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Abstract: A crowd can be both a sound source and an absorber. The sound of human voices
significantly impacts evaluations of acoustic indicators in urban public spaces. This study aimed to
investigate whether human sound impacts evaluations of the overall environment from both visual
and auditory aspects. Primary sound sources and scenes in Harbin, China urban public space served
as the research object. Four sets of sound sources and six sets of images were collected in situ in
urban public spaces. A subjective evaluation of both visual and auditory aspects was then performed
in the laboratory. The results showed that when different types of sounds in urban public spaces are
superimposed with human sound, the volume of human sound (45.6 dBA, 55.6 dBA, and 65.6 dBA)
significantly affects the acoustic evaluation of the environment. When the superimposed sounds
were birds and music, the evaluation of the environment decreased with the human voice increasing
in volume. Crowd density and the surrounding visual environment also influence evaluations of the
overall sound environment. In this study, the sound preference and acoustic comfort of birdsong and
music decreased as the human sound volume increased. The effect of human sound combined with
traffic sounds significantly decreased the scores for sound preference and acoustic comfort at higher
volumes. The results of the experiments on audio–visual interactions in which people evaluated
visual scenes showed that the influence of the visual density of a crowd on assessments of the
sound environment is negatively related to the magnitude of the sound of the crowd. When human
voices are at 45.6 dBA and 65.6dBA, there is a significant effect on the evaluation of visual scenes
for high-density people. When the sound pressure level of human voices is the same, changes in the
visual environment are more likely to affect people’s evaluation of the overall sound environment.

Keywords: soundscape; human sound; audio–visual interaction; sound preference; acoustic comfort

1. Introduction

In many studies related to soundscapes, general evaluations of soundscapes are usually
considered to be evaluations of sound levels, that is, the subjective evaluation of loudness,
usually of background noise [1–6]. Soundscape evaluations are also considered to be evalu-
ations of sound preferences, that is, evaluations of foreground sounds [7–11]. Individual
sounds play an important role in the overall soundscape [12]. Therefore, evaluating sound
preferences is crucial for determining the quality of a given space’s acoustic landscape.
Environmental psychologists point out that the implicit attributes of social/cultural factors
are interrelated with the outward attributes of the physical environment with respect to
their influence on people’s perception of physical sound [13,14]. In contrast to musical
preferences that focus on the sound itself, judgment of everyday sounds is based on a
collection of relevant information about our surroundings [8].

In urban public spaces, natural sounds and traffic noise are particularly concerning.
Natural sounds usually play an active role in urban open spaces. They can improve one’s
cognitive state [15], help regulate mood, and promote feelings of pleasure. Regarding
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the effect of natural sounds on sound quality, Axelsson et al. showed that water sounds
can effectively improve the overall perceived quality of a soundscape by masking park
noise [16]. Liu, Yang, and Xiong showed that natural sounds in historic districts positively
impact the perception of quiet and harmonious sounds [17]. Ren, Kang, and Liu noted
that people have a higher preference for natural sounds and melodies [18]. Conversely,
traffic noise tends to play a negative role. For example, mechanical noise has been shown to
affect human hearing and reduce stress recovery, leading to bad moods [19–21]. Relatively
neutral sounds, such as human voices, should also be considered [22]. Human sounds
are a special type of sound in which the source and receiver are both humans [23]. Hong
and Jeon indicated that human sounds contributed to an increase in both pleasantness and
eventfulness in commercial streets [24]. Yet, human sounds may positively or negatively
affect the sound environment. Under certain specific conditions, human sounds have
positive effects. For example, the sound of children playing increases the pleasantness
of the sound environment [20]. However, human voices also have negative effects. For
example, the sound of children crying can increase negative emotions in people [21]. Jo
and Jeon demonstrated that human sound reduces the tranquility of a park but increases
its vitality [25].

