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From emotional map to design
criteria: verification of the
correlation between community
green space form and emotional
health of high-density urban
residents

Tianyi Zhang, Xukui Wang and Junping He*

Faculty of Architecture and Urban Planning, Kunming University of Science and Technology,
Kunming, Yunnan, China

Introduction: Rising public health awareness, driven by economic growth,
underscores emotional health as a critical determinant of overall well-being.
High-density urban development in Hong Kong's Central and Western District
severely limits accessible green spaces, exacerbating urban stress. This study
investigates how tailored community green space design can mitigate this
stress and enhance mental well-being by positively influencing residents’
emotions.

Methods: Using isovist analysis and Grasshopper simulation, an emotional
map reflecting residents’ sentiments across the district was generated. User
preferences for green space characteristics (richness, flower-to-grass ratio,
connectivity, and shape) and their emotional impacts were quantitatively
analyzed using 455 validated questionnaires.

Results: Key findings include: (1) Landscape Preference: The public favors
medium-density landscapes and regularly shaped green spaces. (2) Emotion
Regulation: Higher flower proportions enhance exhilaration, while greater
green coverage promotes relaxation. Curved layouts stimulate exhilaration,
whereas rectangular shapes and moderate connectivity facilitate relaxation. (3)
Demographic Variations: Young people prefer highly connected “exploration
spaces,” while the older adults favor tranquil spaces with higher flower-to-grass
ratios and low density. Women express more positive emotions in green spaces,
while men typically exhibit neutral responses.

Discussion: The study demonstrates that strategically designed green spaces—
considering density, floral elements, geometry, and connectivity—can effectively
regulate emotions and alleviate urban stress. Age- and gender-specific
preferences highlight the need for inclusive design approaches. These findings
provide actionable insights for therapeutic landscape interventions, promoting
community well-being and informing sustainable urban development in high-
density contexts.

KEYWORDS

community-healing landscape, emotional health, green landscape design, population
preference, uplifted emotions, relaxed emotions
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1 Introduction

Under the backdrop of rapid economic development, public
health demands are increasingly shifting toward physical and mental
well-being. Residents’ health has become a core issue of concern
across various fields in China. Notably, emotional health serves as an
important predictor of overall well-being. Clinical studies have
demonstrated that emotions can influence the human body through
intermediate mechanisms such as neurohumoural regulation, the
endocrine system, and the immune system, and long-term negative
emotions may lead to pathological changes in tissues and organs (1).
In contrast, individuals with stable emotions tend to exhibit higher
levels of mental health, stronger self-control abilities, and a greater
sense of well-being (2). From the perspective of the 2030 Agenda for
Sustainable Development, fostering harmony between individuals and
their environment is essential for achieving sustainable urban
development (3). Consequently, the concept of healthy and sustainable
cities has emerged, with the aim of reintegrating nature into urban
environments to enhance both physical and mental health.

In recent decades, scientific research has focused on elucidating
the underlying mechanisms through which the natural environment
positively influences mental health. Studies indicate that people
show a stronger preference for vegetated environments than for
urban spaces without vegetation (4). Ulrich (5) proposed that
natural environments can effectively enhance positive emotions,
reduce negative emotions, and alleviate mental stress by stimulating
parasympathetic nervous system activity (5). Furthermore, plant-
rich natural environments not only inspire positive emotions and
relieve stress but also facilitate the restoration of cognitive and
behavioral capabilities (6). Research has also demonstrated that
landscape elements can significantly improve the emotional well-
being and cognitive function of sick children while reducing
non-symptom-related indicators and promoting relaxation (7).
Likewise, landscape elements have been shown to significantly
enhance the mental health of college students (8). Additionally, the
rehabilitation effects of green spaces vary significantly depending
on their landscape features. For example, factors such as the type,
richness, quantity, and spatial layout of green spaces in parks are
closely associated with rehabilitation outcomes (9).

As a critical component of the built environment, urban green
spaces (UGSs) have been shown to decrease the morbidity and
mortality rates of cardiovascular and respiratory diseases (10) and
reduce socioeconomic health inequalities (11). Studies have shown
that the shape of community green spaces can reduce
noncommunicable diseases in people (12) and that design elements
such as natural shapes have a direct effect on people’s physical and
mental health (13). A study of health data from residents surveyed in
New Zealand revealed that, compared with those in areas with low
proportions of green space, residents in areas with high proportions
of green space generally had fewer mental health problems and a lower
risk of cardiovascular diseases. Alcock I et al. (14) studied survey data
from British households and reported that the mental health of
families who moved from areas with low proportions of green spaces
in cities to areas with high proportions of green spaces generally
improved. By observing the emotional healing effect on subjects after
watching horror movies, Van den Berg et al. (15) reported that UGS
can improve people’s moods. Triguero M et al. (16) conducted
interviews with residents in Catalonia, Spain, and on the basis of
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sample cross-sectional data, they concluded that UGSs positively
affect the mental health of residents under different urbanization,
economic status and gender conditions. M. Gola et al. found during
the COVID-19 pandemic that brief exposures to nature, particularly
during periods of high stress such as a pandemic, can positively
influence the well-being and mental health of individuals, especially
healthcare staff (17).

In terms of research methods, existing studies predominantly
utilize photo-based assessment approaches. Specifically, respondents
are asked to evaluate the aesthetic value or assign preference scores to
photos featuring different landscape elements. These landscape
elements are subsequently objectively quantified and subjected to
correlation analysis, thereby systematically revealing the underlying
relationships between landscape elements and landscape preferences
(18). Among the various combinations of landscape elements, people’s
landscape preferences play a crucial role in guiding landscape design
(19). Moreover, landscape preferences not only reveal users’ aesthetic
tendencies but also highlight the positive impact of landscapes on
human attention recovery (20, 21).

