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Abstract 

This study addresses the growing mental health challenges among university students, with a particular focus 
on depression, by examining the role of campus greenness in mitigating its effects. In contrast to the majority of stud-
ies that concentrate on campus environments in Western countries, this research uniquely investigates how varia-
tions in campus density and form within the Chinese context influence the role of campus greenness in mitigating 
depression among university students. By analyzing three distinct types of university campuses in Macau, the study 
also reflects on the broader implications for campuses across China. A comprehensive model is then employed 
to assess the effects of perceived greenness, frequency of use, and ease of access on depression, identifying 
both mediation and moderation effects through the application of PLS-SEM. The results demonstrate that perceived 
greenness exerts the most significant influence in high-density campuses, while frequency of use and convenience 
of access play a greater role in larger, lower-density campuses. Mediation analysis shows that perceived greenness 
partially mediates the relationship between green space usage and depression, particularly in smaller, high-density 
campuses. Additionally, moderation analysis indicates that frequency of use amplifies the restorative effects of higher 
perceived greenness, especially in medium and large campuses. These findings advance current theories in environ-
mental psychology and campus planning by underscoring the contextual intricacies of green space benefits. The 
outcomes are expected to inform future campus design and urban planning, emphasizing the importance of green 
spaces in fostering environments that support student well-being.
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Introduction
In the wake of the global economic downturn, univer-
sity students worldwide are experiencing unprecedented 
pressures due to intensifying market competition and 
rising youth unemployment rates. This issue is particu-
larly acute in East Asian countries such as South Korea, 
Japan, Vietnam, and China. In China, the youth (16–
29  years old) unemployment rate reached 23.6% in July 
2024 [45], adding to the social and economic challenges 
faced by young adults. Among Chinese college students, 
the incidence of depression is notably high,recent stud-
ies report that approximately 34.1% of university students 
suffer from depressive symptoms [45]., underscoring the 
heightened mental health challenges faced by this demo-
graphic. This population is uniquely vulnerable due to 
academic pressures, career uncertainties, and rapid social 
transitions that intensify stress levels, exacerbating the 
risk of depression and associated health issues [29]. These 
factors not only impair academic performance but also 
disrupt social functioning and increase the risk of severe 
mental health consequences [14]. Given these condi-
tions, investigating environmental interventions, such as 
campus green spaces, becomes increasingly relevant in 
providing preventive mental health support within edu-
cational settings.

Globally, depression is recognized by the World Health 
Organization (WHO) as a leading cause of disability, 
affecting over 264 million people [30], particularly, 99% 
colleges reported students experiencing anxiety and 
depression in the UK [7], and 26% graduate students 
even considering suicide [62]. In China, the prevalence 
of depression mirrors these global trends, exacerbated 
by the rapid pace of urbanization, modernization, and 
significant socioeconomic shifts. Recent data from the 
Chinese National Mental Health Survey indicate that 
approximately 4.2% of the adult population in China suf-
fers from depression, with the highest rates observed 
among individuals aged 18 to 29 [11, 43], and from 
research of anxiety and depression of Chinese university 
students, 34.10% (total over 40 million university stu-
dents in China in [45] were affected by depression [29]. 
This younger demographic is particularly vulnerable due 
to the intense pressures of academic achievement, career 
development, and social integration, underscoring the 
urgent need for effective mental health interventions and 
preventive strategies in educational settings.

In response to the growing mental health crisis, 
research on depression has increasingly focused on 
environmental factors that can either mitigate or exac-
erbate this condition. A substantial body of literature 
highlights the therapeutic benefits of natural environ-
ments, particularly green spaces, in promoting psy-
chological well-being and facilitating emotional and 

cognitive restoration (Dzhambov et al., [18, 20, 21, 28, 
33, 46, 52, 54]. These green environments are believed 
to reduce stress, alleviate depression, and enhance cog-
nitive recovery through mechanisms such as attention 
restoration and stress reduction [31, 42, 53]. Moreo-
ver, the healing effects of these environments extend 
beyond immediate emotional relief, contributing to 
long-term mental health and well-being by promoting 
a sense of peace and recovery [35, 43, 55, 59]. Further-
more, from campus perspective, limited research has 
pay attension to affections of campus environment to 
students’ mental health with impacts to their quality of 
life [21, 28, 41].