Eighty percent of human sensory experience relies on visual stimulation [26], so the
correlation between landscapes and soundscapes has been extensively studied [16,27–29].
Most studies on the auditory response to soundscapes have focused on the auditory
properties of the landscape. However, while human perception relies heavily on visual
factors, most landscape studies on the auditory response to soundscapes remain limited to
analyzing auditory properties. Human perception of the environment is not generated by a
single, isolated sense; rather, it is an inherently multisensory experience involving visual,
auditory, olfactory, and other sensory stimuli interacting [30]. Visual and auditory domains
interact with each other in influencing human perception and behavior [31]. Soundscape
research is closely related to ‘context,’ and visual factors are an important part of the context.
Therefore, by studying audio–visual interactions from the perspective of the soundscape,
we can study the whole environment in a more auditory manner. Research of audio–visual
interactions in the field of soundscapes includes both field and laboratory studies. Field
studies consider soundscapes based on real places. However, due to the limitations of
geographical conditions, it is difficult to present the sound environment with different
attributes during the same survey; furthermore, this method can downplay other factors in
the natural environment, including olfactory and other sensory elements that can affect
perception [32]. Hence, laboratory research involves more widespread use of methods
reproducing the sound environment. Through a series of field investigations and laboratory
experiments, Anderson, Mulligan, Goodman, and Regen (1983) studied the influence of
sound on preferences for outdoor environments and found an interaction between sound
and vision. They also compared the differences between field research and laboratory
research. Laboratory research has since evolved into a developed research method for
audio–visual research [33]. To study audio–visual interactions in the laboratory, researchers
now mainly focus on the subjective evaluation of factors that influence the perception of
the environment.

In a noisy environment, people unconsciously raise their voices [34,35]. Crowd density
is an environmental factor expressed as the number of people in a space divided by the area
of the space. Crowd density estimates were first used for crowd monitoring to determine
when an area reaches a greater-than-expected crowd density that could endanger the safety
of people [36]. Subsequently, crowd density has been used in various research areas, such
as environmental pollution, building technology, and landscape design. Previous studies
have shown that crowd density affects certain spatial or environmental characteristics in
a given space [37]. In addition, previous studies have shown that crowd density affects
behavior [38]. Regarding the masking effect of human sounds, Meng, Sun, and Kang
pointed out that human sounds placed near temporary open-air markets with adjacent
road traffic can effectively mask traffic noise [39]. Shu et al. also pointed out that urban
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noises, such as traffic noise, construction noise, and community noise, can be effectively
masked by human sounds [40]. However, studies on crowd distribution and the impact
of human sound on the sound environment of urban public spaces are limited. Crowds
can be regarded as sound sources and absorbers. The effect of crowd density on the
sound environment is studied through subjective features such as audio–visual interaction
evaluations [41].

Therefore, this study aimed to research the following three questions: (1) What is
the effect of human sounds at different volumes on the overall sound environment when
superimposed on other sounds? (2) What is the effect of crowd density on overall evalu-
ations of the current environment, both visual and auditory? (3) With the same human
sound as the background, do changes in the visual scene affect people’s evaluation of
the sound environment? This study examines the audio–visual impact of human sound
on evaluations of the soundscapes of urban public spaces through experiments on the
audio–visual interaction of four main groups of sound sources and visual images in urban
public spaces.

2. Materials and Methods
2.1. Experimental Design

Sources of sound in urban public spaces include natural, human, mechanical, and
instrumental sounds [42]. Therefore, four groups of sound sources were selected in the
experiment: human conversation, birdsong, traffic noise, and music. Three groups of visual
images with different crowd densities in the same scene and three groups of images with
different visual environments in different locations were also used.

The experiments were conducted in a laboratory at the Harbin Institute of Technology
in China, shown in Figure 1. The volume of the laboratory was 186 m3, and the background
noise was 11 dBA. A TV screen (Samsung H6400: 166.030 cm × 93.375 cm (75 in)), resolution:
1920*1080 p ) was used for live video playback. Participants were asked to sit in designated
seats. Sennheiser rs170 headphones provided the audio. To ensure that participants could
concentrate on the test, no items other than the necessary equipment were present in
the laboratory.
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Figure 1. Laboratory layout schematic.

