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The purpose of this study is to analyze the relationship between the visual landscape and soundscape factors of
the public spaces in old residential areas and their attention restoration benefits for residents and to determine the
main influencing factors. In this paper, the public spaces of six typical old residential areas in Tianjin were se-
lected as the research object, and the restorative benefits of the respondents were analyzed through virtual reality
environment, subjective evaluation, and attention testing methods. The results showed that the attention restoration
benefits of the central square in the old residential area were better than those of the public space along the street.
Second, greenery satisfaction, environmental cleanliness, architectural aesthetics, sky visibility, and soundscape
evaluation are all significantly positively correlated with the attention restoration level. Finally, a “visual landscape
and soundscape perception evaluation–attention restoration level” structural equation model was constructed. Ac-
cording to the model, both the visual landscape factors and soundscape evaluation factors in old residential areas
had a direct positive impact on the attention restoration level, with a greater impact exerted by visual landscape
factors than by soundscape evaluation factors. The findings from this study can provide significant information for
the renewal of old residential areas.

1. INTRODUCTION

With the ever-increasing size and density of cities, the neg-
ative emotions and mental pressure of urban residents cannot
be ignored. According to relevant surveys, 73.6 % of Chinese
urban residents had a mental subhealth status in 2017, and only
10.3 % of them qualified as mentally healthy.1 The outbreak of
COVID-19 has also had a negative impact on people’s mental
health.2 According to a WHO report, COVID-19 has increased
the prevalence of global anxiety and depression by 25 %.3 In
the context of the normalization of epidemic prevention and
control, home offices have become a very common environ-
ment for work. Maintaining directed attention for long periods
of time readily causes stress and fatigue. Therefore, attention
should be given to whether the built environment of residential
areas has the potential to alleviate mental fatigue.

Based on stress reduction theory (SRT)4, 5 and attention
restoration theory (ART),6, 7 an increasing number of stud-
ies have focused on the restoration effects of the environ-
ment on human stress, attention, positive emotions, etc. SRT
assumes that when individuals are exposed to an ideal non-
threatening environment, their negative emotions and stress
are reduced.5 ART is a cognitive framework, directed at-
tention fatigue (DAF) related to the restoration of mental fa-
tigue8 and proposes four characteristics of a restorative envi-
ronment—being away, fascination, extent and compatibility.7

The ideal visual environment can alleviate the mental pres-
sure of residents and effectively restore positive emotions.5, 7

Evans et al. found that factors such as residential density,
facility layout and housing conditions have direct or indirect
effects on mental health.9 Ye et al. showed that semi-open
spaces that offer a sense of sight encirclement that includes a
view of distant scenery are more conducive to positive restora-
tive experiences in urban public spaces.10 Kimura et al. con-
firmed through experiments that watching natural scenes such
as forests, flowing water and leaves is a beneficial way for peo-
ple to restore their attention.11 Berdejo-Espinola et al. inves-
tigated the use of green space during COVID-19 in Australia
and found that urban green space can effectively relieve peo-
ple’s stress and depression.12 Lindal et al. found that in resi-
dential areas, rich building facades have a positive impact on
people’s psychological restoration, while taller buildings re-
duce the feeling of “being away,” which exerts a negative im-
pact on psychological restoration.13 Zhang et al. discussed the
relationship between environmental perception and residents’
subjective happiness and found that a clean environment has a
significant positive impact on residents’ positive emotions.14

In addition to visual landscape perception, soundscapes are
also an important factor affecting residents’ relief of mental
pressure. In terms of types of sound source, Zhang et al. found
that natural sounds such as bird calls and the sound of running
water can effectively promote positive emotions, which have
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a positive effect in turn on the attention restoration of individ-
uals.15 Wallenius proposed that the annoyance level caused
by road traffic noise is positively correlated with suffering by
urban residents.16 Dzhambov et al. conducted an online sur-
vey of college students during the COVID-19 home quaran-
tine period and found that mechanical sounds in the environ-
ment reduce the restoration effect, thereby leading to poor self-
evaluations of health status.17 From the perspective of sound-
scape characteristics, Medvedev et al. showed that a pleas-
ant acoustic environment can help to relieve people’s stress
more quickly.18 Guo et al. found that in urban parks, it is
the pleasantness of soundscapes that has a high restoration po-
tential rather than their eventuality, and further results showed
that audio-visual interactive stimulation has higher restoration
benefits than single sensory stimulation.19 Herranz-Pascual et
al. found that sound comfort is associated with a reduction in
negative and an increase in positive emotional states.20 Zhang
and Kang analyzed the acoustic needs of the elderly in the out-
door environment of the residential areas, and found that sound
preference, quiet and acoustic variability can affect the acous-
tic comfort. Increasing the coverage of vegetation in the res-
idential areas and the formation of multi-level greening can
also significantly improve the comfort of the overall acoustic
environment.21

Residential areas are an important component of a city, and
their environmental conditions directly affect the health level
and quality of life of residents. Due to a lack of reasonable
planning and routine maintenance, the internal environment
of old residential areas has begun to decay. Dense buildings,
damaged facades, poor environmental sanitation, and lack of
ornamental plant landscapes seriously affect the quality of the
visual environment. In the meantime, the acoustic environment
in residential areas is of poor quality because of the complex
population composition and the disorderly traffic caused by
motor vehicles. To improve the quality of life of residents, the
Chinese government attaches great importance to the renova-
tion of old residential areas. According to statistics, during the
period of 2012–2022, China renovated approximately 163,000
old urban residential areas to the benefit of more than 28 mil-
lion residents. It is estimated that by 2025, China will basically
complete the renovation of 219,000 old urban residential areas
built before 2000.22 However, at present, the renovation direc-
tion of residential areas is mainly focused on residential quality
improvement, elderly friendly environmental design and other
aspects, lacking a consideration of the health and restoration of
public space.