However, relavent studies were mostly focused on the 
campuses in western countries, which the style, form, 
urban density and building structures were largely dif-
ferent compare to global south, especially China. Within 
this context, the specific influence of green spaces within 
different university campuses types remains underex-
plored. Additionally, much of the existing research has 
focused primarily on children and adolescents [2, 57], 
with extremelly limited attention to university students. 
This demographic, however, faces unique challenges and 
environmental stressors, such as intense academic com-
petition and limited access to natural environments in 
high-density urban campuses. These factors can exacer-
bate mental health issues, particularly depression, when 
opportunities for restorative interactions with nature are 
constrained.

This research aims to investigate the relationship 
between campus green spaces and the mental health of 
university students in China, focusing on depression and 
the restorative effects of these environments. The study 
specifically examines how perceived greenness, fre-
quency of use, and convenience of access to green spaces 
influence students’ restorative experiences across vari-
ous university campus types. By exploring these factors, 
the research seeks to determine their contribution to 
alleviating depression and enhancing restoration among 
students. Additionally, the study will assess the mediat-
ing and moderating roles of usage frequency [41, 60] 
and convenience in the relationship between depression 
and perceived restorative effects [5, 8, 38, 51], providing 
deeper insights into the mechanisms.

By addressing these research questions, the study 
contributes to the broader fields of environmental psy-
chology and mental health in urban setting, providing 
empirical evidence on the restorative effects of green 
spaces within educational contexts. The findings are 
anticipated to inform campus design and urban planning 
practices, emphasizing the critical role of green elements 
in creating environments that are supportive of student 
well-being.
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Development of conceptual model
Indicators for analysis
Based on existing literature, this study employs sev-
eral key indicators to explore the relationship between 
campus green spaces and the mental health of univer-
sity students, particularly in relation to depression and 
restorative outcomes. The selection of these indicators 
is grounded in a comprehensive review of existing litera-
ture, focusing on the most relevant and validated meas-
ures in the field.

The Zung Self-Rating Depression Scale (ZSDS) and the 
Perceived Restorative Scale (PRS) are utilized as primary 
tools to measure self-rating depression (SD) and per-
ceived restorative (PR) outcomes, respectively. The ZSDS 
is a well-established instrument designed to assess vari-
ous dimensions of depression, including core depression, 
cognitive disturbances, anxiety, and somatic complaints 
[71]. The enduring use of ZSDS in psychological research 
is a testament to its robustness and validity, which has 
been consistently affirmed in numerous studies [47, 66–
68]. This scale’s comprehensive coverage of depression-
related makes it particularly well-suited for this study, as 
it allows for a nuanced exploration of how environmen-
tal factors such as campus green spaces influence mental 
health. The decision to use ZSDS over other scales, such 
as the Beck Depression Inventory (BDI) or the Hamilton 
Depression Rating Scale (HDRS), stems from its self-
report nature, which is less invasive and more suitable for 
a university setting where the focus is on subjective expe-
riences of depression rather than clinical diagnosis.

Similarly, the PRS is a widely used scale that captures 
the restorative effects of natural environments, measur-
ing dimensions such as psychological relaxation, emo-
tional renewal, and cognitive recovery [4, 16, 26–28, 
40, 51]. The PRS is particularly relevant for this study 
because of its focus on perceived restorative outcomes, 
aligning well with the study’s objective to evaluate the 
impact of green spaces on students’ mental health. The 
PRS has been widely validated in various contexts, ensur-
ing its continued relevance and effectiveness in captur-
ing the nuanced ways in which green spaces contribute 
to mental health restoration. Alternative scales, such 
as the Restorative Components Scale (RCS) [65], were 
considered, but the PRS was ultimately selected due to 
its broader applicability and established use in similar 
studies.

The perceived greeness of campus green spaces is 
shaped by the interplay of several key factors, each con-
tributing to the environment’s overall impact on mental 
health. Many scholars have directly [69, 70] and indi-
rectly [3, 6] shown that vegetation density and plant 
diversity are central to creating immersive and restora-
tive natural environments. Dense, diverse greenery can 

evoke a strong sense of connection to nature, enhanc-
ing cognitive recovery through what [31] describe as 
“soft fascination,” where the environment gently cap-
tures attention, allowing mental fatigue to dissipate 
[20]. However, the benefits of dense vegetation are 
context-dependent,in some urban settings, excessive 
density can lead to feelings of enclosure or insecurity, 
particularly if it obstructs visibility and increases per-
ceived risks [56]. On the other hands, complementing 
these structural elements, the variety of plant colors 
further enriches the sensory experience, adding depth 
and vibrancy to the visual field. The interplay of diverse 
hues, from the greens of foliage to the vibrant tones of 
flowers, has been linked to emotional recovery, as it 
engages viewers and enhances the aesthetic appeal of 
the space [23]. This visual complexity, however, must 
be balanced, becaude over-perceived variety without 
coherence can overwhelm rather than soothe, indicat-
ing that the restorative potential of plant color diversity 
is influenced by how well it integrates with the overall 
landscape design.

