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This paper discusses the influence of the soundscape sequence of different urban open spaces on emotion.
Thirty participants with normal hearing were selected to listen to forty-two different acoustic sequences
and report their emotional changes during the process. The data were analysed in four stages, and the
results are as follows: First, emotional response highly correlates with background type. Only when
the foreground is negative does it relate to the foreground type. Second, the positive foreground in the
early part of a sequence, or the neutral (or negative) foreground in the later part of a sequence, induces
a better emotional experience. Third, in an acoustic sequence, emotion changes along with a change in the
foreground. The appearance of the foreground triggers emotional fluctuations, and the end of the fore-
ground is followed by emotional recovery. Finally, combining foregrounds can aid in regulating negative
emotions. This effect is related to the position of the positive foreground and background type. We offer
suggestions on the design of urban soundscape from the perspective of emotion based on the findings.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Soundscapes are a vital element of urban environment percep-
tion. As our urban environments become more complex and
crowded, scholars feel the need to study soundscape perception
more rigorously [1,2]. Kang pointed out that it is necessary to
transform from traditional noise control to the perception of
soundscape and to create a series of ‘soundscape indexes’ to quan-
tify the perception of soundscape [3]. The current literature on
soundscape perception mainly focuses on studying the perceived
affective quality of soundscape [4]. According to iSO-12913–3,
the perceived affective quality of soundscape can be measured by
a two-dimensional model composed of two dimensions of pleas-
antness and eventfulness, and researchers have been working on
building and improving this model [5]. In terms of the research
on the main dimensions, Axelsson et al. proposed three main
dimensions through the study of soundscape, including pleasant-
ness and eventfulness, and established the first two independent
dimensions for the perceived affective quality of soundscape,
which were pleasantness and eventfulness [6]. More dimensions
have also been extensively studied. For example, Cain et al. pointed
out that calmness and vibrancy were also the principle dimensions
[7]. Aletta et al. proposed that appropriateness is also a potential
dimension that focuses on the relationship between the expecta-
tions and the real soundscape, which plays an important role in
positive emotional responses [8]. Hall et al. pointed out that per-
sonal preference, history, and other social and cultural factors are
also related to the perceived affective quality of soundscape [9].
In short, these dimensions of the perceived affective quality of
soundscape reflect the ability to capture information related to
survival through the acoustic environment, thereby choosing the
environment and guiding behavior[10]. However, the perception
of soundscape is multifaceted, and there is still a lack of research
on the emotional perception of a soundscape.

The emotional perception of soundscape, different from the per-
ceived affective quality of soundscape, is based on the emotion
theory in psychology, focusing on the relationship between sound-
scape and perceived emotion. The commonly used evaluation
dimensions mainly include pleasantness, arousal, and dominance
[11]. It is more inclined to study positive and negative factors in
soundscape perception [12]. It is shown that environmental sounds
can trigger a wide range of emotional responses, and the Interna-
tional Affective Digitized Sounds (IADS), which consists of 167 nat-
ural sounds with a duration of 6 s, is the most typical example [13].
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Choi pointed out that environmental sounds in the IADS database
can induce an emotional response in the dimensions of pleasant-
ness and arousal[14]. Ma and Thompson studied 24 environmental
sounds and found that human emotions can track the changes in
the acoustic properties of environmental sounds, just as they do
for speech and music[15]. Webster studied longer acoustic stimuli,
such as music, and pointed out that emotional perception of music
is related to the interplay of texture and rhythm that make up the
composition, rather than just acoustic properties [16]. However,
environmental sounds are rarely designed to induce emotions, just
like music. It usually takes the soundscape as different types of
sound sources; even for the longer soundscape clip, it only consid-
ers the soundscape clip as a whole and pays little attention to its
internal changes.

However, according to the definition of soundscape in
ISO12913-1, a soundscape is the acoustic environment that is per-
ceived, experienced, or understood by a person or people in con-
text. The context includes the relationships between a person,
activity, and place in space and time [17]. In other words, the per-
ception of soundscape should not be invariable; instead, it can be
modified with a change of context. Although some scholars have
noticed this (e.g., Aumond et al. [18] used controlled and natural
3-min audio and audio-visual sequences to study the continuous
pleasantness of the soundscape), they have primarily focused on
the associated pleasure of soundscapes rather than on the emo-
tional perception. Therefore, there is a lack of research on the rela-
tionship between the changing soundscape and the changing
multi-dimension of emotional perception.

The soundscape sequence, which comprises different sound
sources in different order, focuses on the variability of sound-
scapes. Nevertheless, the composition of the soundscape sequence
in an urban open space is complicated, containing various sound
sources that exist simultaneously. This complexity makes any
study difficult, forcing scholars to simplify the objective.