Therefore, this study aims to (1) evaluate the restoration
benefits of the visual landscape and soundscape in the pub-
lic spaces of old residential areas, (2) explore the relationship
between the visual landscape and soundscape perception fac-
tors of the public spaces of old residential areas and their atten-
tion restoration level, and (3) apply a structural equation model
for extracting the main factors affecting the restoration benefits
and propose renovation strategies for the public spaces of old
residential areas according to those main influencing factors.

2. METHODS

This study mainly includes four steps. First, we carry out
scene video acquisition and sound pressure level measurement
in the sampled residential areas. Second, we screen and de-
termine the perception variables of the visual and audio envi-
ronments and complete the questionnaire design. Third, we

conduct the restoration experiment using virtual reality (VR).
Finally, we analyze the relationship between the visual land-
scape and soundscape factors and the attention restoration level
and construct a structural equation model.

2.1. Site Selection and Audio-Visual Data
Collection

As the largest coastal city in northern China, Tianjin has
conducted large-scale planning and construction for residential
areas since the 1980s. In the central area of the city, there were
more than 3, 000 residential areas that had been built before
2000, with their land area accounting for 59 % of the total resi-
dential land area of the city and covering approximately 3 mil-
lion residents.23 The residential area is dominated by multi-
storey unit houses arranged in rows. The land scale is mostly
between 3 ha and 15 ha, which gradually increases from the
urban center to the outer edge, and the plot ratio is between 1.2
and 3.0, showing a gradient decreasing trend from the urban
center to the outer edge.24

In this study, six representative residential public spaces in
six districts of Tianjin were selected as the research objects.
As shown in Table 1, R1–3 display the central squares of the
residential areas, and R4–6 display the public spaces along the
streets of the residential areas. The residential areas where the
sampling public spaces were located were built before 2000,
with land areas between 3.0 ha and 8.0 ha, plot ratios between
1.2 and 2.4, and building densities between 20 % and 40 %.
The buildings are mainly multistorey and arranged in a row or
enclosed layout.

On a sunny day in December 2020, the visual and audio en-
vironment data of each public space targeted were collected
during two peak hours of crowd activities: 9:00–12:00 and
14:00–17:00. For the visual landscape, GoPro Max was used,
and panoramic video was recorded at 60 Mbps in 5.6K Ul-
tra HD resolution and 30 fps resolution. All of which in-
cluded the surrounding buildings, natural vegetation, sports
facilities, roads, and other landscape factors. For the sound-
scape, 4-channel HEAD acoustics 2019 binaural earphone was
applied to capture sound recordings on the spot. Simultane-
ously, the sound pressure level was measured with a HS5671B-
type sound-level meter for 5 min per measurement. During
measurement, the microphone was kept more than 1 m away
from the external wall of the building and read an A-weighted
sound-pressure level every 10 s. Acoustic environment charac-
teristics were obtained by calculating the A-weighted sound-
pressure level (SPL, LAeq) and percentile SPLs (L10 and
L90). The mean LAeq of the six sites was distributed in the
broad range of 53.7˘67.5 dBA. LAeq was the lowest at Site
R2 (central square) and the highest at Site R6 (roadside).

All visual and audio environment data were measured from
a height of 1.5 m. The corresponding visual and audio envi-
ronment characteristics and panorama of each space are shown
in Table 1.

2.2. Measurement of Attention Restoration
Level

In this study, the attention restoration level was determined
by the Schultz tables test, which has been widely used in atten-
tion tests and evaluations and has been demonstrated to have
good reliability and validity.25, 26 The 55 Schulter grid matrix
was used in this experiment, with 25 numbers from 1-25 in the
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Table 1. Visual and audio environmental characteristics and panorama of the sampled public spaces.

The name of
old residential area

Visual
landscape features

Acoustic environment
characteristics (dBA) Plan Panorama
LAeq L10 L90

Fengguangli
Open space,

moderate number of trees,
clean and tidy environment

55.6 57.4 46.8

QingchunNanli
Open space,
lots of trees,

clean and tidy environment
53.7 57.0 45.6

Ziyali
Open space,
lots of trees,
less paving

62.1 63.0 50.6

JiayuanDongli
(Southern)

Open space,
moderate number of trees,

proximity to road
54.6 56.0 51.2

JiayuanDongli
(Eastern)

Open space,
a few trees,

proximity to road
62.4 65.2 53.2

Dunhuanglou
Open space,

moderate number of trees,
proximity to road

67.5 70.8 55.8

grid. Subjects were instructed to click these numbers in as-
cending order, and if the subject clicked the incorrect number
midway through the session, they would then be immediately
asked to select the correct number and continued the experi-
ment until the end of the experiment, and the time spent was
recorded. After the experiment, the difference in the test time
between the two attention levels before and after the subject’s
attention recovery experiment was measured as the ∆At, as
shown in Eq (1).