2.2. Sound Stimuli

For the audio stimuli, human conversations were chosen as the main object of the
study. Conversational sounds were then combined with birdsong, music, and traffic noise,
corresponding to natural, human, and mechanical sounds commonly found in urban
environments. The recordings were made in the field using a 10-channel high-fidelity
portable recorder. The recording equipment was placed at 1.5 m perpendicular to the
ground, and each recording session lasted 5 min.



Appl. Sci. 2023, 13, 3652 4 of 13

When the sound pressure levels simulated in the laboratory are the same as in the
field, the sound may appear too loud and cause discomfort due to the different background
sound pressure levels. Therefore, the actual sound pressure level was weakened in the
laboratory experiment, and an artificial head (HMS IV) was used to simulate the human ear
for calibration and measurement. The adjustment of sound pressure levels was performed
using Adobe Audition software (Adobe Audition 2021). The sound pressure level gradient
was 10 dBA, and the sound levels were 45.6 dBA, 55.6 dBA, and 65.6 dBA, representing the
low-, medium-, and high-volume levels, respectively. Participants were asked to evaluate
the subjective loudness based on the currently heard sound.

2.3. Visual Stimuli

We selected two typical squares in Harbin as sampling points: (a) the square of Saint
Sophia Cathedral is semi-open, surrounded by buildings, and adjacent to the city’s main
traffic artery. It is mainly affected by traffic and ambient noise from the surrounding
commercial area. The crowd consists mainly of foreign tourists and residents passing
through; and (b) the Flood control monument square is located near Songhua River; there is
flowing water on one side and a commercial area on the other side. The building complex is
some distance away and the square is mainly affected by traffic noise. The crowd is mainly
tourists and residents. In the square of Saint Sophia Cathedral, we selected three main sets
of images with different crowd densities for the visual stimuli in the same scene (see
Figure 2). We also included three scenes with different environments but the same crowd
density. The scene was recorded through the photo and video function of a digital camera
(canon 5d3). To record the immediate surrounding situation, the equipment was placed at
a vertical height of 1.6 m from the ground, and each video recording was 5 min.
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2.4. Questionnaires

Questionnaires were distributed in the laboratory to investigate participants’ evalua-
tions of the recorded landscapes. The questionnaire consisted of three main parts, which
corresponded to our three research questions. Each part had its own evaluation indicators,
as shown in Figure 3. Answers were given on a five-point Likert scale, from very dislike to
very like.
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A total of 33 people participated in this study (54.5% females). To reduce intra-group
differences, we chose students from our university as the participants. Participants were an
average age of 26 (SD = 4.0; Min = 21; Max = 37), and all had normal hearing. Each partici-
pant was randomized to assess audio-only, visual-only, and audio–visual environments.

2.5. Subjective Evaluation Procedure

(1) We first investigated the relationship between human voices and other background
sounds. A total of nine audio sets were played. The participants randomly heard
three groups of low, medium, and high vocals combined with traffic sounds, birdsong,
and music. The questions were answered in 10 s intervals between each clip (each
clip was 20 s long);

(2) Next, we investigated the effect of crowd density on participants’ evaluations of the
sound environment. The three sets of images in Figure 2a were randomly combined
with low, medium, and high human voices, a total of nine audio sets. Each group of
materials was played for 20 s with 10 s intervals to answer the questions;

(3) Finally, we investigated the relationship between the visual environment and sound
environment evaluation. We play the three sets of videos from Figure 2b while
randomly playing three sets of low, medium, and high vocals, for a total of nine
combinations. Each video was played for 20 s, and the questions were answered at
10 s intervals.