In addition, aesthetic preference emerges as a critical 
subjective element that ties together these physical char-
acteristics. While dense, diverse, and colorful vegetation 
can theoretically enhance a space’s restorative quality, 
it is the alignment with users’ aesthetic preferences that 
determines whether these attributes are perceived as 
beneficial [32]. Cultural and individual differences play 
a significant role here, suggesting that what one group 
finds restorative might be less effective for another [36]. 
This variability points to the importance of designing 
campus green spaces that are adaptable to different aes-
thetic tastes, thereby maximizing their psychological 
benefits across a diverse student body. Another layer of 
complexity is added by the concepts of visual openness 
and maintenance. Open views within a green space can 
counterbalance the effects of dense vegetation, provid-
ing a sense of freedom and reducing feelings of confine-
ment, especially in high-density urban environments [9, 
17, 19]. However, excessive openness might reduce the 
perceived sense of security, which is crucial for restora-
tion. Well-maintained spaces, on the other hand, are con-
sistently associated with positive perceptions of safety 
and order, which enhance the likelihood of frequent use 
and contribute to the space’s restorative potential [41]. 
The interaction between openness, maintenance, and 
vegetation structure thus plays a pivotal role in shaping 
the overall perceived greeness and its impact on mental 
health. Moreover, comfortable, well-designed pathways 
encourage exploration and deeper engagement with 
the environment, which in turn enhances the restora-
tive experience [9, 19]. The effectiveness of green spaces 
as therapeutic environments depends not only on their 
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visual appeal but also on how easily and comfortably they 
can be navigated and enjoyed.

The frequency of access green space is another crucial 
indicator [41]. It reflects the extent to which students 
engage with these natural environments, which has been 
shown to have a direct impact on mental health. Exist-
ing studies consistently demonstrate that regular interac-
tion with green spaces is associated with reduced levels 
of depression, anxiety, and stress, as these environments 
provide opportunities for relaxation, physical activity, 
and social interaction [1, 15]. The frequency of use is 
often influenced by individual preferences, the availabil-
ity of time, and the perceived benefits of engaging with 
these spaces [15, 38].

Convenience, in terms of accessibility and ease of use, 
is the third major indicator analyzed in this study. The 
proximity of green spaces to students’ daily routes, the 
availability of well-designed pathways, and the overall 
accessibility of these environments significantly affect 
their use. Research shows that when green spaces are 
convenient to access, students are more likely to use 
them regularly, thereby reaping the psychological ben-
efits associated with nature exposure [22, 38]. The ease 
of access is particularly critical in high-density urban 
environments where students may have limited time and 
resources to seek out natural spaces, making convenience 
a key determinant of whether or not they engage with 
these restorative environments [9].

From the discussion above, the indicators identified in 
this study are conclude in Table 1.

The relationships between key variables
As measured by the Zung Self-Rating Depression Scale 
(ZSDS), and perceived restorative (PR) effects of green 
spaces on campus. Self-rating depression are known to 
significantly impair cognitive and emotional function-
ing, leading to a decreased ability to experience positive 
states such as relaxation and restoration. Environmen-
tal psychology suggests that natural environments, par-
ticularly those that are perceived as restorative, can help 

mitigate the effects of depression by providing a calming 
and rejuvenating experience [31, 53]. Therefore, the rela-
tionship between SD and PR is expected to be inversely 
proportional, where higher levels of depression are asso-
ciated with lower restorative effects. This leads to the first 
hypothesis:

H1: There is a negative relationship between depres-
sion (SD) and perceived restorative effects (PR).

