency
(−0.177 *)

Education
(−0.191 *)

Visit frequency
(0.167 *)

Age
(0.166 *)

Age
(0.158 *)

Living place
(0.169 *)

Visit purpose
(−0.148 *)

Visit purpose
(0.153 *)

Living place
(−0.148 *)

** Significant at p < 0.01 and * significant at p < 0.05.

Table 6 also shows the correlations between importance of tranquility and respondents’
characteristics. It is interesting to note that visit frequency is negatively correlated with demand for
tranquility both in China (p < 0.01) and Croatia (p < 0.05) respectively, and visit purpose is correlated
with demand for tranquility both in China and Croatia (p < 0.05). Meanwhile, in China, the level of
education is positively correlated to the need for tranquility (p < 0.01). In other words, the higher the
level of education, the higher the need of tranquility in open public spaces. In Croatia, age is positively
correlated to the need for tranquility (p < 0.05), and living place has significant difference in their
demand for tranquility (p < 0.05). It is illustrated that visit frequency and purpose are the factors to
influence the need for tranquility in both China and Croatia.

3.4. Effect of Sound Sources

The results of sound sources perception in China and Croatia are shown in Figure 6. This reveals
that the constitution of sound sources is mainly different between China and Croatia. The sound
sources of talking and children are the most perceived, with average score 3.67 in China and 3.75 in
Croatia for talking, and 3.35 in China and 3.33 in Croatia for children. In China, sound sources of music
(3.08) and water (3.03) are more likely to be perceived. Compared to China, walking (3.07) and music
(2.61) are also perceived in Croatia, but less than in China. It can be noted that horn sounds (2.37)
and mechanics (2.02) have been perceived in China, whereas they are proportionally less perceived in
Croatia. Significant differences between sound sources perception in China and Croatia have been
analyzed. The sound sources of water (p < 0.01), wind (p < 0.01), animals (p < 0.01), walking (p < 0.01),
selling (p < 0.01), music (p < 0.01), horn sound (p < 0.01) and mechanical (p < 0.01) have significant
differences between China and Croatia.

By carrying out Spearman’s rho correlation test, the relationship between subjective satisfaction
and each sound source are examined, as shown in Table 7. It can be seen that there are correlations
between satisfaction and different sound sources both in China and Croatia. Based on the analysis of
constitution of sound sources in Chinese public open spaces, the main sound sources, water (p < 0.01),
wind (p < 0.01), and children (p < 0.05) have positive correlations with evaluation of sound satisfaction,
however, music has a negative correlation with sound satisfaction (p < 0.01). In Croatian places, main
sound sources, walking (p < 0.01) and talking (p < 0.05), have been negatively correlated with sound
satisfaction, while traffic, with a score of 2.60, and broadcast, scored on average 2.41, have negative
correlations as well (p < 0.05). It can be seen that natural sounds have positive correlation with sound
satisfaction, especially in China. The result is consistent with other research [52], which indicated that
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natural sounds were related to positive perceptions of the urban soundscape. It is also illustrated that
human sounds are the main factors to influence sound satisfaction in Croatia.
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Figure 6. Sounds perception of interviewees’ perceived sources (a) in China and (b) in Croatia.

Table 7. Spearman’s rho correlations of each sound source and subjective satisfaction, as well as
perceived soundscape factors.

Sound Satisfaction Environmental Satisfaction Pleasantness Eventfulness

China Water (0.201 **) Music (−0.189 **) Animals (−0.185 **) Animals (0.181**)
Music (−0.189 **) Water (0.180 **) Selling (−0.161 **) Music (−0.112 *)
Wind (0.175 **) Horn sounds (−0.168 **) Horn sounds (−0.160 **) Wind (0.090 *)

Animals (0.135 **) Wind (0.156 **) Traffic (−0.137 **)
Children (0.113 *) Traffic (−0.131 **) Broadcasts (−0.134 **)

Talking (0.119 **) Water (0.113 *)
Animals (0.113 *) Electronics (−0.109 *)
Children (0.111 *) Walking (−0.095 *)
Selling (−0.092 *)