Level of attention recovery∆At = At1 −At2; (1)

where, At1 and At2 are the time of attention recorded in the
test before and after the restoration experiment, respectively.
∆At > 0 means that the time is shortened, and the restoration
benefit is positive, whereas ∆At = 0 means the time is equal
and affords no restoration benefit, and ∆At < 0 means that
the time is extended and the restoration benefit is negative.

2.3. Questionnaire Design
The questionnaire includes two parts: the basic informa-

tion regarding the subjects and the environmental perception
evaluation scale. The basic subject information mainly cap-
tures the subjects’ sex, age, educational major and other in-
formation. The environmental perception evaluation scale
focuses on visual landscape factors and soundscape evalua-
tion factors. As shown in Table 2, the visual landscape fac-
tors include greenery satisfaction, environmental cleanliness,
architectural aesthetics, sky visibility, and spatial openness,
and they are evaluated as “poor–good.” The soundscape eval-
uation factors include quietness, pleasantness and comfort,
which are evaluated by “noisy–quiet,” “annoying–pleasant”
and “painful–comforting,” respectively. In the experiment,
the corresponding parameters were scored on a 5-point Likert
scale.

2.4. Experimental Procedure
Virtual reality (VR) technology presents subjects with an

immersive experience by constructing 3D digital scenes with
immersive, realistic and three-dimensional elements. Relevant
studies have confirmed that the virtual environment is effective
in cognitive competence,27 emotional health28 and physiologi-
cal stress restoration.29 Therefore, this study uses audio-visual

data to create a VR environment in the laboratory and com-
bines the attention restoration level test to evaluate the attention
restoration benefits of the visual landscape and soundscape in
the public spaces of old residential areas.

To calibrate the equivalent continuous A-weighted sound
pressure level, the HEAD acoustics 2019 binaural earphone
was worn to the Dummy head. The audio was then played
and the sound pressure level of the audio was measured seg-
mented using a sound-level meter (Bk type2270). Specifically,
the sound pressure level of three 10 s segments of the front,
middle and back audio measurements were taken, and the av-
erage value was calculated. Taking the audio of the R3 scene
as an example, the sound pressure level measurements for the
three time periods were 60.3 dBA, 56.5 dBA and 63.3 dBA.
After calculating the average value, it is found that the result
is 2.1 dBA different from the error of the field measurement,
and the error is small, indicating that the recording of HEAD
acoustics 2019 binaural earphone can express the actual sound
situation and meet the requirements of the experiment.

Relevant studies have shown that students usually experi-
ence anxiety in English or other foreign language environ-
ments.30 Therefore, this experiment consumes subjects’ at-
tention through an English listening test. In this experiment,
200 college students were recruited as subjects, with a male to
female ratio of 1 : 1, who are majoring in urban and rural plan-
ning, architecture, design, etc. All subjects had normal hearing
and vision (including with correction) and did not suffer from
color blindness.

The experiment was conducted in the following order in a
closed office environment, with a single experiment lasting ap-
proximately 30 min. The specific steps are as follows:

a A listening test was conducted on CET-4 (College En-
glish Test Band 4) for approximately 25 minutes, produc-
ing stress in all subjects and putting them into a state of
attention consumption.

b The Schultz Tables attention level test was conducted un-
der the consumption state, capturing the time of At1,
which takes approximately 1 min.

c Subjects wore VR helmets and HEAD acoustics with
2019 binaural earphones to become immersed in a virtual
scene rendering the sound-vision integration in the central
square of the residential area or the public space along the
street for approximately 3 min.
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Table 2. The visual and audio environment perception evaluation scale.

Type Evaluation dimension Very Slightly Neutral Slightly Very

Visual landscape
factors

Greenery satisfaction Poor 1 2 3 4 5 Good
Environmental cleanliness Poor 1 2 3 4 5 Good

Architectural aesthetics Poor 1 2 3 4 5 Good
Sky visibility Poor 1 2 3 4 5 Good

Spatial openness Poor 1 2 3 4 5 Good

Soundscape
evaluation factors

Quietness Noisy 1 2 3 4 5 Quiet
Pleasantness Annoying 1 2 3 4 5 Pleasant

Comfort Painful 1 2 3 4 5 Comforting

Table 3. Basic information of the subjects.

The central square group The public space group
of the residential area (N=134) along the street (N=122)

Indicators Number of Indicators Number of
samples (%) samples (%)

Gender Male 63 (47.01 %) Gender Male 60 (49.18 %)
Female 71 (52.99 %) Female 62 (50.82 %)
≤20 72 (53.73 %) ≤20 74 (60.66 %)

Age 21-25 57 (42.54 %) Age 21-25 47 (38.52 %)
>25 5 (3.73 %) >25 1 (0.82 %)

Urban and Urban and
Rural 95 (70.90 %) Rural 87 (71.31 %)

Major Planning Major Planning
Architecture 35 (26.12 %) Architecture 32 (26.23 %)

Design Science 4 (2.98 %) Design Science 3 (2.46 %)

d Another attention level test was conducted on subjects,
recording the time of At2, and then the visual and audio
environment perception evaluation scale results were cap-
tured.