3. Results
3.1. Effect of Human Voice Volume and Other Sounds on Acoustic Evaluation

IBM SPSS Statistics 21.0 was used to establish a database with all results. The acoustic
evaluations of human voice volume and sound types are shown in Table 1 (SD means
Standard Deviation). In terms of acoustic comfort, people had positive attitudes toward the
natural sound, while the opposite was true for mechanical sound [4,43,44]. The trend in
sound preferences was similar to the trend in acoustic comfort. That is, sounds with higher
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acoustic comfort also had higher sound preference evaluations, consistent with previous
studies [24,32].

Table 1. Acoustic evaluation.

Sound Types Human Voice Volume
Acoustic Comfort Sound Preference Sound Loudness

Mean SD Mean SD Mean SD

Traffic
Low 2.50 0.67 2.38 0.83 3.47 0.80

Medium 2.47 0.67 2.19 0.64 4.00 0.58
High 1.88 0.98 1.75 0.72 4.5 0.72

Bird
Low 3.66 0.87 3.53 0.92 2.81 0.86

Medium 3.16 0.63 3.06 0.72 3.16 0.72
High 1.47 0.57 1.38 0.55 4.41 0.80

Music
Low 3.94 0.91 4.16 0.85 2.84 0.68

Medium 3.28 0.81 3.34 0.90 3.38 0.71
High 2.38 0.87 2.16 0.72 4.38 0.66

Table 2 shows the significance of the indicators under the main effect. Mixed design
analyses of variance (ANOVAs) were run to test the differences in mean ratings between
subgroups divided by the two main variables. Sound type and volume were taken as
independent variables. The results showed that in the three sound sources, the main effect
of sound types and volume levels, and the interaction between them all, had significant
effects on sound loudness, acoustic comfort, and sound preference (p < 0.05).

Table 2. Significance of the effects of sound type and volume level on acoustic evaluation.

Source Acoustic Comfort Sound Preference Subjective Loudness

Traffic 0.02 0.00 0.00
Birds 0.00 0.00 0.00
Music 0.00 0.00 0.00

Low volume
Traffic + Birds 0.00 0.00 0.00
Traffic + Music 0.00 0.00 0.01
Birds + Music 0.36 0.01 0.00

Traffic + Birds + Music 0.00 0.00 0.00
Medium volume

Traffic + Birds 0.00 0.00 0.00
Traffic + Music 0.00 0.00 0.00
Birds + Music 0.76 0.31 0.40

Traffic + Birds + Music 0.00 0.00 0.01
High volume

Traffic + Birds 0.12 0.07 0.86
Traffic + Music 0.04 0.05 0.77
Birds + Music 0.00 0.00 0.98

Traffic + Birds + Music 0.02 0.04 0.68
Note: significance (p < 0.05) is in bold.