Previous studies have focused predominantly on investigating the
relationships between UGSs and human physical and mental health
(22) or have been restricted to examining the impact of park green
spaces on emotions and the influence of community green space ratios
on residents emotions (23). Nevertheless, research regarding
individuals’ preferences for different types of community green spaces
and the effects of combinations of green spaces on emotions remains
relatively limited. In light of this, the present study places people at the
core, thoroughly accounting for variations in individual landscape
preferences, with the aim of exploring how to customize the design of
community green spaces based on residents’ needs. This approach
seeks to effectively mitigate urban living pressures and promote
mental well-being.

Based on the visual field analysis method, this study elucidates the
spatial distribution patterns of urban residents’ emotions in selected
areas of Hong Kong’s Central and Western Districts and pinpoints
low-emotion zones. Subsequently, through a questionnaire survey
conducted within these zones, the study systematically investigates the
influence of urban community green spaces across four dimensions:
green spaces richness, the flower-to-grass ratio, connectivity, and
shape. Additionally, it examines residents’ preferences for various
green space combinations. The study employed SPSS software to
conduct quantitative analyses of the correlations among various
factors, with an emphasis on elucidating the underlying mechanisms
through which different types and proportions of green spaces impact
the two core emotions of exhilaration and relaxation. This research not
only aims to clarify the positive regulatory role of green space design
on individual emotions at the micro level but also aims to provide a
scientific foundation for constructing livable urban environments and
enhancing residents’ quality of life and well-being at the macro level.

Furthermore, this research focuses on the coordinated
development between population growth and living environments.
By optimizing the design of community green spaces, therapeutic
green landscapes tailored for residents across different age groups
and social backgrounds can be developed. This approach not only
facilitates the promotion of population health and improvement of
the urban microclimate but also offers robust scientific support for
achieving sustainable urban development and enhancing public
well-being.
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2 Materials and methods

2.1 Residents’ emotion map based on
isovist

The Central and Western District, as a high-end residential
area on Hong Kong Island, despite its advantageous natural
environment and well-established community facilities, still
encounters a range of challenges. Characterized by a dense
concentration of high-rise buildings, the district exhibits
high building density and extremely low urban green coverage.
Given that urban residents’ emotions are significantly influenced
by the built environment and green space resources, this study
addresses these issues by constructing a 3D model of the
Mid-Levels area in Hong Kong using OpenStreetMap data.
Building outlines, road networks, and terrain elevations were
extracted to develop an urban model. In Grasshopper, the
Ladybug plugin was utilized to distribute points evenly along
roads for generating isovists, extracting parameters such as
visible area, line-of-sight obstruction rate, and line-of-sight
depth. Subsequently, clustering analysis was performed to
delineate areas with high and low emotion values. Statistical

10.3389/fpubh.2025.1617294

analysis relied on a classic Multiple Linear Regression (MLR)
model (Equation 1) (24):

Emotionj =aVan +oaVan +...+aVan +y+¢&

1

Here, Emotion; represents the average emotion value of all
participants at aggregation point j. The model incorporates # visual
exposure indicators as predictor variables. a;...o, denote the coefficient
estimates of the indicators Vo, through Var, at aggregation point j. y is
the model intercept, and ¢ is the residual term. This formula was
parameterized and integrated into Rhino for computational analysis,
ultimately yielding the spatial distribution of emotions across the study
area (Figure 1). The redder the color, the higher the emotional value, and
the bluer the color, the lower the emotional value.

2.2 Online questionnaire design and
procedure

In the emotional distribution map, low-emotion-value areas
correspond to sections characterized by larger building exposure,

Overall regional overview:

The green area is relatively
small and the building density
is relatively high. e

Overall overview of the green
space:

It is mainly composed of green
plants, with few flowers. The
shape is relatively regular and
the connectivity is strong.

FIGURE 1

Overview of the research area. (A) Selection of research area locations; (B) Overview of green spaces.
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Summary and Measures

FIGURE 2
Research framework diagram.

higher line-of-sight obstruction rates, and lower levels of greenery
distribution. To further investigate the preferences of residents in
these low-emotion-value areas regarding community green spaces and
their psychological responses, this study employed a questionnaire-
based analysis (N =455) (Figure 2). The questionnaire de-sign
encompassed three key dimensions: demographic variable collection
(age, gender, education level, frequency of green space use), landscape
element preference evaluation (richness, plant combination,
connectivity, spatial form), and emotion valence assessment. During
the emotion testing phase, base maps of community green spaces were
initially sourced from websites and subsequently edited using
Photoshop software (Adobe 2018 version) to modify or add specific
landscape elements. On the basis of this process, a total of 20
representative images were systematically selected and categorized
into four groups, each comprising five images. Specifically, the first
three groups corresponded to the following dimensions: green space
richness, the flower-to-grass ratio, and connectivity, with the main
element proportions set at 0, 25, 50, 75, and 100%. The fourth group
focused on green space shape, featuring five representative forms:
green spaces with height variations, curved green spaces, circular
green spaces, rectangular green spaces, and zigzag-shaped green
spaces. These images were employed for participants’ emotion and
preference evaluations (Figures 3-6). The spaces presented in this
study are based on real green spaces in Hong Kong and informed by
on-site investigations. While the images have been stylized to isolate
variables, key background elements have been retained to reflect Hong
Kong’s urban structure and ensure correspondence with actual urban
spaces. This method effectively balances internal validity (through
variable control) with external validity (by reflecting local conditions).