During the experiment, 60 subjects participated in two tests
of attention recovery level in different groups. It is worth not-
ing that the second test of the 60 subjects was one week be-
tween the first test, and the stress stimulation and recovery test
questions were not repeated to avoid interference with the re-
sults of the subjects or familiarity with the specific content of
the test in advance. Finally, a total of 260 questionnaires were
collected in the experiment (Table 3), including 134 valid ques-
tionnaires regarding the central square group of the residential
area and 122 valid questionnaires regarding the public space
group along the street, with an effective rate of 98.46 %.

2.5. Data Analysis
In this study, the data collected from the experiment were

entered into SPSS 23.0 for statistical analysis, and the rela-
tionship between the visual landscape and soundscape factors
in old residential areas and the attention restoration level was
analyzed by Spearman correlation. The R system is widely
used for statistics and calculation, where the software pack-
age Lavaan implements the construction of structural equation
models. Lavaan is an acronym for latent variable analysis,
which provides a range of tools to explore, estimate and under-
stand a wide range of potential variable models, including fac-
tor analysis, structural equations, multi-level, potential classes,
project responses, and missing data model.31 Therefore, in this
study, the Lavaan software package in the R system was used
to construct the structural equation model to analyze the impact
mechanism of visual landscape and soundscape factors on the
attention restoration level.

To construct the structural equation, the reliability and va-
lidity test and exploratory factor analysis (EFA) of the vi-
sual landscape and the soundscape evaluation results of the
subjects were first conducted, and then confirmatory factor
analysis (CFA) was conducted based on the visual landscape
and soundscape evaluation results. The goodness of fit of

Table 4. Paired-sample t-test results for the level of attention recovery before
and after the experiment.

Paired difference t df Sig.

AVG SD
Standard 95 % confidence

error interval of difference
mean value Lower Upper

∆At 2.01254 5.12468 .44270 1.13688 2.88819 4.546 133 .000(R1-R3)
∆At -.77943 4.27867 .38737 -1.54633 -.01252 -2.012 121 .046(R4-R6)

the CFA was evaluated using the maximum likelihood estima-
tion method. The visual landscape and soundscape percep-
tion evaluation–attention restoration level structural equation
model was constructed after fit modification.

3. RESULTS

3.1. Comparison of the Restoration Benefits
of the Audio-Visual Landscape in the
Public Spaces of Old Residential Areas

To compare the effects of different audio-visual scenes on
the degree of recovery of subjects, this study performed a
paired sample T-test for two test times before and after the
experiment. As shown in Table 4, the level of attention re-
covery was significantly different before and after viewing the
scene in the central square (R1-3) and the public space along
the street (R4-6). Among them, the test time of the central
square group was shortened by 2.0 s (P < 0.01), while the test
time of the public space group along the street was increased
by 0.8 s (P < 0.05).

In order to deeply analyze the differences in the effects of
different scenarios on subjects’ attention recovery, this study
compared the test time difference value (∆At) of each sce-
nario, and the results are shown in Figure 1. The average at-
tention recovery benefit of the subjects after watching the scene
in the central square of the old residential areas was positive,
while the average attention recovery benefit of the scene in the
public space area along the street was negative. Specific anal-
ysis found that the recovery level was the R1 group, with a
difference of 2.4 s, while the R4 group was obviously negative
with a difference of −1.3 s. This shows that the audio-visual
landscape in the central square of the old residential areas has
a positive impact on the recovery level of residents’ attention,
which may be related to the relatively open space in the central
square, good landscape maintenance, clean environment, and
low traffic noise level.

3.2. Evaluation of Audio-Visual Landscape
Perception Factors and Their
Relationship with Attention Restoration
Level

Figure 2 a displays the evaluation chart of the visual land-
scape factors of the public space in the sampled residential ar-
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Figure 1. Attention recovery benefits of the public spaces in old residential
areas.

eas. As shown in the figure, the subjects’ evaluation values
for the visual landscape factors of the central square (R1–3)
are all above 3.30, while the evaluation values for the public
space along the street (R4–6) are only 2.50˘3.50, and the av-
erage value of the architectural aesthetics, which is only 2.97,
is particularly low. After conducting a one-way ANOVA, we
found that the subjects’ evaluation values for the visual land-
scape factors of different public spaces contained significant
differences.