A one-way ANOVA was run to test the differences in mean ratings between the
subgroups divided by the variables that interacted. After removing the factors without sta-
tistical significance, the model was simplified. Figure 4 shows the evaluation of the acoustic
metrics after superimposing the human voice with different sound types (birdsong, traffic
sounds, and music) under the auditory-only stimuli. (The error bars represent the standard
deviation [S.D.] of the average values.) In terms of loudness, there was an interaction
between the type of sound and the volume. With respect to sound types, regardless of the
variation in volume level, the loudness of the human voice after superimposing bird sounds
and musical sounds was rated lower than that of traffic noise. When the participants heard
the first two sound types, they did not feel the sound loudness as much. The participants
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even felt slightly quiet for the low- and medium-volume human voice superimposed with
birdsong and music (p < 0.01). With respect to volume level, sound loudness increased
significantly with increasing volume level; that is, the higher the volume, the louder the
participants felt (p < 0.01).
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There is an interaction between acoustic comfort and sound preference in terms of
sound types and volume levels. With respect to sound types, acoustic comfort and sound
preference were rated significantly higher than the superimposed traffic sounds for the low-
and medium-volume conversational sounds overlaid with birdsong and music sounds, but
the high-volume conversational sounds overlaid with birdsong were rated lower than the
superimposed music and traffic sounds. After superimposing birdsong and music sounds
with human voices at low- and medium-volume levels, participants’ acoustic comfort
ranged between 3.0 and 4.0. Sound preference ranged between 3.0 and 4.5, and participants
felt comfortable and liked it (p < 0.01). In contrast, after superimposing birdsong and
music over high-volume vocals, the acoustic comfort was between 1.0 and 2.5 and the
sound preference was between 1.0 and 2.5. Participants felt uncomfortable and disliked
it (p < 0.01). When traffic sounds were superimposed over low- and medium-volume
human voices, the participants felt uncomfortable and disliked it. The participants felt
very uncomfortable and disliked it when traffic noise was superimposed over high-volume
human voices. Their evaluation scores ranged from 2.0 to 2.5 for acoustic comfort (p < 0.01)
and 1.5 to 2.0 (p < 0.01) for sound preference; the participants felt very uncomfortable and
disliked it very much. Concerning volume, when the sound type was birdsong or music,
acoustic comfort and preference decreased significantly as the volume of the human voice
increased (p < 0.05). Moreover, when the sound type was traffic, acoustic comfort and
preference decreased significantly only when the human voice volume was high. Acoustic
comfort and preference were higher at low volume than at high volume (p < 0.01). It was
observed that sound type and volume, as well as their interactions, affected participants’
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acoustic evaluations different degrees. Regardless of voice volume, birdsong and music
were rated higher than traffic, and regardless of the type of sound, acoustic evaluations
were significantly higher for low-volume voices than for high.

3.2. Effect of Visual Crowd Density on Sound Environment Evaluation

Table 3 shows the overall evaluations under the simultaneous effect of sound and
vision. When the crowd density is constant, participants’ visual comfort and preference as
well as acoustic comfort and sound preference decreased as the vocal volume increased.
Figure 5 shows the sound preference values for different crowd densities in the same scene
with different conversational sound pressures; that is, the values in the presence of both
auditory and visual stimuli. (The error bars represent the S.D. of the average values.) Only
when the sound volume was medium, were the loudness evaluations significantly different
for the empty scene and the scene with a moderate crowd; the empty scene appeared louder
(p < 0.05).
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There was an interaction between crowd density and volume level for acoustic comfort
and visual comfort. In scenes with low and high crowd densities, the scores for both types
of comfort were higher for moderate volume levels than for high (p < 0.01). In scenes with
medium and high volumes, visual comfort scores were higher when the crowd density
was moderate than when it was high (p < 0.05). In scenes with low volume, acoustic
comfort scores were higher for scenes with low crowd density than those for with high
crowd density. That indicates that even though the sound is not loud, the crowd density of
the visual environment still significantly affects the overall sound preference evaluation
(p < 0.05). There is also an interactive relationship between sound preference and visual
preference. There was no mutual influence between low and moderate volumes in scenes
with low and moderate crowd densities. However, the relationships between high volume
and low and moderate crowd densities were significant, with higher scores for visual and
sound preferences when the volume level was low (p < 0.01). Scenes with low crowd density
had higher visual preference scores than the other two scenes for all three volume levels.

Table 3. The evaluation under the effect of sound and visual stimuli.