According to the ISO/TS 12913–2, the foreground sound and
background sound are the important indicators of the soundscape.
The foreground sound is the sound towards which a listener’s attention
is particularly directed and which can be associated with a specific
source. The background sound is the sound that is heard continuously
or frequently enough to form a background against which other
sounds are perceived [19]. Therefore, people can adjust their atten-
tion and direct it toward any sound they want to focus on, making
it a foreground sound [20]. However, as attention is an uncon-
trolled element in the experiment design, the soundscape
sequence design focuses on the sound source rather than on the
attention. From this perspective, the background sound is a contin-
uous listening context composed of multiple sounds. As the fore-
ground sound is a specific sound, which may be related to a
particular event, it may be more evident than the background
sound at any given time for the listener. Taking the urban street
space as an example, when someone walks along the street, the
continuous background sound is the mixed low-frequency noise
generated by the vehicles’ engines. Although there are many other
sound sources in the street, these may not be noticed by the lis-
tener. Furthermore, when someone passes a store along the street,
their attention is easily attracted to sounds such as the advertise-
ments from the store, which becomes the foreground sound. In
other words, in an urban space, the background sound is a mixture
of constant, multiple sound sources, while the foreground sound is
a variable, single sound source corresponding to a specific event.
With reference to previous research [21,22], we selected these
two indicators to study the urban soundscape sequence. We cre-
ated ‘the single foreground acoustic sequence’, which contains only
one foreground and one background sound, to study the effect of
their interaction on emotion. Further, we created ‘the combined
foreground acoustic sequence’, which entails two different fore-
2

ground sounds and one background sound, to study the effect of
the interaction between the foreground sounds on emotion.

Another critical question is how to measure the changing emo-
tion caused by sound sequence. Compared with the overall rating
after the stimuli [23,24], the continuous emotion measurement
based on the two-dimension theory can capture temporally-
related self-reported data from participants using the software.
Emotions are a common psychological phenomenon [25–27] that
can be quantified through a categorical or dimensional approach.
The former describes emotions with words, whereas the latter
requires us to measure emotions by the linear combination of sev-
eral dimensions [28]. The three-dimension and two-dimension
theories are two fundamental emotional dimension models pro-
posed by Schubert [11,29,30]. The three-dimension model evalu-
ates the emotion through the dimensions of pleasantness,
arousal, and dominance, whereas the two-dimension model only
focuses on the two independent dimensions—pleasantness and
arousal. The continuous emotional measurement is based on the
two-dimensional model, mainly for the following two reasons:
First, the two-dimension model can explain the emotional
responses caused by most stimuli, such as pictorial [31,32], linguis-
tic [33,34], and sound [35,36]. Second, the form of the two-
dimensional theory is more suitable for presentation on the com-
puter screen, then the difficulty in operating the software is
reduced, and the accuracy of the data can be improved.

In the method of continuous emotion measurement based on
the two-dimensional model, the pleasantness dimension is repre-
sented by the X axis and the arousal dimension is represented by
the Y axis, and the two intersect perpendicularly at the origin of
the coordinates; then, the numerical range is defined for the two
dimensions. At each moment, the emotion corresponds to a speci-
fic X value and Y value. Subsequently, the measurement of emotion
is transformed into a numerical value. Concurrently, the method
also synchronises the audio and emotion measurement so that
each moment of the audio corresponds well to the emotional data
it stimulates. Afterwards, the continuous emotional data of the
soundscape sequence can be obtained.

The method of continuous emotion measurement has been
extensively used in music studies [37–39]. Schubert [40], for exam-
ple, used two-dimensional emotion space to capture the continu-
ous emotional changes caused by four musical pieces.
Participants were asked to listen to four different pieces of music
and to report their emotional changes while listening to them.
The findings showed that the loudness, rhythm, melody contour,
texture, and spectrum of music affect emotional change. Nagel,
Kopiez, Grewe, and Altenmüller [41] used multiple stimuli, such
as pictures and videos, to investigate the continuous emotional
response using EMUJOY software.

Therefore, we used the method of continuous emotion mea-
surement to study the influence of foreground and background
sounds in a soundscape sequence of urban open space on emotion.
First, we analysed the effect of foreground and background combi-
nations on emotion and of different positions of the foreground in
the sequence on emotion as well. Then, we explored whether the
sudden appearance of a foreground can cause emotional fluctua-
tions and whether the emotion recovers after the foreground is
over. Finally, we used the combined foregrounds to regulate
emotions.
2. Method

2.1. Selection and collection of the sound source

First, representative sound sources were selected for foreground
and background sounds. Then, the sound source file was obtained
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by recording or downloading, and finally, the foreground sound
and background sound were mixed into an acoustic sequence
using Cooledit software.