(1) Preference test: All the images were divided into four groups,
with each group containing five images. In the preference test,
participants were required to select the image that evoked the
strongest positive psychological response through intragroup
comparisons. The test instructions were as follows: “Please
carefully examine the scenes depicted in the images below and
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choose the one that feels most comfortable to you based on
your personal preference” Through this process, a single
representative image was ultimately identified from each group
the the
group’s preference.

to serve as research outcome reflecting

(2) Emotion test: Before the experiment, the participants needed
to read and sign the informed consent form and personal
information sheet. To ensure the scientific and accurate results
of the test, this study provided a glossary containing definitions
of key terms (exhilaration and relaxation) to minimize
potential biases that may arise from differences in the
understanding of these terms. During the experiment, the
participants viewed five groups of pictures in sequence and
considered their feelings when they were in the corresponding
environment. They independently rated the degree of
exhilaration and relaxation that each picture evoked on a
10-point scale (0-2 = dislike, 4-6 = neutral, 6-8 = slightly like,
8-10 = like). Each picture was presented to the subjects one by
one in single-image display mode (each picture is displayed for
at least 5s) to maintain their concentration and ensure the
consistency of the rating process. Additionally, participants
were allowed to return and modify the ratings of the previous
picture at any time to further enhance the accuracy and
reliability of the assessment results (Figure 2).

The online questionnaire was hosted on the Questionnaire Star
platform' and was conducted between March 19, 2024, and November
19, 2024. The participants provided anonymous written consent, and
a reward was offered for participation. The data were anonymized, and
the authors did not have access to identifiable information about
individual participants during or after data collection. Efforts were
made to ensure the diversity and authenticity of the responses, with

1 https://www.wjx.cn
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Emotion Map

FIGURE 3

presentation of emotion map.

The process of generating emotional maps. (A) The generation processes of regional emotional maps; (B) Emotion map site selection area; (C) The

participants recruited via email, websites, social media, and online
discussion forums. A total of 480 responses were received, of which
455 were considered valid, with an effective response rate of 94.79%.

2.3 Online questionnaire data analysis

This study utilized IBM SPSS Statistics 26.0 for Windows for data
analysis. Based on immersive scene experiences, preference selection
analysis was conducted on four dimensions of community green space
forms (green space richness, flower and grass combination ratio, green
space connectivity and shape), and by setting different element
proportions ranging from 0 to 100%, the specific impacts of various
green space features on exhilarating and relaxing moods were evaluated.

Data analysis methods include one-way analysis of variance
(ANOVA), which is used to explore the influence of each dimension
variable on emotions and to visualize the results to intuitively display the
significant differences in means. Categorical variables are presented as
frequencies and percentages. To further explore the relationships
between personal preferences for community green space design
combinations and demographic characteristics, three variables, namely,
age, gender, and frequency of green space use, were selected to analyze

Frontiers in Public Health

their correlations with individual green space elements. The significance
level for statistical analysis was set at p < 0.05 to determine whether there
were statistically significant associations between different variables.

3 Results

3.1 Demographic characteristics of the
sample

The demographic characteristics of the sample population
exhibited a typical distribution pattern of urban residents (N = 455):
the age range spanned from 18 to 65 years, with the core age group of
26 to 50 years constituting the majority at 62.4%. The educational level
was predominantly a bachelor’s degree or above (57.8%), with junior
high school education or below (33.6%), thereby ensuring sample
heterogeneity. The gender ratio was relatively balanced (55.2% male
and 44.8% female). The participants demonstrated a high-frequency
usage pattern for green spaces, visiting, on average, 2 to 3 times per
week. In terms of spatial utilization, there was a distinct clustering
feature, which was primarily concentrated in squares (29.7%) and the
remaining areas (24.3%) (Table 1).
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Realistic images of different green space
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the picture is broad
grass.

0%

1 odey,
zadej,
¢ adey,
4 odey,
¢ adey,
9 odey,
L odey,
g adey,
syueld uaaisg jo spury [y sse1n) [

A. 0%

25%: there are two
kinds of green plants:
tapel and tape2,
both of which
account for 25% of
the picture.

1 odey,
0000
¢ adej,
4 adey,
gadep,
9 odey,
L adep
g adep,

25%
5 § §F 7§ F § F
(XX 50%: there are four
000 kinds of green plants:
000 tapel, tape2, tape3 and
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® and quantity account
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00000 tapel, tape2, tape3,
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00000 kinds of green plants:
00000 tapel, tape2, tape3,
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00 © tape7 and tape8. The
() species and quantity
account for 100% of
MR the picture.
E. 100% P 100%
FIGURE 4

Green space richness at varying levels of vegetation density. (A) 0% green space richness, (B) 25% green space richness, (C) 75% green space richness;
(D) 100% green space richness. (E) The types of elements included account for 100% of all element types present in the image.

ratio, and green space connectivity, people’s preferences exhibit

3.2 Preferences of the surveyed population consistent patterns: images with a 50% ratio are most favored, whereas
those with a 0% ratio are least favored.

The preference ratio chart of the crowd (Figure 7) indicates that, Specifically, with respect to green space richness, images with
in terms of green space richness, the flower-to-grass combination  a 50% ratio received the highest preference, accounting for 30.5%
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Realistic images of different flower
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100%

FIGURE 5

Proportions of flowers and plants in green spaces. (A) 0% ratio of flowers to grass, (B) 25% ratio of flowers to grass, (C) 75% ratio of flowers to grass;
(D) 100% ratio of flowers to grass, (E) The elements included are all flowers, with no green plants.

of all selections, followed by those with a 75% ratio accounting for
25.7%. The images with a 0% ratio had a selection rate of only 7%,
which is 23.5 percentage points lower than that of the most popular
50% images. In terms of the flower-to-grass combination ratio,
images with a 50% ratio were most preferred, comprising 28.4% of
all choices, which is 18.4 percentage points higher than the least
popular 0% images. In terms of green space connectivity, images