Figure 2 b shows the evaluation of the soundscape factors
of the public space in the sampled residential areas. As shown
in the figure, the subjects tend to select “noisy” in their eval-
uation of the quietness of the central square in old residen-
tial areas (R1–3) and the public space along the street (R4–6),
with an average score of 2.30˘2.80. After conducting one-
way ANOVA, we found that there was no significant differ-
ence in the evaluation results. In contrast to the evaluation
of quietness, the evaluation of soundscape pleasantness and
comfort level of the central square in residential areas and the
public space along the street showed great differences, among
which the central square in residential areas has values be-
tween 3.30 and 3.60, while the public space along the street has
values between 2.20 and 3.40. Applying one-way ANOVA, we
found that the evaluation of soundscape pleasantness and com-
fort among different public spaces had significant differences
(P < 0.01). For the purpose of exploring the impact of visual
landscape and soundscape factors on the attention restoration
level, this study conducted a correlation analysis between the
evaluation of audio-visual landscape perception factors and the
attention restoration level. As shown in Table 5, except for spa-
tial openness, the visual landscape and soundscape factors are
significantly positively correlated with the attention restoration
level. Among them, the correlation coefficient of greenery sat-
isfaction is the highest at 0.358, followed by the soundscape
evaluation factors, which ranged from 0.273 to 0.288, and the
correlation coefficient of environmental cleanliness, architec-
tural aesthetics and sky visibility is lower, ranging from 0.195
to 0.251. This shows that a beautiful visual landscape and com-
fortable acoustic environment can be conducive to the restora-
tion of people’s attention following attention consumption, es-
pecially natural landscapes such as green plantscapes. This
result is consistent with the existing research results; that is,
the natural environment can have restorative effects, such as
reducing stress or stimulating positive emotions.32

(a) The evaluation of the visual landscape factors of the
public space in old residential areas.

(b) The evaluation of the soundscape factors of the public
space in old residential areas.

Figure 2. The evaluation of audio-visual landscape perception factors of the
public space in old residential areas.

Table 5. Relationship between audio-visual landscape perception evaluation
and attention restoration level.

Visual landscape
factors

Attention
restoration

level

Soundscape
factors

Attention
restoration

level
Greenery satisfaction .358** Quietness .277*

Environmental cleanliness .251** Pleasantness .288**
Architectural aesthetics .241** Comfort .273**

Sky visibility .195**
Spatial openness .104

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

3.3. Building A Structural Equation Model
For The Evaluation Of Audio-Visual
Landscape Perception And Attention
Restoration Levels

3.3.1. Reliability And Validity Tests

In this study, SPSS 23.0 software was utilized to carry out
reliability analysis, and the results showed that Cronbach’s al-
pha coefficient was 0.765, with good internal consistency and
a high level of reliability of the data. The validity analysis of
the data was mainly achieved through an analysis of the KMO
value and Bartlett’s test of sphericity. After calculation, the
KMO value was 0.733 (KMO > 0.60), indicating that the
visual landscape and soundscape perception evaluation data
can be applied in factor analysis. The significance was 0.000
(P < 0.001), suggesting that the data passed Bartlett’s test of
sphericity.
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Table 6. Principal factors in the visual landscape and soundscape evaluation
factors that were extracted via EFA.

No Common Observed Factor Explained
factor variables loading variance (%)

1 Visual landscape Greenery satisfaction (X1) .839 18.577
factors Architectural aesthetics (X3) .782

2
Environmental cleanliness (X2) .636

24.838Spatial factors Sky visibility (X4) .782
Spatial openness (X5) .858

3
Soundscape Quietness (X6) .741

26.086evaluation Pleasantness (X7) .818
factors Comfort (X8) .826

Table 7. The values of goodness-of-fit indices for the meta and modified
models.

Model fit index Recommended values Initial values Modified values
P-value >0.05 0.110 0.510

GFI >0.90 0.977 0.985
CFI >0.90 0.988 1.000

RMSEA <0.08 0.040 0.000

3.3.2. EFA Of Visual Landscape And Soundscape
Factors

There are 8 variables applied in the visual and audio en-
vironment perception evaluation scale: greenery satisfaction
(X1), environmental cleanliness (X2), architectural aesthet-
ics (X3), sky visibility (X4), spatial openness (X5), quietness
(X6), pleasantness (X7), and comfort (X8). SPSS 23.0 was
used for principal component analysis, and the factor loading
matrix was calculated to obtain the rotated principal compo-
nent matrix through maximum variance analysis. The results
are shown in Table 6. Finally, three common factors were ex-
tracted, with a total explanation degree of 69.50 % (a good
explanation degree exceeds 60 %). The three common factors
were summarized as visual landscape factors, spatial factors
and soundscape evaluation factors.

3.3.3. CFA Of Visual Landscape And Soundscape
Factors

The common factors obtained from the EFA results were
regarded as exogenous potential variables, which were visual
landscape factors, spatial factors and soundscape evaluation
factors. The difference result of the attention restoration test
was regarded as the endogenous observed variable, which was
set as the attention restoration level. The visual landscape and
soundscape perception evaluation–attention restoration level
structural equation model in old residential areas was estab-
lished. To test the reliability of the model, CFA was carried
out with Lavaan in the R system. The results showed that three
groups of exogenous observed variables had strong internal
correlation, indicating the reliable explanation degree of the
observed variables on the latent variables. Parameter estima-
tion was carried out with the maximum likelihood estimation
method, with the P value (Chi-square), goodness-of-fit index
(GFI), comparative fit index (CFI), root mean square error of
approximation (RMSEA) and other parameter values used as a
basis for reference to judge the rationality of the model and to
modify its internal path.

Relevant studies33, 34 have shown that visual landscape fac-
tors, spatial factors and soundscape evaluation factors may af-
fect the attention restoration level of public spaces, and vi-
sual landscape factors can also affect their soundscape percep-
tion evaluation.35 Therefore, two main assumptions (Ma,Mb)
and five specific assumptions (Ma1,Ma2,Ma3,Mb1,Mb2)
were proposed to complete the construction of the visual land-

Figure 3. The visual landscape and soundscape perception evalua-
tion–attention restoration level meta-model for old residential areas.

scape and soundscape perception evaluation–attention restora-
tion level meta-model for old residential areas, as shown in
Fig. 3.