Moving forward, the relationship between depression 
(SD) and perceived greeness (PG) of campus green spaces 
is examined. It is theorized that individuals with higher 
levels of depression may have a heightened sensitivity 
to their surroundings, particularly to environments that 
are aesthetically pleasing and well-maintained. Perceived 
greeness, including factors such as vegetation diversity 
and maintenance, can provide a sense of order and tran-
quility that counters the feelings of chaos often associ-
ated with depression [20]. This suggests that individuals 
with higher depression may place greater value on high-
quality visual environments. In turn, these high-quality 
environments are more likely to be perceived as restora-
tive, as they fulfill the psychological need for beauty and 
order [28, 56, 60, 61]. Therefore, the following hypotheses 
are proposed:

H2: There is a positive relationship between depres-
sion (SD) and the perceived greeness (PG) of campus 
green spaces.

H3: There is a positive relationship between the per-
ceived perceived greeness (PG) of campus green 
spaces and perceived restorative effects (PR).

In addition, the study investigates the connection 
between depression (SD) and the frequency of green 
space use (FR). Previous research indicates that indi-
viduals experiencing depression might either increase 
their interaction with natural environments as a form 
of escapism or decrease their usage due to a lack of 
motivation [31]. The frequency of interaction with 

Table 1  The information of three universities

City University of Macau Macau University of Science and 
Technology

University of Macau

Type number Type I Type II Type III

Number in modeling Model I Model II Model III

Compactness High Medium Low

Total area 0.038 km2 0.21 km2 1.0926 km2

Student amount 4260 21,000 13,800

m2/person 8.9 m2/person 10 m2/person 791 m2/person

Greeness conditions Very limited greeness Moderated greeness Very large greeness
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green spaces is crucial, as regular engagement has been 
shown to amplify the psychological benefits associ-
ated with these environments, such as stress reduction 
and mood improvement [1, 41]. Consequently, the fre-
quency of use is also expected to be positively associ-
ated with restorative effects, as more frequent exposure 
to green spaces provide consistent opportunities for 
mental recovery. Based on this, the following hypoth-
eses are developed:

H4: There is a significant relationship between 
depression (SD) and the frequency of green space use 
(FR).
H5: There is a positive relationship between the fre-
quency of green space use (FR) and perceived restor-
ative effects (PR).

The study considers the relationship between depres-
sion (SD) and the convenience of green space use (CO). 
Convenience, which encompasses factors such as prox-
imity and ease of access, plays a vital role in determin-
ing whether individuals will engage with green spaces. 
Those with higher depression might prefer easily acces-
sible environments that require minimal effort to reach, 
which in turn could influence their frequency of use and 
subsequent restorative experiences. The convenience of 
access is hypothesized to be positively linked to restora-
tive effects, as it facilitates more frequent and potentially 
longer interactions with nature, which are critical for 
mental health recovery [22]. Therefore, the final hypoth-
eses are:

H6: There is a significant relationship between 
depression (SD) and the convenience of green space 
use (CO).
H7: There is a positive relationship between the 
convenience of green space use (CO) and perceived 
restorative effects (PR).

The restorative potential of campus green spaces 
depends not only on their visual appeal but also on their 
capacity to promote regular engagement and easy acces-
sibility. Research indicates that green spaces with high 
vegetation density and plant diversity create immersive 
natural environments conducive to cognitive recov-
ery and stress reduction, which significantly contribute 
to mental health and well-being [63, 64]. Additionally, 
structured pathways and visual openness within these 
spaces enhance accessibility, encouraging students to 
interact more frequently with green environments and 
thereby reinforcing the cumulative psychological ben-
efits through consistent exposure [10, 63]. Based on these 
considerations, the following hypotheses are developed:

H8: There is a positive relationship between per-
ceived greenness (PG) and frequency of green space 
use (FR).
H9: There is a positive relationship between per-
ceived greenness (PG) and convenience of access 
(CO).

Based on these hypotheses, the conceptual model can 
be developed in Fig. 1.

Moderation effects
The role of frequency of green space use (FR) as a mod-
erator is considered (Fig.  1). The impact of perceived 
greeness on restorative effects is likely to be influenced 
by how often students engage with these spaces. Exist-
ing literature suggests that frequent exposure to green 
spaces enhances the psychological benefits derived from 
them, as repeated interaction can reinforce the restora-
tive experience and allow individuals to build a deeper 
connection with the environment [1, 15]. Therefore, it 
is hypothesized that the relationship between perceived 
greeness and restorative effects will be stronger for stu-
dents who use green spaces more frequently. This leads 
to the following hypothesis:

H10: The frequency of green space use (FR) moder-
ates the relationship between perceived greeness 
(PG) and perceived restorative effects (PR), such that 
the relationship is stronger for individuals who use 
green spaces more frequently.