Regarding the selection of representative sound sources, studies
have shown that different urban sound sources are significantly
different in perception. For example, nature sounds usually make
people feel pleased, which is positive for the soundscape. Con-
versely, technological sounds usually make people feel irritable,
which negatively affects the soundscape [6,42]. Therefore, the rep-
resentative background sounds were selected from the categories
of positive, neutral, and negative, respectively. Finally, combining
with the field survey of urban soundscapes, we selected three
backgrounds, namely, ‘water’, ‘voice’, and ‘traffic’, representing
the positive background, the neutral background, and the negative
background.

In the selection of foreground sounds, the same classification
criteria of positive, neutral, and negative were used. We selected
the ‘store’, and ‘mechanical’ as the representative sounds of the
neutral and negative foregrounds, respectively. We have further
subdivided the selection of positive foreground because in the
soundscape design, compared with the background, the fore-
ground is easier to change, as shown in Fig. 1. However, due to
the limitation of the time of the experiment, this study only took
the positive foreground as an example, divided it into artificial
and natural sounds, and chose ‘music’ and ‘bird’ as representative
sounds [5].

We adopted both on-site recording and network downloading
methods to collect sound sources. The on-site recording is more
suitable for the background because it helps us record the spatial
elements of the urban space more realistically [43]. The selection
of the recording locations corresponded to the types of back-
ground, namely, waterfront park (water), commercial pedestrian
street (voice), and the sidewalk next to the traffic arterial road
(traffic noise). The ‘voice’ is the sound of the conversation made
by the crowd, describing a noisy atmosphere in the central area
of the city. The sound of the water is the regular rushing sound
from the water slapping the bank, describing a tranquil atmo-
sphere in the recreation area of the city. The recording time was
from 9.00 a.m. to 11.00 a.m. on the weekend, ensuring a higher
density of people. In each recording location, we selected a site
where we could capture a ‘pure’ background. For example, if we
wanted to get a ‘pure’ background of traffic, the recording site
should only contain traffic sounds without any others. We placed
Foreground classifica

Fig. 1. Classification and creatio

3

the recorder at the height of 1.6 m and continuously recorded each
background sound for 3–5 min to allow for editing later. Similarly,

a pure foreground was downloaded from the Internet (see http://

www.miaoyin365.com/), ensuring it was more than 1 min long;
for example, the ‘music’ is a soothing fragment taken from a pop-
ular Chinese song.
2.2. Acoustic sequences

The acoustic sequence comprised a single foreground sequence
and a combined foreground sequence. The former comprised one
foreground and one background, while the latter comprised two
different foregrounds (‘bird’ and ‘mechanical’ in this experiment)
with different combinations and one background. The length of
the sequence should stimulate an emotional response and avoid
fatigue as much as possible [44,45]. Hence, we had set the back-
ground length of the single foreground sequence and the combined
foreground sequence to 45 s and 60 s, respectively, while the fore-
ground was always set to 15 s. We used Cooledit to make these
sequences.

For the single foreground sequence, as shown in Table 1, we
needed to make the foreground appear in different positions in
the sequence. Taking the background of ‘water’ and the foreground
of ‘music’ as examples, we first divided the background into three
15-second parts, the early part, the middle part, and the latter part,
respectively. We inserted the foreground of ‘music’ separately into
the early, middle, and latter parts of the background and mixed
them into individual files. Finally, three sound sequences were
obtained, all based on the background of water with the fore-
ground of music appearing in the early part, the middle part, and
the latter part of the sound sequence. In the same way, other types
of foreground and background were also mixed, and we obtained
36 pieces of a single foreground sequence.

We needed to create different combinations of foreground
sequences for the combined foreground sequence. We only studied
the combination of ‘bird’ and ‘mechanical’ as examples. Since the
foreground was two sound sources, the length was increased to
30 s, and each foreground was 15 s. As there were two different
combinations of ‘bird’ and ‘mechanical’, we could put either in
the front. While the length of the background increased to 60 s,
the length of the early part or the latter part was still 15 s, and
the middle part increased to 30 s. We put the combination of the
tion

n of the acoustic sequence.

http://www.miaoyin365.com/
http://www.miaoyin365.com/


Table 2
Type of the combinations of two-foreground sound sequence.

The type of the
background

The type of the combinations of the foreground

Fbird + Fmechanical Fmechanical + Fbird

Bwater Bwater + Fbird + Fmechanical Bwater + Fmechanical + Fbird
Bvoice Bvoicer + Fbird + Fmechanical Bvoice + Fmechanical + Fbird
Btraffic Btraffic + Fbird + Fmechanical Btraffic + Fmechanical + Fbird

Note: ‘B’ represents the background, ‘F’ represents the foreground.

Table 1
The type of the combinations for the single foreground sequence.