Croatia Walking (−0.233 **) Walking (−0.341 **) Talking (−0.397 **) Horn sounds (−0.229 **)
Talking (−0.188 *) Water (0.288 **) Walking (−0.312 **) Mechanics (−0.194 **)

Electronics (−0.161 *) Talking (−0.211 **) Broadcasts (−0.277 **) Talking (0.186 **)
Broadcasts (−0.152 *) Wind (0.190 *) Traffic (−0.242 **) Wind (−0.173 *)

Traffic (−0.149 *) Animals (0.179 *) Children (−0.197 **) Water (−0.163 *)
Broadcasts (−0.179 *) Music (−0.184 *)

Selling (−0.166 *)

** Significant at p < 0.01 and * significant at p < 0.05.

It was found that water (p < 0.01), wind (p < 0.01), talking (p < 0.01) and children (p < 0.05),
which are the main sound sources in China, are positively related to environmental satisfaction.
Similarly, water (p < 0.01) and wind (p < 0.05) are positively related to environmental satisfaction in
Croatia. However, walking (p < 0.01) and talking (p < 0.01) are negatively related to environmental
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satisfaction in Croatia. This illustrates the fact that natural sounds have a positive correlation with
overall environmental satisfaction in both China and Croatia. The responses from users show an effect
of satisfaction on preference elements, and this finding corresponds with research [53], which indicated
that the presence of elements of preference, not necessarily just sonic but also visual, help to change
perception and thus the local soundscape. For Croatian spaces, human sounds and activities have
negative correlations with environmental satisfaction. Additionally, it is interesting to note that music
has a negative correlation with subjective satisfaction in Chinese places. The reason for that could be
that the sound is too loud and the music is mainly related to square dancing, thus having a special
character. It is different with a previous study of soundscape evaluation for square dance in the Chinese
urban park [54], which indicated that square dance had no significant effect on soundscape evaluation.
This is probably due to the fact that the visitors are present in open public spaces and urban parks with
different purposes.

To investigate the relationships between perceived soundscape factors and sound sources,
Pearson’s correlation coefficients between these variables are also presented in Table 7, and the related
sound sources are listed from high to low in terms of correlation coefficients. Most sound sources
are mainly associated with pleasantness both in China and Croatia. Perceived dominance of traffic
(p < 0.01) and horn sounds (p < 0.01) have negative correlation coefficients with the pleasantness
scores for Chinese places. Perceived dominance of talking (p < 0.01) and walking (p < 0.01), as human
activities sounds, have negative correlation coefficients with the pleasantness scores for Croatian
places. Other perceived human activities sound, such as children (p < 0.01) and selling (p < 0.05),
and artificial sounds, such as music (p < 0.05) and traffic sound (p < 0.01), are also negatively related to
the pleasantness scores for Croatian places. The result of correlation between traffic and pleasantness
scores is similar to a previous study [47] done in France, Korea and Sweden. Differently, talking and
walking are more related to pleasantness than traffic sound in Croatia.

Weak correlations were found between the perceived dominance of music (p < 0.05) and
eventfulness scores in China. Human sound, such as talking (p < 0.01), is positively related to
eventfulness scores, however, natural sounds, such as wind (p < 0.05) and water (p < 0.05), are
negatively related to eventfulness scores in Croatia. It is found that different types of sound sources
affect soundscape quality in China and Croatia. The results correspond to previous studies [55,56], which
indicated that human activities sound and water were associated with eventfulness of soundscape.