We also consider the convenience of access to green 
spaces (CO) as another moderating factor. The ease with 
which students can access green spaces is likely to influ-
ence how they perceive the greeness of these environ-
ments and, consequently, their restorative effects. When 
green spaces are conveniently located and easy to access, 
students may be more inclined to visit them regularly 
and for longer periods, thereby maximizing the benefits 
of the high-quality visual environment [22]. Conversely, 
if access is inconvenient, even high-quality green spaces 
may be underutilized, reducing their potential restorative 
impact. Hence, the study hypothesizes that:

H11: The convenience of access to green spaces (CO) 
moderates the relationship between perceived gree-
ness (PG) and perceived restorative effects (PR), such 
that the relationship is stronger for individuals who 
find green spaces more convenient to access.

Mediation effects
Mediation analysis is crucial for understanding how these 
intermediary variables transmit the impact of depres-
sion on restorative outcomes, thereby providing deeper 
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insights into the processes through which campus green 
spaces can affect student mental health.

The first mediation effect to consider involves per-
ceived reeness (PG) as a mediator. Depression can alter 
an individual’s perception of their environment, particu-
larly in terms of how they value and respond to aesthetic 
qualities such as vegetation diversity, color, and overall 
landscape maintenance. It is posited that individuals with 
higher levels of depression may develop a heightened 
sensitivity to environmental aesthetics, leading them to 
place greater importance on high-quality visual environ-
ments [12, 13, 58]. These environments, in turn, are more 
likely to be perceived as restorative due to their ability to 
provide a sense of peace and order [20, 31]. This suggests 
that perceived greeness may mediate the relationship 
between depression and restorative effects:

H12: Perceived greeness (PG) mediates the relation-
ship between depression (SD) and perceived restora-
tive effects (PR).

The study also examines the role of frequency of green 
space use (FR) as a mediator. Individuals experienc-
ing higher levels of depression might engage with green 
spaces differently, either by seeking them out more fre-
quently as a form of emotional relief or by avoiding them 
due to a lack of motivation. The frequency of interaction 
with green spaces is critical, as regular engagement is 

associated with enhanced psychological benefits, includ-
ing stress reduction and mood improvement [1]. Conse-
quently, frequency of use is hypothesized to mediate the 
relationship between depression and restorative effects:

H13: The frequency of green space use (FR) mediates 
the relationship between depression (SD) and per-
ceived restorative effects (PR).

Lastly, the study considers the convenience of access 
to green spaces (CO) as a mediator. The ease with which 
students can access green spaces plays a significant role 
in determining their usage patterns. Students experienc-
ing depression might prefer environments that are easily 
accessible, as these require less effort to reach, thereby 
lowering the barriers to engagement. This convenience 
could lead to more frequent and meaningful interactions 
with green spaces, ultimately enhancing the restorative 
effects they experience [22]. Based on this understand-
ing, the final mediation hypothesis is proposed:

H14: The convenience of access to green spaces (CO) 
mediates the relationship between depression (SD) 
and perceived restorative effects (PR).

The mediating roles of perceived greenness (PG) and 
convenience of access (CO) in conjunction with fre-
quency of green space use (FR) reveal how specific green 
space attributes contribute to enhanced psychological 

Fig. 1  Conceptual model
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outcomes through a chain of mediating factors. Green 
spaces with high perceived greenness tend to attract 
users through their aesthetic appeal, fostering frequent 
visits that support cognitive recovery and stress reduc-
tion [63, 64]. This sequence suggests that PG acts as an 
initial mediator, enhancing the likelihood of frequent 
use (FR), which, in turn, amplifies restorative effects 
through ongoing exposure to natural elements. Simi-
larly, convenience of access (CO) functions as an initial 
mediator by reducing physical and perceived barriers to 
green space entry, further encouraging regular visitation. 
Accessible and well-maintained spaces create a pathway 
whereby increased access leads to more frequent interac-
tions, reinforcing mental well-being through consistent 
engagement [50, 63]. Together, these pathways highlight 
the pivotal roles of both aesthetic appeal and accessibility 
in promoting sustained engagement, leading to cumula-
tive psychological benefits. Based on this, the following 
hypotheses are proposed:

H15: Perceived greenness (PG) and frequency of 
green space use (FR) act as chain mediators in the 
relationship between green space quality and psycho-
logical outcomes.
H16: Convenience of access (CO) and frequency of 
green space use (FR) act as chain mediators in the 
relationship between green space accessibility and 
psychological outcomes.