Foreground type Foreground position Background type

Bwater Bvoice Btraffic

Fmusic Early part(E) Bwater + Fmusic/E Bvoice + Fmusic/E Btraffic + Fmusic/E

Middle part(M) Bwater + Fmusic/M Bvoice + Fmusic/M Btraffic + Fmusic/M

Later part(L) Bwater + Fmusic/L Bvoice + Fmusic/L Btraffic + Fmusic/L

Fbird Early part(E) Bwater + Fbird/E Bvoice + Fbird/E Btraffic + Fbird/E
Middle part(M) Bwater + Fbird/M Bvoice + Fbird/M Btraffic + Fbird/M
Later part(L) Bwater + Fbird/L Bvoice + Fbird/L Btraffic + Fbird/L

Fstore Early part(E) Bwater + Fstore/E Bvoice + Fstore/E Btraffic++Fstore/E
Middle part(M) Bwater + Fstore/M Bvoice + Fstore/M Btraffic + Fstore/M
Later part(L) Bwater + Fstore/L Bvoice + Fstore/L Btraffic + Fstore/L

Fmechanical Early part(E) Bwater + Fmechanical/E Bvoice + Fmechanical/E Btraffic++Fmechanical/E

Middle part(M) Bwater + Fmechanical/M Bvoice + Fmechanical/M Btraffic + Fmechanical/M

Later part(L) Bwater + Fmechanical/L Bvoice + Fmechanical/L Btraffic + Fmechanical/L

Note: ‘B’ represents the background, ‘F’ represents the foreground.
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foreground only in the middle part of the background. Finally, 6
pieces of combined foreground sequence were obtained (Table 2).

2.3. Software

The EMUJOY software developed by Nagel et al. [41] was used
to record the continuous emotional data in the experiment. The
software can record emotional data while playing audio and is
remotely controlled. The monitoring computer can choose to play
or stop the audio, while the participants’ computer can only be
used to record emotional data. This can ensure that participants
are not disturbed during the whole process.

As shown in Fig. 2, the software interface shown to the partici-
pants is composed of two axes (representing two dimensions of
Fig. 2. Software interface
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emotion) intersecting at right angles, where the X-axis represents
the pleasantness dimension, and the Y-axis represents the arousal
dimension. The left side of the X-axis represents negative emotion
(‘displeasure’), and the right side represents positive emotion
(‘pleasure’), with the value changing from �1 to 1. The bottom of
the Y-axis represents calming (‘low arousal’), and the top repre-
sents arousing (‘high arousal’), with the value changing from �1
to 1. When the audio plays, the participant can move the mouse
on the screen and confirm the point in the emotional two-
dimension space during the process at any time by clicking the left
button of the mouse. Subsequently, the corresponding data with
pleasantness dimension value (X) and arousal dimension value
(Y), as well as the time, are recorded. Participants can click the
mouse at any moment when they feel emotional changes, and
there is no limit to the number of times. The data is sent to the
monitoring computer online as text files. The output includes val-
ues for both axes, time, and an additional trigger track. This track
contains the ‘start’ and ‘stop’ of the audio. The sampling rating is
50 ms, which allowed for signal frequencies up to 10 Hz. Previous
studies have shown its validity [41,46,47].
2.4. Participants

Thirty samples can meet the requirements of the acoustic
sequence listening test in the laboratory [45]. In our study, we
of participant [41].
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specifically selected 15 women and 17 men. However, two women
did not complete the experiment for personal reasons, giving us an
effective sample size of 30. All the participants’ hearing was normal

as per the hearing test results (see https://www.widex.com.cn/zh-

cn/online-hearing-test). The details of the test are described in the
section of Procedure. As emotions can vary significantly among
people of different ages and younger adults tend to have a favour-
able perception of emotional experiences, we selected younger
adults as participants (i.e., 25–35 years old) [48]. Their median
age was 30 years, and the standard deviation was 4.5. Their occu-
pations included students, office workers, and freelancers. Two of
them were engaged in music-related jobs at the time, with a med-
ian working life of five years.
2.5. Procedure

As shown in Fig. 3, the experiment process consists of three
stages: selecting, training, and formal experiment.

After obtaining informed consent from the participants, they
were provided with an oral and written description of the experi-
ment. After all the questions on the experiment were addressed,
the participants could start the first stage. First, the selection stage
was a hearing test to ensure the participants’ normal hearing. It
was a five-minute online listening test, including multiple-choice,
high-frequency listening, and language listening tests (see

https://www.widex.com.cn/zh-cn/online-hearing-test).
Second, in the training stage, we briefly explained the emotional

two-dimension model to the participants and cleared any doubts.
To familiarise participants with the emotional space and avoid
priming effects, we used pictures from the international affective
picture system for practice. The pictures were displayed in the
background of the emotion space, and the participants learned to
use the software by expressing their perceived emotions while
looking at the pictures. After they could express themselves com-
petently using the software, the formal experiment began.