Frontiers in Public Health

07

with a 50% ratio ranked first, with a selection rate of 29.5%,
whereas those with a 0% ratio had a selection rate of only 9%,
which is 20.5 percentage points lower than the highest value.
Concerning green space shape preference, rectangular green
spaces were the most favored form, accounting for 31% of all
choices, followed by arc-shaped green spaces (23.3%), whereas
broken-line shaped green spaces were the least favored, with a
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connectivity levels of green spaces

Realistic images of different

Element extraction diagram

A. Realistic picture of 0% green
space connectivity

B. Realistic picture of 25% green
space connectivity

C. Realistic picture of 50% green
space connectivity

D. Realistic picture of 75% green
space connectivity

E. Realistic picture of 100% green
space connectivity

A. Element extraction diagram (0%)

B. Element extraction diagram (25%)

C. Element extraction diagram (50%)

D. Element extraction diagram (75%)

E. Element extraction diagram (100%)

os IR | 2o | so%

Ratio

75% 100%

B Green space Path

FIGURE 6

Green connectivity with different connectivity ratios. (A) 0% green connectivity, (B) 25% green connectivity, (C) green connectivity; (D) 100% green
connectivity, (E) The paths in the green space are fully interconnected, with a connectivity rate of 100%.

selection rate of 10.3%. These findings suggest that regular
geometric shapes align more closely with the aesthetic preferences
of the general public.

3.3 Emotional responses

3.3.1 Comparative analysis of the average
exhilaration scores

There are significant variations in how different landscape elements
influence improving people’s moods (Figure 8). (1) In terms of green
space richness, 25% of the green space richness score was the highest
(7.37 points), which was approximately 28% higher than the lowest value
in the The specific
25% > 50% > 0% > 100% > 75%, indicating that a moderate green space
density (25%) is most conducive to improving mood, whereas excessively

same dimension. score order was

high green space density (75 and 100%) may have negative effects. (2) In
terms of the proportion of flower and grass combinations, the 50% ratio
received the highest score (7.52 points), not only performing the best in
this dimension but also achieving the highest score among all tested
variables. The specific score order was 50% > 100% > 75% > 25% > 0%,
indicating that a moderate combination of flower and grass plants (50%)
was the most effective, whereas a complete lack of flowers (0%) was the
least effective. (3) In terms of green space connectivity, a 0% green space
connectivity score received the highest score (7.24 points), which was
approximately 22.7% higher than the lowest score in the same
dimension. The specific score order was 0% > 25% = 75% > 50% > 100%,
indicating that low green space connectivity (0%) is more conducive to
increasing the sense of pleasure, whereas high green space connectivity
(100%) has a relatively weaker effect. (4) In terms of the shape of green
spaces, arc-shaped spaces have the highest pleasure score (7.31 points),
which is approximately 21.8% higher than the lowest value. The specific
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score order is as follows: curved green spaces > zigzag-shaped green
spaces > green spaces with height differences > circular green spaces >
rectangular green spaces. These results indicate that curved green spaces
are more conducive to improving mood, whereas the effect of regular
rectangular green spaces is relatively limited.

3.3.2 Comparative analysis of the average
relaxation scores

Research on the impact of green spaces on people’s relaxation levels
(Figure 9) reveals the following: (1) In terms of green space richness, a
richness level of 50% achieved the highest relaxation score (7.43 points),
which was approximately 23.2% higher than the lowest value in the same
dimension and represented the highest score among all tested variables.
The specific ranking of scores was 50% > 100% > 25% > 75% > 0%. The
environment with 0% green space richness had the poorest effect,
indicating that a moderate level of green space richness (50%) was most
conducive to relaxation. (2) Regarding the proportion of flowers and
plants, the combination with 0% flowers achieved the highest relaxation
score (7.07 points), which was approximately 19.6% higher than the
lowest The ranking of the
0% > 75% = 100% > 50% > 25%, suggesting that an environment with
no flowers (0%) is most conducive to relaxation, whereas a combination

score. speciﬁc scores  was

of 25% flowers is less effective. (3) Concerning green space connectivity,
a connectivity level of 25% achieved the highest relaxation score (7.07
points), which was approximately 14.6% higher than the lowest value.
The specific score ranking was 25% >75% > 100% > 0% > 50%,
indicating that moderate green space connectivity (25%) is most
conducive to relaxation, whereas 50% connectivity is the least ideal.

In terms of green space shape, rectangular green spaces achieved
the highest relaxation score (7.28 points), which was approximately
14.8% higher than the lowest value. The specific score ranking was
rectangular green spaces > zigzag-shaped green spaces > circular
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TABLE 1 Demographic profile of the participants.

Educational background

Middle school 5.5%
High school 25.1%
College degree 11.6%
Bachelor’s degree 51.6%
Master’s degree 6.2%
Green space usage time
Early morning 25.7%
Early morning 16.4%
Afternoon 12.9%
Evening 23.3%
Late at night 21.7%
Green space usage frequency
None 2.2%
1~ 2 times 37.6%
3 ~ 4 times 42.2%
The proportion of 5 4+ times 18%
various population
groups —
18— 7%
18 ~ 25 11.9%
26 ~ 30 24.4%
31 ~40 6.2%
41 ~ 50 35.4%
51 ~ 60 12.3%
60+ 2.9%
Gender
Male 55.2%
Female 44.8%

Types of activities on green spaces

Square 29.7%
Tussock 14.7%
Walkway 20.4%
Rest area 24.3%
Children’s entertainment area 10.8%

green spaces > green spaces with height differences > curved green
spaces. Notably, these results contrast with the impact of the green
space shape on the exhilaration, where curved green spaces performed
the worst in terms of relaxation but the best in the exhilaration.