3.3.4. Fit Modification Of The Structural Equation
Model

The parameters of the structural equation model were esti-
mated using the maximum likelihood estimation method on the
basis of the preliminary structural equation. Based on the mod-
ification index (MI) values and P (> |z|) values of the paths
in the output results, and on the premise of reasonable model
logic, the modified path with MI> 3.0 was added, which en-
tailed architectural aesthetics positively correlated with spatial
openness and greenery satisfaction negatively correlated with
environmental cleanliness. Furthermore, the paths Ma2 and
Mb2, which did not reach statistical significance, were deleted.
Thus, the GFI of the model was further optimized after mod-
ification, the correlation of all paths was significant, and the
model fit was improved (Table 7), indicating that using the vi-
sual landscape and soundscape perception evaluation–attention
restoration level relationship model in old residential areas af-
ter modification was more reasonable. According to the model
paths of visual landscape factors → attention restoration level,
soundscape evaluation factors → attention restoration level and
visual landscape factors → soundscape evaluation factors →
attention restoration level, visual landscape factors and sound-
scape evaluation factors have a significant impact on the at-
tention restoration level in the public spaces of old residential
areas. In addition, visual landscape elements can also indi-
rectly promote attention recovery by influencing soundscape
assessment.

3.3.5. Visual Landscape And Soundscape Perception
Evaluation–Attention Restoration Level Struc-
tural Equation Model

Figure 4 shows the visual landscape and soundscape per-
ception evaluation–attention restoration level structural equa-
tion model in old residential areas after modification, and Ta-
ble 7 shows its paths and parameter results. As shown in Fig-
ure 4 and Table 8, visual landscape factors and soundscape 2
evaluation factors have a significant direct impact on the at-
tention restoration level, and the standardized path coefficients
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Figure 4. Modified model of the visual landscape and soundscape perception
evaluation–attention restoration level in old residential areas.

are 0.372 (P ≤ 0.01) and 0.176 (P ≤ 0.05), respectively. Vi-
sual landscape factors are the main factors that affect attention
restoration. The observed variables of greenery satisfaction
and architectural aesthetics make similar contributions to vi-
sual landscape factors, with factor loadings of 0.616 and 0.678,
respectively. The soundscape evaluation factors are the sec-
ondary factors affecting attention restoration, and the observed
variables of pleasantness and comfort make greater contribu-
tions, with factor loadings of 0.826 and 0.827, respectively.

Visual landscape factors have a positive impact on sound-
scape evaluation, and the standardized path coefficient is 0.534
(P ≤ 0.01). Therefore, visual landscape factors can further
affect the attention restoration level through soundscape evalu-
ation, indicating that the improvement of the visual landscape
not only improves the restoration level, but also optimizes peo-
ple’s acoustic environment experience, induces positive emo-
tions, and enhances the level of attention restoration.

Spatial factors have no direct impact on the attention restora-
tion level but do have a significant positive correlation with
visual landscape factors (P ≤ 0.01), and the standardized
path coefficient is 0.673, indicating that a comfortable space
improves people’s satisfaction with the visual landscape and
thereby affects the attention restoration level.

Through the analysis of observed variables, it is found that
there is a positive correlation between spatial openness and ar-
chitectural aesthetics (P ≤ 0.05). The reason may be that
beautiful and harmonious architectural facades can improve
the sense of scale in the public space and make it more com-
fortable and pleasant.36 Environmental cleanliness is signif-
icantly positively correlated with quietness (P ≤ 0.05) and
pleasantness (P ≤ 0.01). This shows that an improvement to
the environmental sanitation conditions at the site has a posi-
tive impact on the soundscape evaluation and thus affects the
restoration level. Environmental cleanliness is significantly
negatively correlated with greenery satisfaction (P ≤ 0.05).
This may be because the survey time is winter in Tianjin,
China, and there are a large number of green plants in the pub-
lic space with high green satisfaction. Affected by the weather,
there are more leaves on the ground, resulting in low environ-
mental cleanliness.

Table 8. Standardized path loadings for the modified model of the visual land-
scape and soundscape perception evaluation–attention restoration level in old
residential areas.

Path Estimate Standard P(> |z|) Standardized
Error Coefficient

Visual landscape factors 1.000 – – 0.676=∼ Greenery satisfaction
Visual landscape factors 0.926 0.150 0.000 0.618=∼ Architectural aesthetics

Spatial factors 1.000 – – 0.733=∼ Environmental cleanliness
Spatial factors 0.715 0.152 0.000 0.547=∼ Sky visibility
Spatial factors 0.669 0.145 0.000 0.515=∼ Spatial openness

Soundscape evaluation factors 1.000 – – 0.508=∼ Quietness
Soundscape evaluation factors 1.583 0.210 0.000 0.826=∼ Pleasantness
Soundscape evaluation factors 1.700 0.225 0.000 0.827=∼ Comfort
Soundscape evaluation factors 0.399 0.087 0.000 0.534∼ Visual landscape