Third, in the formal experiment stage, the participants sat in the
experiment room with a length, width and height of 4 m, 5 m and
2.8 m, respectively. According to the measurement, it is a music
room with a background sound level of 35dBA and a reverberation
time of 0.5 s at middle frequency of 500 Hz-1000 Hz. Referring to
the previous literature [8], the experimental conditions can meet
the requirements of this research. Before the experiment, the par-
ticipants were required to read a protocol, which indicated they
were required listening each audio and report how the sounds per-
ceived, but not how they felt due to listening of sounds. They
should report the emotional changes at any time while listening
to the audio, with no limit in the number of times. Then, the par-
ticipants need to sit quietly in front of the computer for several
minutes to adjust their emotions to a neutral state which means
the emotional dimensions of pleasantness and arousal are all at
the coordinate origin in the emotional space (X = 0, Y = 0). After
Fig. 3. Experime
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confirming the adjustment complete, the experiment begins. To
avoid fatigue, the material was divided into two sections and
played to the participants at an interval of one week. The first part
of the listening test included 20 pieces of audio and took 20 min;
the second part played the remaining 16 pieces of audio, taking
25 min.

Finally, regarding the software, EMUJOY runs on a Lenovo com-
puter, and the headphones used were Sennheiser RS170.
2.6. Data analysis

Software IBM SPSS 25.0 and Origin 8 were used for data analysis
and figure rendering. SPSS is a general statistical analysis software;
it was mainly used to analyse the mean, standard deviation, the
paired-samples t-test, and Wilcoxon rank-sum test here, whereas
Origin 8 was mainly used to draw time-varying figures of the emo-
tional changes of the sequence.
3. Results

3.1. Effect of different foreground and background combinations on
emotion

Using the data of mean and standard deviation from the single
foreground sequence, we extracted the emotional data in response
to when the foreground and background existed simultaneously.
This helped us analyse the effect of different combinations of fore-
ground and background on emotion (see Fig. 4). We now discuss
our results.

In a sequence without the ‘mechanical’ foreground, the emo-
tional response varies by background type. The values of the two
dimensions of emotion are positive in the background of ‘water’,
negative in the background of ‘voice’, and both positive and nega-
tive in the background of ‘traffic’, regardless of the foreground.
However, different foregrounds can still create a significant differ-
ence in pleasantness and an insignificant difference in arousal in
these three backgrounds. Moreover, the ‘music’ foreground can
cause a relatively better emotional experience than other fore-
grounds, similar to the results reported in previous studies [42].
We further found that this positive effect of ‘music’ is the most
obvious in the background of ‘traffic’ because the positive value
in pleasantness can be achieved only in this condition (Pleasant-
ness MD = 0.04, Arousal MD = –0.02).

However, in a sound sequence with the ‘mechanical’ fore-
ground, irrespective of the background, the emotional response is
always at the bottom left of the emotional space, indicating the
worst emotional experience, with a slight difference in pleasant-
ness (ranging from –0.40 to �0.32) and an obvious difference in
arousal (ranging from �0.23 to �0.04). In this condition, the fore-
ground, rather than the background, plays a decisive role in the
emotional response.
nt process.

https://www.widex.com.cn/zh-cn/online-hearing-test
https://www.widex.com.cn/zh-cn/online-hearing-test
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Fig. 4. Different acoustic sequences with respect to emotion (The points in the figure represent the average value, and the range represents the standard deviation of X or Y).
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In summary, we find a high correlation between emotional
response and background type. However, this correlation for fore-
ground type only exists if the foreground is negative, such as a ‘me-
chanical’ sound. The emotional experience in the ‘water’
background is superior to that of ‘traffic’, which, in turn, is superior
to ‘voice’.

Compared with the foreground, the background has a greater
effect on emotions. The background type for an already existing
urban space, such as streets, cannot be changed without large-
scale construction, but the designer can adjust the type of fore-
ground. We further analyse the relationship between a controllable
foreground and emotion, which may have more practical
significance.
3.2. Effect of different foreground positions on emotion

Using the data of mean and standard deviation, we extract the
emotional data in response to when the foreground is located at
different positions (the early, middle, and later parts) in the
sequence (see Fig. 5). This way, we can analyse the effect of posi-
tion on emotion.

We find that, as ‘music’ moves ahead in a sequence, the values
of pleasantness and arousal decrease, indicating that the overall
emotional experience improves. The ‘bird’ foreground in the early
part of the sequence (PleasantnessSD = 0.04, ArousalSD = 0.09)
induces a significantly better emotional experience than in the
middle (PleasantnessSD = -0.02, ArousalSD = -0.01) or later (Pleas-
antnessSD = 0, ArousalSD = -0.02) parts. The ‘store’ foreground
shows little emotional difference between the later (Pleasant-
nessSD = -0.02, ArousalSD = 0) or early (PleasantnessSD = -0.03,
6

ArousalSD = 0) parts, but these values are better than those for
the middle part (PleasantnessSD = -0.05, ArousalSD = -0.06).