3.4 Influence of age on emotional
responses

The analysis results revealed the general characteristics of the
overall population but did not highlight the differences among
different age groups. To further investigate the impact of age on
landscape preferences, a grouped statistical analysis was performed on
the emotional scores of the four

respondents  across
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dimensions—green space richness, the flower-to-grass ratio, green
space connectivity, and green space shape (Figure 10). The findings
indicated that age differences had a significant influence on
individuals’ emotional responses to landscape elements, with each age
group displaying distinct scoring patterns in these dimensions.

3.4.1 Effects of different ages on exhilaration
In the analysis of mood-enhancing scores, the following
characteristics were observed across different age groups (Figure 10):

(1) Green space richness: All age groups rated 25% green space
richness as the highest score. Notably, the 51-60 age group
assigned the lowest score (5.36 points) to 100% green space
richness, whereas the other groups rated 75% green space richness
as the lowest. This suggests that an overly dense green environment
may significantly reduce the mood-enhancing effects for middle-
aged and older adult individuals aged 51-60 years.

(2) Proportion of flowers and plants: All age groups agreed that a
50% combination of flowers and plants was most effective in
improving mood. The absence of flowers (0% combination)
received the lowest score across all groups, with the over 60
group scoring it at only 4.62 points. These findings indicate that
a lack of flowers has a substantial negative effect on the
emotional well-being of older adults.

(3) Green space connectivity: Except for teenagers under 18 years
of age, all the other groups rated 0% green space connectivity
as the highest score. In contrast, the teenage group rated 50%
green space connectivity as the highest (7.25 points), suggesting
that a community design promoting exploration and cross-
road connectivity can effectively enhance teenagers’ moods.
Additionally, all groups rated 100% green space connectivity as
the lowest score, indicating that excessive connectivity may not
be conducive to mood enhancement.

(4) Shape of green spaces: All age groups rated curved green spaces
as the most favorable, indicating that curved shapes are most
effective in enhancing emotional arousal. Among them, the
over 60 group gave rectangular green spaces a notably low
score of 4.62, below the median, reflecting a clear preference
against overly regular geometric shapes. This result implies that
these shapes may hinder the improvement of positive emotions
among older adults.

3.4.2 Effects of different ages on relaxation
In the analysis of relaxation scores, the following differences
among age groups were observed (Figure 10):

(1) Green space richness: Young people aged 18-25 years gave the
highest score (7.17) to 100% green space richness, indicating
that a dense green environment enhances relaxation for this
group. The other age groups preferred 50% green space
richness, suggesting that moderate green density better
supports relaxation for most individuals. The young age group
had the lowest rating of 75% green space richness, whereas the
other groups, particularly those over 60, had the lowest score
(4.85) to 0% green space richness. These findings suggest that
the absence of green space may significantly increase stress
levels among older adults.

—~
N
~

Flower and grass proportion: Individuals aged 41-50 gave
the highest score to a 75% flower and grass proportion,
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Realistic images of different green space

shapes

A. Realistic picture of height-difference
green space

C. Realistic picture of rectangular green
space

D. Realistic picture of circular green
space

E. Realistic picture of zigzag-shaped
green space

A. Element extraction diagram of
height-difference green space

Element extraction diagram

B. Curved green space element
extraction diagram

C. Extraction diagram of rectangular
green space elements

D. Circular Green Space Element
Extraction Diagram

E. Zigzag-shaped green space element
extraction diagram

FIGURE 7

(E) Zigzag-shaped green space.

Different shapes of green spaces. (A) Height-difference green space, (B) curved green space, (C) rectangular green space; (D) Circular green space;

Percentage of crowd preference

% 10.8%
18.2% 30.5% 28.4%
18.5%

18.5%

Green space richness 0% 20.9% 24.2% The flower and grass combination ratio 0%
25.7% Green space richness 25% ) The flower and grass combination ratio 25%
Green space richness 50% The flower and grass combination ratio 50%
Green space richness 75% The flower and grass combination ratio 75%
Green space richness 100% The flower and grass combination ratio 100%
Green space richness () The flower and grass combination ratio (B)
G 103%
13.6% 29.5%
31%
16.9%

23.3% .

Green space connectivity 0% 18.5% Rectangle
24.6% Green space oonnecifv?ly 25% 23.3% Curved )
Green space connectivity 50% Height difference
Green space connectivity 75% Circle
Green space connectivity 100% Zigzag-shaped
Green space connectivity © Green space shape (D)

FIGURE 8

Population preference ratio chart. (A) The proportion of people’s preferences for different levels of green space diversity; (B) The proportion of people’s
preferences for different combinations of flowers and plants; (C) The proportion of different population preferences for green space connectivity;
(D) The proportion of people’s preferences for different shapes of green spaces.
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FIGURE 9

Average exhilaration score for each variable in the four dimensions of green space richness, flower and plant proportion, connectivity, and green space

shape.
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FIGURE 10

Average relaxation scores for each variable across the four dimensions: green space richness, flower and plant proportion, connectivity, and green

space shape.
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reflecting a preference for environments with higher floral
content. In contrast, the other groups favored a 0% flower
and grass proportion (pure grassland), indicating that
expansive green landscapes better meet public relaxation
needs. With respect to negative emotions, the older group
over 60 had the lowest score for the 75% flower and grass
proportion, whereas the other groups rated 25% as the least
favorable. This implies that flower and grass proportions
exceeding 25% may induce stress responses in certain
groups, particularly among older adults, who are more
sensitive to high floral proportions.