Attention restoration level -2.841 0.770 0.000 0.372∼ Visual landscape factors
Attention restoration level -1.794 0.870 0.039 0.176∼ Soundscape evaluation factors

Greenery satisfaction -0.136 0.056 0.015 -0.272∼ Environmental cleanliness
Environmental cleanliness 0.122 0.049 0.013 0.209∼ Quietness
Environmental cleanliness 0.108 0.039 0.005 0.292∼ Pleasantness

Architectural aesthetics 0.084 0.040 0.034 0.129∼ Spatial openness
Sky visibility 0.388 0.072 0.000 0.539∼ Spatial openness

Visual landscape factors 0.190 0.049 0.000 0.673∼∼ Spatial factors
Note: table uses Lavaan notation
(=∼: factor loadings; ∼: regression paths; ∼∼: covariances).

4. DISCUSSION

With the increasing number of home office residents, the
need for psychological restoration is an urgent issue for the re-
newal of residential areas. Many studies have confirmed that
visual landscapes and soundscapes have a significant impact on
alleviating residents’ mental pressure.9–11 In this study, the re-
lationship between the visual landscape and soundscape in the
public spaces of old residential areas and attention restoration
was comprehensively analyzed, and an optimization strategy
for the visual landscape and soundscape was proposed.

4.1. Effect of Visual Landscape And
Soundscape Factors In Old Residential
Areas On Their Attention Restoration
Levels

According to the experimental data, 59.38% of the subjects
had a shorter time for the second attention level test than for the
first test in the central square of the residential areas and the
public space along the street, indicating that the visual land-
scape and soundscape of the public space in old residential
areas exert restorative effects. Zhang et al. also carried out
similar experiments in urban parks and found that 89.6% of
subjects significantly restored their level of directed attention
after rest and relaxation.15 Although the soundscape and vi-
sual landscape of the public space in old residential areas and
urban parks are very rich, the poor maintenance of the land-
scape, the damaged and dilapidated buildings, the poor quality

306 International Journal of Acoustics and Vibration, Vol. 28, No. 3, 2023



Z. Zhou, et al.: EFFECT OF THE VISUAL LANDSCAPE AND SOUNDSCAPE FACTORS ON ATTENTION RESTORATION IN THE PUBLIC. . .

of the soundscape and other phenomena in old residential areas
greatly reduce the attraction of the visual landscape and sound-
scape for the residents, resulting in a limited effect of relieving
mental pressure and restoring attention. In addition, compared
with the public space along the street, the visual landscape
and soundscape of the central square in residential areas play
a more positive role in attention restoration. This is because
the greening rate is higher and the traffic noise is lower in the
central square, enhancing the local attachment and identity of
residents.37

This study found a relationship regarding attention restora-
tion between the evaluation of visual landscape and that of
soundscape perception in old residential areas, and the results
showed that greenery satisfaction, environmental cleanliness,
architectural aesthetics, and sky visibility evaluation were sig-
nificantly positively correlated with the attention restoration
level of these areas. This conclusion is consistent with the
research on urban public space.38 Although there are differ-
ences in the quality of the landscape environment and the de-
gree of space maintenance between old residential areas and
that of parks and urban squares, pleasant green landscapes and
clean and tidy activity spaces always play an important role
in the process of residents’ restorative experience. The sound-
scape perception evaluation is positively correlated with the
attention restoration level, and pleasantness is of great impor-
tance because a pleasant acoustic environment is thought of
as charming, which is a quality that is more likely to stimu-
late people’s indirect attention and reduce stress.6 By compar-
ing the effect of each factor, it was found that greenery sat-
isfaction had the greatest impact on attention restoration, fol-
lowed by soundscape factors, while the impacts of environ-
mental cleanliness, architectural aesthetics, and sky visibility
were relatively small.

Applying a structural equation model to analyze the rela-
tionship between visual landscape and soundscape factors and
the attention restoration level of old residential areas, it was
found in this study that visual landscape factors and sound-
scape evaluation factors, especially the improvement of green-
ery satisfaction, which has a more significant restoration po-
tential, exert a direct impact on the attention restoration level,
which is in line with the study of Huang et al.39 A higher
plant richness and diversity in residential areas can create a
comfortable visual environment and improve aesthetic quality,
thus achieving higher attention restoration potential. More-
over, the model results found that the improvement of archi-
tectural aesthetics is also conducive to the quick restoration
of consumed attention, which indicates that improving the ar-
chitectural quality of old residential areas or strengthening the
characteristics of its surrounding natural landscape can create
a more charming visual landscape, thus restoring attention and
reducing mental fatigue.27