As the ‘mechanical’ foreground moves next in the sequence, the
values of both pleasantness and arousal increase, indicating
improved emotional experience. The emotional experience of this
foreground in the later part (PleasantnessSD = -0.10, ArousalSD =
-0.17) is significantly better than that in the early (Pleasant-
nessSD = -0.25, ArousalSD = -0.36) or middle (PleasantnessSD =
-0.23, ArousalSD = -0.31) parts.

In general, the positive foreground in the early part of a
sequence, or the neutral (or negative) foreground in the later part
of a sequence, induces a better emotional experience.
3.3. Single foreground acoustic sequence and the dynamic changes of
emotion

We now explore if the sudden appearance of the foreground in
the background will cause an emotional fluctuation and how this
happens. We also determine if and how emotion recovers within
a period after the foreground is over, with only the background left.
3.3.1. Acoustic sequence and emotion fluctuation
The emotional data in response to when the foreground is in the

middle of the sequence are summarized to compare the emotional
fluctuations from the foreground’s appearance. The curve within
15–30 s in Fig. 6 is the fluctuation curve (D30–15 represents the dif-
ference value between the 30 s and 15 s).

A comparison of the fluctuation curves shows that the appear-
ance of ‘music’ can significantly elevate emotional experience,
regardless of the background. Especially when ‘music’ and ‘water’



Fig. 5. Different positions of the foreground with respect to emotion.
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are combined, the maximum increase in pleasantness can
reach + 0.22 owing to the two positive sounds. The appearance
of ‘mechanical’ can worsen the emotional experience, irrespective
of the background. Compared with other foregrounds, this decline
in pleasantness (D30-15 = -0.76) and arousal (D30-15 = -0.8) is the
strongest. The ‘store’ foreground can cause a smaller decrease in
both pleasantness (D30-15 = -0.15) and arousal (D30-15 = -0.28) com-
pared with the ‘mechanical’ foreground. Moreover, the ‘bird’ in the
background of ‘voice’ or ‘traffic’ causes weak emotional fluctuation.

Our results also show that irrespective of which foreground
appears in the background of ‘water’, we observe a large fluctuation
in emotion (D30-15 in pleasantness ranges from –0.48 to 0.20, D30-15

in arousal ranges from –0.38 to 0.02). In the background of ‘voice’,
this fluctuation is the smallest (D30-15 in pleasantness ranges from
�0.48 to 0.15, D30-15 in arousal ranges from �0.45 to –0.04).

In general, when the positive foreground appears in the positive
background, the rise in emotion is highest. When the negative fore-
ground appears in the positive background, rather than a negative
one, the decline in emotion is the highest, which is an interesting
finding. Finally, the foreground that appears in a positive back-
ground causes high emotional fluctuation, compared with the
other types of background.

3.3.2. Acoustic sequence and emotion recovery
The emotional data in response to when the foreground is in the

early sequence are summarised to obtain a longer recovery curve
and, thus, compare the emotional recovery after the foreground is
over. The curve within 15–45 s is the recovery curve, as shown in
Fig. 7.

A comparison of the arousal recovery curve shows an upward
trend in the period after the foreground is over. We find a sharp
increase within 15–30 s and a steady increase within 30–45 s. A
comparison with the value at 45 s shows that the value in the back-
7

ground of ‘water’ is always larger than it is in the background of
‘traffic’, which, in turn, is larger than in ‘voice’ (except for the
recovery curve after the ‘store’ foreground). This result implies a
high correlation between the recovery of arousal and the back-
ground type.

However, when we compare the pleasantness recovery curve,
we see that it varies by foreground. After the ‘music’ finishes, the
value of pleasantness in the background of ‘water’ is always higher
than it is in the ‘traffic’, which, in turn, is higher than in ‘voice’,
which is the same for arousal.

Once the ‘bird’ and ‘store’ foreground are over, the pleasantness
curve increases for the background of ‘water’ but is stable for
‘voice’ and ‘traffic’, which is almost coincidental. Paired-samples
t-test analysis also confirmed this (see Pair 1 and Pair 2 in Table 3).

After the ‘mechanical’ foreground is over, the pleasantness rises
more rapidly for the background of ‘water’ compared with the
others.However, the curves also rise andpartially coincide for ‘voice’
and ‘traffic’. The rank-sum test indicates that the recovery between
15 and 30 s has no statistical differences (see Pair 4 in Table 3).