(3) Green space connectivity: Most groups preferred 25% green
space connectivity, whereas adolescents gave the highest score
(7.12) to 75% connectivity. This difference indicates that
adolescents favor path designs with greater exploration
opportunities during relaxation, whereas adults prefer
moderately separated spatial layouts.

(4) Green space shape: Except for adolescents, all groups favored
rectangular green spaces, highlighting the general applicability
of regular shapes for relaxation. Adolescents, however, gave the
highest score (6.98) to zigzag-shaped green spaces, which is
consistent with their preference for exhilaration, suggesting a
greater acceptance of nontraditional geometric shapes in this

age group.

3.5 Factors affecting green space
connectivity

The results of the variance analysis of the questionnaire data indicate
that age, frequency of green space use, and gender significantly influence
the invigoration emotion scores associated with green space connectivity
(Table 2). Specifically, the invigoration emotion score for 0% green space
connectivity was significantly negatively correlated with age (p < 0.05).
As illustrated in Figure 7, the emotion score for this dimension decreases
with increasing age (p = 0.039), suggesting that younger individuals
prefer exploratory spaces with moderate path intersections (50%
connectivity), whereas older adults perceive weaker emotional
enhancement effects from moderately connected green spaces (50%).

Moreover, the invigoration emotion scores for 0, 50, and 100%
green space connectivity are positively correlated with the frequency
of green space use (p < 0.05) (Table 3). This finding underscores the
individual differences in emotional regulation provided by green
environments. With respect to gender differences, under the condition

10.3389/fpubh.2025.1617294

of 100% green space connectivity, there was a significant difference in
invigoration emotion scores between genders (p < 0.05) (Table 4).
Females scored significantly higher than males did (females:
6.13 + 2.243; males: 5.72 + 2.219), indicating that women are more
likely to express positive emotions in highly connected green spaces,
whereas men tend to men tend to show neither strongly positive nor
strongly negative emotional responses (25) (as indicated by scores
clustering around the midpoint of 5 on a 10-point scale). Further
analysis of open-ended feedback indicates that urban green space
activities hold greater importance for women compared to men (26).
Male participants frequently associate highly connected green spaces
with functional utility, such as efficient commuting routes (27), and
show a preference for undeveloped green areas, like forests or regions
located further from the city center (28). In contrast, women place
greater emphasis on aesthetic and social dimensions, such as beautiful
scenery and opportunities for social interaction, and demonstrate a
stronger inclination toward well-maintained urban green spaces and
recreational facilities (28).

4 Discussion

This study investigates the influence of community green space
landscapes on residents’ emotional health in the low-emotional-value
urban areas of Hong Kong’s Central and Western District. Four key
aspects—green space richness, the ratio of flower and grass
combinations, connectivity, and shape—are analyzed to determine
residents’ preferences for community green space landscapes and their
associated emotional response mechanisms. These findings provide a
scientific foundation for enhancing the quality of living environments.

4.1 Preferences and emotional responses

This study revealed that respondents’ preferences for green space
richness, the proportion of flower and grass combinations, and
connectivity presented significant commonalities: the pictures with a
50% element proportion were the most preferred, whereas those with
a 0% element proportion were the least preferred (Figure 6). This
finding aligns with Kaplan’s (29) attention restoration theory (ART),
which posits that moderately complex visual patterns can elicit
positive emotions, whereas minimalist or overly chaotic environments
may weaken restorative effects. It is evident that people prefer
community green spaces with evenly distributed landscape elements

TABLE 2 Analysis of variance (ANOVA) of the emotional impact of population age on green space connectivity (p < 0.05).

Green space Age
comnectvity  nder18 18~25 26~30 31~40 41~50 51~60 60+ (N =13)
(N=32) (N=54) (N=111) (N=161) (N=56) (N=28)
(0%) 6.75+2.83 7.44+2.13 7.5 +2.106 7.33 243 7.07 +2.17 6.61 +2.69 6.46 + 2.88 1.20 0.306
(25%) 6.56 % 2.55 6.91+2.48 7.14 + 245 6.89 +2.61 6.95 +2.55 6.29+2.62 6.23+2.95 0.67 0.677
(50%) 7.25+2.34 7.06 + 2.48 6.41+223 6.08 % 2.49 6.27 +2.48 6.00+2.75 5.46 + 2.40 223 | 0.039%*
(75%) 6.13+2.92 7.17 £ 2.30 7.16 +2.49 6.93+2.51 6.75+2.57 6.39+28 6.23 +2.86 115 0.331
(100%) 6.03 +2.02 593+ 1.95 6.28 +2.26 5.74+2.34 57+2231 589+ 1.83 523+2.92 0.96 0.451
**p <0.05.
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TABLE 3 Analysis of variance (ANOVA) of the impact of the frequency of green space usage on the exhilaration score of green space connectivity

(p < 0.05).

Green space
connectivity

Frequency of green space usage

Almost not 1~2(N=171) 3~4(N=192) 5+ (N =82)
used (N = 10)
(0%) 692644 7.36 +2.251 7.44 %2359 6.59 +2.424 2.828 0.038%+
(25%) 6.4+ 1838 6.86 +2.332 7.15+2.576 6.35+2.916 1.996 0.114
(50%) 482781 6.58 +2.339 642 + 2431 5.95 +2.601 2.639 0.049%*
(75%) 7.1%2.685 6.8 +2.477 6.95 + 2.601 6.85 = 2.606 0.134 0.94
(100%) 4.7 +2.946 5.84+2.187 6.19 +2.149 5512369 2.96 0.032#%
#%p <0,05.

TABLE 4 Analysis of variance (ANOVA) of the impact of gender on the exhilaration score of green space connectivity (p < 0.05).