Subjective
Evaluation

Crowd Density
Sound Volume

Low Medium High

Acoustic comfort
Low 3.45 2.87 1.77

Medium 3.16 2.80 2.16
High 2.97 2.71 1.97

Sound preference
Low 3.39 2.74 1.51

Medium 3.06 2.61 2.00
High 3.06 2.52 1.87

Sound loudness
Low 2.55 3.48 4.10

Medium 2.84 2.97 3.90
High 2.68 3.13 4.13

Visual comfort
Low 3.45 3.52 3.00

Medium 3.26 3.13 2.81
High 3.03 2.84 2.48

Visual preference
Low 3.52 3.45 2.94

Medium 3.06 3.03 2.55
High 3.00 2.58 2.45

3.3. Effect of Audio–visual Stimuli in Different Environments

Figure 6 shows the sound preferences for conversational sounds in different environ-
ments under simultaneous audio–visual stimuli (The error bars represent the S.D. of the
average values). For all three environmental groups, there was no significant difference
between the overall preference and visual environment preference scores for the same
background sound. However, there was a significant difference in the sound preference
and acoustic comfort scores for the three groups of sounds in the same set of visual envi-
ronments. The change in volume also significantly affected visual preference and comfort
scores. For the original three groups of voices, the lower the sound, the higher the sound
preference score (p < 0.01). The overall preference and comfort scores changed after adding
visual factors. The environmental evaluation of the videos one and two changed from
significant to non-significant, with a difference in scores between the low and medium
groups. The difference between the scores of the medium and high groups was still signifi-
cant (p < 0.01). The louder the sound, the lower the overall preference and comfort scores.
Therefore, after adding the visual factor, evaluations of the overall environment were not
affected when the sound pressure level of the human voice was at 45.6 to 55.6 db. However,
when the sound pressure level was 55.6 to 66.6 dB, overall environment scores were lower
as the sound got louder.
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4. Discussion
4.1. Applications

When designing soundscapes in urban public spaces, visual factors in the surrounding
environment need to be considered. In a more open environment with low crowd density,
even if human voices are noisy, evaluations of the overall sound environment will not
be significantly impacted. Music can be added appropriately, according to the scene, to
improve the preference and comfort of the current environment. In noisy environments,
people will unconsciously raise their voices [32,33]. Scenes with surrounding traffic and
crowds are usually more complex, people will raise their speaking voices, which greatly
reduces the comfort of the environment. Therefore, crowd density control can improve
people’s sound preferences and comfort.

4.2. Limitations and Future Study

The city of Harbin, which was selected for this study, can only represent a portion
of the different forms of urban public space. Different urban forms have different sound
source characteristics. The sound sources of Harbin Sofia Church, Flood Control Memorial
Tower Square, and Stalin Park are a few of the study sites with large differences. However,
they cannot cover all space types. In future studies, the same method of audio–visual
interaction can be used to research different elements of the soundscape. Studies have
currently focused on urban public spaces in high density cities. This method can be used
in the future to study the sound environment of public spaces in other low-density cities.
Other cities should be used as the focus of research, more types of urban public spaces
should be added, and more locally appropriate sound sources should be selected for
discussion to complement the existing findings.
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5. Conclusions

This study investigated the public space of Harbin city square in the field. It assessed
the influence of people’s conversations, crowd density, and different environments on
their evaluation of the sound environment through different combinations and compar-
isons of visual and auditory sensations in the laboratory. The results of the study show
the following:

In urban public spaces, the magnitude of different sound types (birdsong, music,
and traffic sounds), when added to human vocal sounds, significantly affect people’s
evaluations of the acoustic indicators of their current environment. Regardless of the
superimposed sound, acoustic comfort and preference scores were higher for low- and
medium-volume human sounds. The effects of birdsong and music sounds decrease as
human voice levels increase. The effect of traffic sounds was not significant at low- and
medium-volume voice levels, but the scores for sound preference and acoustic comfort
were significantly lower at high volume (p < 0.05).

When the crowd density is large, conversational sounds at low- and high-volume
levels affect people’s acoustic comfort and sound preference evaluations. When the crowd
density is sparse, all three conversational sound pressure levels—low, medium, and high—
will affect people’s preference for the sound environment. The effect of the visual density
of the plaza crowd on evaluations of the sound environment is negatively correlated with
the volume of human voices.

When the sound pressure level of human voices is the same, changes in the visual
environment are more likely to affect people’s evaluation of the overall sound environment.
When the conversational sound is between low and medium, it does not affect people’s
preference and comfort level with the environment. When the sound of human conversation
is between medium and high, the louder the sound, the lower the people’s preference
and comfort.
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