The results also indicate that, for the ‘voice’ and ‘traffic’ back-
grounds, the pleasantness recovery after ‘bird’ is always better
than that of ‘store’, which is, in turn, even better than ‘mechanical’.
Therefore, in these two backgrounds, the recovery of pleasantness
correlates to the foreground type.

In general, the recovery of arousal correlates with the back-
ground type, showing that the value in the positive background
is always higher than that in the negative background, which is,
in turn, higher than in the neutral one. However, the recovery of
pleasantness has the highest value in the positive background
and is correlated with the foreground type for the neutral or neg-
ative background. The more positive the foreground is, the better
pleasantness recovery will be in the neutral or negative
background.



Fig. 6. Acoustic sequence and emotional fluctuation. Notes: The red/ yellow/ blue/ green line represented the foreground sound of ‘‘music”/ ‘‘store” / ‘‘bird” / ‘‘mechanical”.
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3.4. Effect of combined foregrounds on regulating emotion

We now take the ‘mechanical’ foreground, which causes nega-
tive emotions and observe its effect on regulating emotions. We
do so by placing the positive foreground (‘bird’) before and after
it. Fig. 8 shows lines of three colours; the grey line is the baseline
for comparison, and we derive it from the emotional data obtained
when the ‘mechanical’ foreground appears in the middle of the sin-
gle foreground sequence. We intercept the data within 15–60 s and
0–45 s for the red line and green line, respectively, from the entire
8

60 s of the combined foreground sequence for mapping to obtain a
more intuitive comparison.

Comparing the red line and baseline, we find that adding the
‘bird’ in front of the ‘mechanical’ foreground has a weak to no
effect in regulating negative emotions in the background of ‘wa-
ter’ within 15–30 s, and a long-lasting effect in relieving nega-
tive emotions generated by the ‘mechanical’ foreground in the
background of ‘voice’ (excluding some special periods) and ‘traf-
fic’ within 15–45 s. When comparing the green line and base-
line within 30–45 s, we find that adding the ‘bird’ behind the



Fig. 7. Acoustic sequence and emotion recovery. Notes: ‘‘Fore” stands for foreground sound, the red / blue/ green line represented the background sound of ‘‘voice” / ‘‘traffic” /
‘‘water”.
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Table 3
Correlation of pleasantness recovery for paired samples.

Acoustic
sequence pair

Pair 1
(Bird + voice/ bird + traffic)

Pair 2
(store + voice/ store + traffic)

Pair 3
(mechanical + voice/ mechanical + traffic)

Pair 4
(mechanical + voice/ mechanical + traffic)

Period 15–45 s 15–45 s 15–45 s 15–30 s
p 0.06 0.55 0.01 0.06

Fig. 8. Combination of foreground acoustic sequences and emotion regulation, Notes: Fore = foreground sound.
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‘mechanical’ foreground can accelerate emotional recovery in
the background of ‘water’ and ‘voice’, which is more obvious
for pleasantness but is complicated in the background of
‘traffic’.

We can thus conclude that a positive foreground can regulate
negative emotions. This effect correlates with the position of the
positive foreground and the background type. A positive fore-
ground in front of a negative one can also relieve negative emo-
tions with a long-lasting effect. This effect is stronger for neutral
and negative backgrounds but weaker for positive backgrounds.
Moreover, a positive foreground behind a negative one accelerates
emotional recovery, and this effect is stronger for positive back-
grounds but more complicated for negative backgrounds. More
detailed research is necessary to fully uncover the relationship
between acoustic sequence and emotional regulation.
4. Discussion

In general, the type of background plays a decisive role in the
emotional perception of the soundscape. For example, the positive
background, ‘water’, can cause a more positive emotional response,
which coincides with the literature on the preference for the
soundscape [42,49]. When we add a negative foreground to a pos-
itive background, the emotional fluctuation is the largest, and the
emotional recovery is the fastest after the foreground is over.
When we further add a positive foreground behind the negative
one to regulate emotion, we obtain the best effect. However, the
emotional response to the neutral background (voice) is lower than
that to the negative one (traffic). On the contrary, the evaluation of
the preference for or annoyance toward the soundscape implies
that ‘traffic’ has a lower preference but a higher annoyance score
compared with ‘store’ [2,49,50]. These differences also prove that
the emotional perception of a soundscape sequence is quite an
interesting field of research.

When we compare the emotional perception of the foreground
with the mean value, we find that the more positive the fore-
ground, the better the emotional perception. However, ‘bird’, as a
positive foreground with a high mean value, did not cause an obvi-
ous emotional fluctuation, that is, the ‘bird’ foreground was ‘swal-
lowed’ in the emotional perception of the sound sequence with the
‘voice’ and ‘traffic’ background. This swallowing phenomenon of
the sound source in the sequence indicates that it is not enough
to analyse the sound sequence only by the mean value. More
detailed data, such as continuous emotion data, may help us better
understand the complexity of the sound sequence. However, for
this kind of continuous-time data, a better analysis method needs
to be introduced. Finally, the forward positive foreground and the
backward negative foreground allow better emotional perception,
but the positive foreground placed in the front of the sequence also
has a long-lasting effect on emotion regulation. The relationship
between position and the effect time of the foreground should thus
be further explored.