Green space connectivity Gender

Male (N = 251) Female (N = 204)
(0%) 7.26 +2.378 7.23 £2.323 0.151 0.88
(25%) 7.06 + 2.497 6.65 2.6 1.717 0.087
(50%) 6.42 +2.504 6.29 +2.384 0.559 0577
(75%) 6.79 +2.532 6.99 +2.575 —0.821 0.412
(100%) 5.72 £2.219 6.13 £2.243 -1.975 0.049%*

**p <0.05.

over those dominated by a single element. In terms of emotional
enhancement, a 50% proportion of green space richness promoted
higher levels of relaxation, and a 50% proportion of flower and grass
combinations induced the highest level of emotional uplift (Figures 7,
8). Therefore, in the planning of community green spaces, it is
essential to prioritize the balance of green space richness and the
proportion of flower and grass combinations, with a 50% proportion
being optimal for meeting people’s preferences for moderately
complex visual patterns and enhancing emotional restoration effects.

This study revealed that overly dense and crowded trees may weaken
people’s sense of uplifted mood (Figure 7). Research has also shown that
the scarcity or overcrowding of green spaces can inhibit their positive
emotional impact on residents (30). Moderate floral embellishment
significantly enhances the overall exhilaration, which is consistent with
prior findings that flowers elicit strong positive emotions (31), and
grasslands with greater floral color diversity evoke stronger aesthetic
preferences (4). Furthermore, increasing grassland area enhances
relaxation, as green landscapes dominated by green plants with low floral
coverage are more conducive to quiet reflection and optimal mood
recovery (32). Simultaneously, the comfort and tranquility of green
spaces provide a stress-relieving environment for individuals (33, 34). In
environments where green space connectivity reaches 25%, people
experience stronger relaxation (Figure 8), whereas areas with higher
green space density and fewer road branches increased exhilaration
(Figures 7, 8) (4). However, in Chinese cities, most lawns remain
ornamental and rely heavily on forked roads to attract users. Future
urban greening should reduce road forks, avoid excessive fragmentation,
and enhance green space continuity, particularly in high-density urban
areas. Additionally, cultivating tread-resistant grass species improves
accessibility and utilization, enabling direct contact with nature (35-37).
Research shows that curved green spaces significantly increase emotions
in community environments, whereas rectangular green spaces promote

Frontiers in Public Health

relaxation. This finding holds practical significance for alleviating urban
stress and promoting mental health through customized green space
design. Future community green space planning could integrate the
advantages of both curved and rectangular designs to increase positive
emotions, create serene environments, and contribute to achieving the
United Nations’ Sustainable Development Goals related to good health
and well-being as well as sustainable cities and communities.

4.2 Influence of age on emotional
responses

Previous studies have demonstrated that the association between
green environments and health benefits is particularly pronounced
among specific demographic groups, such as minors and older adult
individuals (38, 39). This study reveals distinct differences in
emotional responsiveness to green space features across different
age groups:

(1) Minors: Dense green environments are more effective at
promoting relaxation among minors (Figure 9), whereas
community green spaces with increased crossroads and greater
exploratory potential increase their exhilaration. Research
indicates a positive correlation between green environments and
positive emotions in adolescents (40). These environments not
only provide attractive social spaces (41) but also fulfill minors’
needs for exploring new experiences (42). For this group,
designing curved road networks, open lawns, and interactive
landscape installations (e.g., plant mazes) can stimulate exploration
interest and foster social interaction. In terms of vegetation
configuration, a balanced multilevel structure (trees, shrubs,
flowers, and grass) should be maintained, with open grasslands

13 frontiersin.org
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retained to meet relaxation needs and visual richness enhanced

through strategic floral embellishments.
(2) Older adult: Compared with grass, environments with a slightly
greater proportion of flowers significantly improve relaxation
among older adult individuals (Figure 9). Conversely, overly dense
green spaces, flower scarcity, and overly regular rectangular layouts
notably reduce their exhilaration. This finding may stem from
changes in emotional expression intensity among older adult
individuals, who tend to amplify positive or negative emotions (43,
44). Studies have shown that the presence of flowers positively
influences emotions (31), and the interaction between flowers and
plants reduces perceived stress and enhances physical and mental
well-being in older adults (45). With the growing trend of
population aging, current community green space designs have
yet to fully adapt to the needs of an aging population (46, 47). To
address this gap, age-friendly green space design principles could
be integrated into urban renewal standards, incorporating diverse
functional areas such as children’s exploration zones and older
adult rehabilitation gardens. For older adult individuals, increasing
the proportion of flowers in green spaces (30-40%), prioritizing
natural curvilinear layouts over rigid rectangles, introducing
fragrant plants (e.g., lavender) and soft vegetation (e.g., moss), and
combining barrier-free pathways with seating arrangements to
enhance rehabilitation

multisensory experiences

are recommended.

4.3 Other influencing factors

Gender differences significantly influence emotional orientation
toward the connectivity of community green spaces (Table 4). Research
shows that women are more likely to express positive emotions in green
environments, whereas men typically exhibit a more neutral response
(Table 4) (25). Evolutionary psychology further posits that women, due
to their historical roles in gathering and nurturing infants, may exhibit
heightened sensitivity to natural elements (48), which may be attributed
to evolutionary theory suggesting that women possess a stronger ability
to perceive and remember plant complexity (49), potentially leading to
greater increase in happiness from green spaces (50). This gender disparity
not only highlights the diversity in how individuals interact with natural
environments but also offers new insights into studying emotional
responses in green space usage. These findings resonate with Sustainable
Development Goal 5 (Gender Equality), underscoring the importance of
gender-inclusive green space design that accommodates diverse
preferences. For example, integrating functional facilities, such as exercise
trails, with aesthetically enriched landscapes can reconcile gender-specific
needs and foster equitable access to mental health benefits (51).