Spatial factors such as environmental cleanliness, sky vis-
ibility and spatial openness have no significant impact on at-
tention restoration. This may be because although a clean
space environment can generate positive emotions, it fails to
effectively alleviate mental fatigue and does not promote the
restoration of attentional competence.14 Although the spatial
openness in urban parks is an effective restorative landscape
resource, it is difficult for such public space to provide people
with a sense of “being away” in spirit due to the dense build-
ings and the lack of greening maintenance and management
in old residential areas, resulting in no significant relationship
between the openness of public space in residential areas and

the attention restoration level.10

4.2. Landscape Optimization Of Old
Residential Areas Based On
Restoration Improvement

To improve the environmental quality of the public space in
old residential areas, importance needs to be ascribed to the
differences in the visual landscape and soundscape among dif-
ferent types of space, especially the public space along the
street. First, we can improve the visual environment quality
by increasing the interactivity of green space, coordinating the
style and color of buildings along the street, and cleaning up
the environment. Second, in old residential areas, noise bar-
riers or multilevel green plants can be set up in public spaces
along streets, which can effectively absorb noise, but also at-
tract birds, increase natural sound, and reduce the impact of
traffic noise on activities of residents.40

For landscape design aimed at improving the attention
restoration level of old residential areas, designing landscape
spaces with charming factors is recommended for relieving the
monotony of daily life or addressing the tension of study and
work in a restorative way. Due to the problems with crowded
buildings, poor landscape quality and low space utilization in
old residential areas, it may be difficult to add activity facil-
ities, but the following measures can be taken: reasonably
planting arbors, shrubs and grass to enrich the landscape level,
planting specific flora that attract birds and incorporating other
natural elements, and optimizing the details and continuity of
building facades to enhance the restorative potential of the en-
vironment and improve residents’ life satisfaction and psycho-
logical happiness. At the same time, formulating the manage-
ment system of old residential areas with the goal of alleviating
mental fatigue and encouraging people to engage with the nat-
ural environment and conduct social exchanges, thus enhanc-
ing their inner pleasantness, identity and sense of belonging, is
encouraging. It is important to consider the overall optimiza-
tion and improvement of natural landscapes and artificial envi-
ronments during the renovation of old residential areas to actu-
ate the more significant restorative potential of public spaces.

4.3. Limitations And Future Research
This study conducted an investigation within high-density

old residential areas in Tianjin that mainly focused on the rela-
tionship between the visual landscape and soundscape percep-
tion evaluation in the public spaces of old residential areas and
attention restoration, but determining whether the conclusion
is applicable to low-density residential areas requires further
study. In addition, this study was conducted in autumn and
winter, and the subjects were all school students. Considering
the seasonal characteristics as well as the psychological char-
acteristics of the population, the subjects’ visual landscape and
soundscape perception and restorative experience may differ
from those of the residents of old residential areas.

Therefore, future research should further explore the
restoration benefit principles of the landscape environment
of residential areas that are affected by seasonal changes for
the purpose of establishing a more complete structural equa-
tion model of the relationship between the visual landscape
and soundscape perception of resident and their psychologi-
cal restoration. This can improve the restorative potential of
the landscape environment of old residential areas and provide

International Journal of Acoustics and Vibration, Vol. 28, No. 3, 2023 307



Z. Zhou, et al.: EFFECT OF THE VISUAL LANDSCAPE AND SOUNDSCAPE FACTORS ON ATTENTION RESTORATION IN THE PUBLIC. . .

innovative ideas for the healthy transformation of residential
areas.

5. CONCLUSIONS

With the continuous development of urbanization, a large
number of old residential areas in the city need to be renewed.
As the main space for residents’ activities, public space is the
key area needing renovation. In the context of the increasing
mental pressure on urban residents, it is extremely important
to improve the restoration benefits of the visual landscape and
soundscape in the public space of residential areas.

This study first evaluated the restoration benefits of the vi-
sual landscape and soundscape in the public spaces of old res-
idential areas of Tianjin. There is a significant difference in
the visual landscape and soundscape restoration benefits be-
tween the central square of old residential areas and the pub-
lic space along the street. The average test time of the cen-
tral square group was shortened by 2.0 s, which indicates the
positive recovery benefit of the landscape environment in the
central square of the old residential area. However, the aver-
age test time of the street space group was extended by 0.8 s,
indicating that its restorative benefit was negative.

Second, the relationship between the visual landscape and
soundscape perception evaluation in old residential areas and
the attention restoration level was determined. The visual land-
scape factors of greenery satisfaction, environmental cleanli-
ness, architectural aesthetics and sky visibility, as well as the
soundscape factors of quietness, pleasantness and comfort, are
significantly positively correlated with the attention restoration
level, among which greenery satisfaction has the highest cor-
relation coefficient with the attention restoration level at 0.358,
followed by the soundscape factors, which are between 0.273
and 0.288, and finally those of the environmental cleanliness,
architectural aesthetics and sky visibility, which are relatively
low, falling between 0.195 and 0.251.

Finally, a structural equation model of the impact of visual
landscape and soundscape perception evaluation on the atten-
tion restoration level was constructed. According to the struc-
tural equation model, the visual landscape and soundscape fac-
tors of residential areas have a positive impact on the attention
restoration level, and the impact of visual landscape factors is
greater than that of soundscape factors. The standardized path
coefficients are 0.372 and 0.176, respectively. In addition, vi-
sual landscape factors could both directly and indirectly con-
tribute to the attention restoration level, and the indirect effect
is realized through its effect on soundscape perception evalua-
tion.

This study confirmed that the visual landscape and sound-
scape factors in old residential areas are important indicators
that affect the attention restoration level of public spaces in old
residential areas. Reasonable landscape design can alleviate
the mental fatigue of residents and promote attention restora-
tion.
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