This research is crucial because it focuses on the sound
sequence in urban soundscape design from the perspective of emo-
tional perception. The emotional perception of the background in a
soundscape sequence emphasises the importance of considering
soundscape design at the first stage of urban space design. This is
the most effective and economical approach. For example, to create
a more positive urban park background, setting the park in a small
area surrounded by urban arterial roads (which may also mean less
greenery to shield traffic noise) may be a bad choice. For spaces
with a positive background, negative stimuli can cause a strong
negative effect; hence, avoiding negative stimuli, but adding more
positive foregrounds, is the most effective strategy. It is also effec-
11
tive to regulate emotional perception for a negative foreground or
background by adding more positive foregrounds. However, the
selection of the foreground is critical. For example, ‘music’ seems
to be more effective for traffic space.
5. Conclusion

This paper discusses the influence of the urban soundscape
sequence on emotions and suggests some recommendations for
an urban soundscape design based on the following results:

� Compared with the foreground, the background has a greater
effect on emotions.The type of background sound can deter-
mine the position of emotional experience in the emotional
space. The background of water can get a better emotional
experience in the upper right corner in the emotional space
with the value of the two dimensions of emotion are all posi-
tive(the value of pleasantness range from 0.17 to 0.30, the value
of arousal range from 0.10 to 0.13),while the background of traf-
fic or voice can get a poor emotional experience at the bottom
left in the emotional space with the value of the dimensions
are partial or total negative (the value of pleasantness range
from �0.17 to 0.09, the value of arousal range from �0.22 to
�0.02).

� The position of the foreground in the acoustic sequence triggers
varied effects on emotion. A positive foreground in the early
acoustic sequence, or a negative foreground in the later acoustic
sequence, yields better emotional experience, that is the emo-
tion will tend to move to the upper right corner in the emo-
tional space with the value of the two emotional dimensions
becomes higher.

� In the background, the emotion changes with the change in the
foreground. The appearance of a foreground causes emotional
fluctuations, while its end is followed by emotional recovery.
Specifically, a positive foreground in a positive background
induces positive emotions, while a negative foreground in a
positive background induces negative emotions. A positive
background with any foreground type causes great emotional
fluctuation. Once a foreground ends, the emotional recovery of
arousal depends on the background type, while the recovery
of pleasantness depends on the foreground type only for a neu-
tral or a negative background. Thus, the more positive the fore-
ground is, the better the emotional recovery following the
neutral or negative background.

� Combining foregrounds can effectively regulate emotions, but
this effect is not only related to the positive foreground’s posi-
tion but also to the background type.

Our results showed that the sound sequence with the ‘traffic’
background sound had neither positive nor negative effects on
the emotion. Conversely, for a space with a poor sound sequence,
such as the road and its surrounding areas, it can improve the gen-
eral emotional perception of the sound sequence by adding a pos-
itive foreground sound. The earlier position of foreground sound in
the sequence, the better improving effect it has on emotion. How-
ever, future research is needed on the questions about the appro-
priately introduced sum of the positive foreground sounds and
the time interval between different foreground sounds in the intro-
duction process. In addition, if a bad sound source, such as the
mechanical noise, appears in a sound sequence, it is also helpful
to introduce a positive foreground sound around it to improve
the overall emotional perception of the sequence if the bad sound
source cannot be controlled. However, for an urban space with
diverse functions, like a commercial pedestrian street, the interac-
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tion between people and space may be the origin of the positive
aspects of the emotion, not just the sound. Therefore, the research
on the emotional perception of urban soundscape sequences in the
real multisensory environment is worthy of further exploration.

There are also some limitations in this research. Theoretically,
the emotional changes reported by the subjects in the software
were caused only by the sounds they heard and not by other fac-
tors. There is a risk in asking people to do so because it is not a nat-
ural task. Although some scholars use the physiological indicators
to evaluate emotional changes indirectly, the self-reports, as a
direct way, is still considered appropriate. On the other hand, the
emotions measured in this experiment are the perceived emotions,
not the elicited emotions. There is a fundamental difference
between them, the former emphasizes the perception of emotions
represented by sounds, but the latter focuses on the emotions that
the sound induces or arouses in their mind [12].This study can only
explain the results in the ideal situation with only soundscape, and
more research is needed in the real multisensory environment.
Finally, the results of this study are only representative of young
people. For people of other age groups, more studies are still
needed. Simultaneously, more studies are needed for the urban
sound sequence, which is longer and more complex.
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