Therefore, when planning future community green spaces, gender
differences should be carefully considered. Given women’s heightened
sensitivity to natural environments, multilevel vegetation structures
(e.g., combinations of trees, shrubs, and flowers) can be incorporated
to increase visual complexity and encourage exploration. Additionally,
spaces for social interaction (e.g., shared gardens and rest pavilions)
can be established to foster community cohesion and emotional
exchange. For men, introducing functional facilities (e.g., sports trails
and fitness equipment) can improve the practicality of green spaces,
meet their preferences for neutral environments and enhance the
overall user experience.
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4.4 Policy implications

The results of this study are highly significant for advancing the
United Nations Sustainable Development Goals (SDGs), particularly
within the context of urban planning priorities in Hong Kong. The
Hong Kong Special Administrative Region (SAR) government has
explicitly highlighted SDG 3 (Good Health and Well-being) and SDG
11 (Sustainable Cities and Communities) in its strategic plan, “Hong
Kong 2030+: Planning Vision and Strategy Beyond 2030.” This plan
aims to achieve these goals by enhancing the livability, public health,
and environmental sustainability of high-density urban areas. The
research findings indicate that green space standards informed by
population preferences should be integrated into urban planning
policies. For example, the optimal values of 50% vegetation coverage
and 25% connectivity identified in this study can serve as critical
references for municipal residential green space design guidelines.
Local governments could establish these thresholds through
legislation to ensure that communities provide balanced environments
conducive to emotional recovery and mental well-being.

Moreover, the findings on gender and age differences further
underscore the importance of inclusive design principles, closely
resonating with Sustainable Development Goals 5 (gender equality) and
10 (reduced inequalities). To translate these insights into actionable
policies, future efforts could focus on strengthening collaboration with
municipal authorities and embedding evidence-based green space
standards (such as optimal vegetation ratios and connectivity thresholds)
into Hong Kong’s overall greening master plan. These initiatives not only
contribute to localizing the SDGs but also position Hong Kong as a global
exemplar for sustainable high-density urban development.

4.5 Limitations

Although this study focuses on four key dimensions of green
space design, there may still be additional emotional influence factors
that have not been considered. Future research will delve deeper into
people’s preferences for community green space landscapes and their
emotional responses from multiple angles, aiming to design green
spaces with greater comprehensive value and practical significance,
thereby providing a more comprehensive understanding of the
mechanisms by which green spaces impact emotions. In addition,
future research endeavors will focus on gathering a more extensive
and representative dataset, which will substantially enhance the
generalizability and robustness of the research findings.

5 Conclusion

This study employs isovist analysis to reveal the spatial distribution
characteristics of urban residents’ emotions in the Central and Western
District of Hong Kong, and systematically investigates the influence of
community green space landscape design in low-emotional-value areas
on residents emotional health, revealed the effects of four key
dimensions—green space richness, the proportion of flowers and plants,
connectivity, and shape—on emotional regulation. The results showed
that the design of community green spaces can significantly affect the
emotional state of residents and that their mental health can be improved
through a reasonable landscape layout (Figure 11).
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FIGURE 11

Exhilaration and relaxation scores for various dimensional variables across the different age groups.
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Research has shown that an appropriate increase in the proportion
of flowers can enhance people’s positive emotions, whereas an increase
in the proportion of green spaces can enhance people’s relaxation
levels. A 50% green space richness and a 50% proportion of flowers
and plants are the most popular and can effectively enhance residents’
relaxation and exhilaration, in line with the theory of moderate-
complexity visual patterns. Curved green spaces help to enhance
mood, whereas rectangular green spaces are more conducive to
generating relaxed emotions. Therefore, community green space
planning should prioritize a 50% design ratio and combine the
advantages of curved and rectangular green spaces to optimize
emotional recovery effects. In addition, moderate green space
connectivity (25%) can significantly enhance relaxation levels, whereas
high connectivity (100%) is not conducive to the generation of positive
emotions, suggesting that future UGS construction should reduce
road forks and enhance the coherence of green spaces (Figure 12).

There are significant differences in emotional responses to green
spaces across different age groups. Younger participants show a
stronger preference for dense greenery and exploratory path designs,
whereas older adults favor environments with a greater proportion of
flowers relative to grass and tend to exhibit negative emotions when
exposed to overly dense or rigidly rectangular green spaces. Therefore,
the design of community green spaces should fully account for the
distinct needs of various age groups. For example, interactive landscape
installations can be incorporated for younger individuals, whereas
green spaces featuring a moderately increased floral proportion and
natural curvilinear layouts can be provided for older adults. Moreover,
gender differences play a critical role in shaping emotional responses.
Women are more likely to express positive emotions in green
environments, whereas men typically display neither strongly positive
nor strongly negative emotional responses. Future planning and design
should comprehensively integrate multilevel vegetation configurations
with social spaces to address women’s heightened sensitivity to natural
environments. Simultaneously, functional facilities such as exercise
trails and fitness equipment can be introduced to enhance the usability
and appeal of green spaces for men.

In conclusion, this study provides a scientific basis for constructing
community green spaces with therapeutic functions, assisting urban
planners and community managers in better addressing the needs of
different age and gender groups while enhancing residents’ sense of
happiness and belonging. Furthermore, this research introduces a
novel intervention approach for mental health professionals by
encouraging patients to engage with and enjoy green space
environments as a means to regulate emotions and alleviate stress.
This study establishes a robust theoretical and practical foundation for
customized community green space design and sustainable urban
development. Future research should aim to expand the sample size,
explore additional design elements, and examine cross-cultural
variations in greater depth, thereby advancing the understanding of
the relationship between green spaces and emotions and offering more
comprehensive guidance for global urban green space planning.
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