The relationships between each of the social/demographical factors and sound perception factors
were analyzed based on non-parametric test and Spearman’s rho correlation analysis. The results are
shown in Table 8. They indicate that, as for gender, there are significant differences of perceived sound
sources for wind (p < 0.05) and horn sounds (p < 0.05) in China, and natural sounds, such as water
(p < 0.01) and wind (p < 0.05), in Croatia. It was reported that limited effects of gender on soundscape
perception exist [37], however, it can be seen that females were more sensitive than males to some
sound sources, especially for Croatian places in this research. As for age group (excluding age group
of older than 64), in China, age is negatively correlated to perceived dominance, such as horn sound
(p < 0.01) and traffic (p < 0.05). By contrast in Croatia, there is a negative correlation to sounds from
human activities, such as walking (p < 0.01), talking (p < 0.01), and children (p < 0.01). As for education,
in China, there is a negative correlation to perceived dominance sound from water (p < 0.01) and wind
(p < 0.05), and positive correlation to traffic (p < 0.01) and horn sound (p < 0.01). Education shows
no significant relationship with any sound source in Croatia, except animal sound (p < 0.05). As for
living place, there are significant differences for natural sounds both in China and Croatia. This finding
indicates that travelers would perceive positively more natural sounds than local people. Interestingly,
local people are more sensitive than travelers to artificial sounds, such as music (p < 0.01), traffic
(p < 0.01) and horn sounds (p < 0.05) in China, and to talking (p < 0.01) in Croatia. As for visit frequency,
in China, it is positively related to three kinds of sound sources, such as walking (p < 0.05), traffic
(p < 0.05), and artificial sounds, such as broadcasts (p < 0.05), music (p < 0.01), electronics (p < 0.05).
In the same time, it is positively related to electronics (p < 0.05), mechanics (p < 0.05), and horn sounds
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(p < 0.05) in Croatia. The result is similar to a previous study [57], which indicated that in Chinese city
park, visit frequency is positively related to five kinds of sounds, especially to live music. Visit purpose
is negatively related to natural sounds, especially water sounds (p < 0.01) both in China and Croatia,
which indicates that people who are travelers are much more sensitive to water. Music (p < 0.01), horn
sounds (p < 0.01), walking (p < 0.01) and traffic (p < 0.05) sounds are much more noticed by people
who have other activities in Chinese places. Sound from human activities, such as talking (p < 0.01)
and walking (p < 0.05), are more likely to attract attention in Croatian places. The result is consistent
with another research [58], which examined the relationship between people’s visit motivation and
soundscape experiences in terms of the perceived occurrences in Germany.

Table 8. Non-parametric test and Spearman’s rho correlation of perceived sound sources and
demographic / social factors of gender, age, education, living place, visit frequency and visit purpose.

Gender Age Education Living place Visit frequency Visit purpose

China Wind
(−0.098 *)

Selling
(−0.206 **)

Water
(−0.187 **)

Music
(−0.248 **)

Music
(0.219 **)

Music
(0.247 **)

Horn sounds
(−0.094 *)

Mechanics
(−0.148 **) Traffic(0.168 **) Water

(0.214 **)
Walking
(0.107 *)

Water
(−0.245 **)

Horn sound
(−0.121 **)

Horn sound
(0.161 **)

Traffic
(−0.145 **)

Electronics
(0.106 *)

Wind
(−0.190 **)

Electronics
(−0.118 **)

Mechanics
(0.117 *)

Wind
(0.122 *)

Broadcasts
(0.094 *)

Horn sounds
(0.155 **)

Traffic
(−0.115 *)

Selling
(0.110 *)

Animals
(−0.118 *)

Traffic
(0.091 *)

Walking
(0.152 **)

Talking
(−0.093 *)

Wind
(−0.096 *)

Horn sound
(−0.114 *)

Traffic
(0.111 *)

Animals
(−0.092 *)

Croatia Electronics
(0.254 **)

Walking
(−0.289 **)

Animals
(−0.186 *)

Water
(0.319 **)

Electronics
(0.190 *)

Water
(−0.283 **)

Mechanics
(0.220 **)

Talking
(−0.271 **)

Wind
(0.250 **)

Mechanics
(0.184 *)

Talking
(0.196 **)

Water
(0.219 **)

Children
(−0.193 **)

Mechanics
(0.230 **)

Horn sound
(0.150 *)

Walking
(0.164 *)

Animals
(0.180 *)

Talking
(−0.211 **)

Wind
(0.156 *)

Selling
(0.197 **)

Selling
(0.155 *)

Horn sounds
(0.179 *)
Animals
(0.155 *)

** Significant at p < 0.01 and * significant at p < 0.05.

4. Discussion and Conclusions

Based on questionnaire surveys and statistical analysis of 11 urban open public spaces in China
and Croatia, the comparisons of relationships between subjective satisfaction, as well as soundscape
factors, demographic/social factors and perceived sound sources, related to the soundscape framework,
have been shown. In terms of general comparisons, there are significant differences between China and
Croatia. The satisfaction evaluation of sound and overall environment in Croatian places are better
than those in China. It can be seen that sound satisfaction is positively related with overall satisfaction.
Pleasantness and eventfulness are both soundscape factors, however, the order is different for those
two countries. The semantic nuances in describing soundscape would indicate the cultural difference
between different countries. The importance of tranquility in Croatia is negatively correlated with
overall environmental evaluation, however, not in China.

In terms of environmental indicators, evaluation of environmental indicators in China is generally
lower than that in Croatia. There are significant differences between satisfaction evaluations of
environmental indicators, except for the thermal environment indicator. Sound satisfaction is positively
related to overall satisfaction. In terms of subjective evaluation on overall environmental satisfaction,
natural condition, urban condition and the physical environment are the main factors to evaluate
satisfaction both in China and in Croatia, although the orders of the factors are different. It is interesting
to note that the physical environment is the most important factor for satisfaction evaluation in Croatian
inland and coastal places, which is different for Chinese places. This might explain why tranquility
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importance is associated with Croatian environmental satisfaction, not with Chinese. In other words,
tranquility areas are more likely to be considered for construction in Croatia.

In terms of demographic and social factors, visit purpose is the dominant factor, which correlated
with sound and overall environmental satisfaction both in China and Croatia. Visit frequency and
living place are associated with sound satisfaction in China, not in Croatia. Education is negatively
correlated with overall environment satisfaction both in China and Croatia. Visit frequency, age and
living place are correlated with pleasantness and eventfulness of soundscape factors in China and
Croatia. Visit frequency and purpose are common factors in the tranquility importance both in China
and Croatia. It demonstrates that functions of urban open public space should be considered as an
important context for soundscape design [55]. No significant difference was found between males
and females both in China or Croatia on soundscape evaluations. Additionally, in China, the level of
education is positively correlated to the need for tranquility, and in Croatia, age is positively correlated
to it. In other words, the functions of open public spaces and people’s characteristics and activities
should be considered for the acoustic environment and tranquility design in both countries, especially
for the main purpose of traveling.

The perception of sound sources has mostly significant differences between China and Croatia.
The natural sounds and children have positive correlation with evaluation of sound satisfaction in
China; however, music has negative correlation mainly because of square dancing, which is a special
activity in China. For Croatian spaces, human activities are mainly negative correlations with sound
satisfaction. Natural sounds have positive correlation with overall environmental satisfaction in both
China and Croatia. In particular, human sounds are positively correlated with overall environmental
satisfaction, however, it is negative in Croatia. Most sound sources are mainly associated with
pleasantness both in China and Croatia. Dominance of the sound of traffic is mainly negatively
correlated with pleasantness in China and human sounds are mainly negatively correlated with
pleasantness in Croatia. Additionally, demographical/social factors show significant influence on
individual sound perception both in China and Croatia.

These findings reveal that there are significant differences in soundscapes between China and
Croatia within the soundscape framework. In general, it can be concluded that soundscape evaluation
by people in both countries is based on the context effects of environment indicators, cultural
background and type of sound sources. Three particular findings are emphasized, which can be helpful
to urban designers of open public spaces in both countries:

(1) Visit purpose is the dominant factor influencing sound and environmental satisfaction both in
China and Croatia. Therefore, soundscape design for both sound and overall environment has to
take into account the different functions of open public spaces, such as popularity and touristic
attraction of places, communities, and parks, which are directly related to different visit purposes
and visit frequencies.

(2) In Chinese open public spaces, the positive correlations between age of people and pleasantness
is an important fact for creating an enjoyable atmosphere. Croatians pay more attention to the
importance of quietness of the environment. Therefore, construction of tranquil spaces is very
important and has to be taken into account when designing urban open public spaces, especially
for older people, such as old-people communities.

(3) In terms of sound sources in China, the main factors associated with sound and environmental
satisfaction are natural and children sounds which are considered positive and should be used
appropriately when designing soundscapes, while music has to be controlled as it negatively
relates to satisfaction. In Croatia, contrary to China, sounds from people activities are found
to be the main factors that are negatively related to sound and environmental satisfaction and
pleasantness, and must consequently be controlled.
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