Control variables
In this study, gender and education level are included as 
control variables to account for their potential influence 
on the relationships between depression (SD), perceived 
greeness (PG), frequency of green space use (FR), con-
venience of access (CO), and perceived restorative effects 
(PR).

Gender is known to affect both mental health outcomes 
and environmental perceptions. For instance, research 
suggests that men and women may experience and 
respond to depression differently, which could influence 
their interaction with and benefit from green spaces [25, 
48]. Controlling for gender ensures that the relationships 
between the key variables are not confounded by these 
differences. Education level also plays a role in shaping 
health behaviors and environmental engagement. Indi-
viduals with higher education levels might have greater 
awareness and access to the benefits of green space use, 
leading to more frequent and effective engagement with 
these environments [44]. By controlling for education, 
the study ensures that the findings reflect the true associ-
ations between the variables, independent of educational 
background.

Including these control variables enhances the accu-
racy and validity of the study’s results, providing a clearer 
understanding of how campus green spaces influence 
student mental health across different demographic 
groups.

Methods
Case study investigation
This study investigates the restorative effects of green 
spaces across three distinct university campuses in 
Macau, chosen for their varied spatial contexts (Fig.  2 
and Table  1). The campuses represent different levels 
of density and spatial arrangement, allowing for a com-
parative analysis of how green space characteristics influ-
ence student interactions and mental health outcomes 
(Figs. 3 and 4). The selection of these campuses provides 
an ideal framework for understanding the role of campus 
design in promoting mental well-being through natural 
environments.

Type I: City University of Macau (CUM)
The City University of Macau represents a high-den-
sity, small-scale campus with very limited greenness, 
which the type of campus can be often found in such 
as Hong Kong and Macau. The university covering just 
0.038 square kilometers, the campus features limited 
green spaces, such as rooftop gardens. The spaces are 
interspersed throughout the compact campus, creat-
ing a confined and highly structured environment. 
Due to the limited area and spatial constraints, the fre-
quency of green space use may be lower compared to 
larger campuses, making the perceived greeness of these 
spaces—such as plant diversity, vegetation density, and 
maintenance—critical for any restorative effects. In 
this type of campus, students may rely heavily on the 
aesthetic appeal and maintenance of green spaces, as 
frequent, extended use may not be feasible due to the 
campus’s compactness.

Type II: Macau University of Science and Technology (MUST)
The Macau University of Science and Technology rep-
resents a medium-density, moderately compact cam-
pus and greenness, which this type is rarely found in 
China. Spanning approximately 0.21 square kilometers, 
this campus offers a more balanced mix of green spaces, 
including sports facilities and shaded outdoor areas, as 
well as fragmented green belts. Its moderate size allows 
for more frequent use of green spaces, while maintain-
ing some spatial constraints. The availability of shaded 
pathways and the presence of a Chinese medicinal herb 
garden may encourage more interaction with these nat-
ural areas, suggesting that both the perceived greeness 
and frequency of use could play significant roles in the 
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Fig. 2  The location of study area and selected cases

Fig. 3  The form and section of selected campuses
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restorative benefits experienced by students. This type 
of campus offers a balance between accessibility and the 
aesthetic appeal of green spaces, potentially enhancing 
both cognitive recovery and emotional well-being.

Type III: University of Macau (UM)
The University of Macau, the largest of the three cam-
puses, which the campus type is the most common type 
and widely seen in China. The campus covers 1.09 square 
kilometers and is characterized by its low-density, expan-
sive layout. The campus offers extensive green spaces, 
including large gardens, tree-lined pathways, and access 
to both mountain and marine environments. Due to its 
large area, students have ample opportunities for fre-
quent interaction with green spaces, which could lead to 
greater restorative effects through prolonged engagement 
with nature. In this context, the frequency of green space 
use, as well as the convenience of access, may be more 
influential in promoting mental health, as the expansive 
layout facilitates more regular and immersive experi-
ences with nature. The perceived greeness of the spaces, 
while still important, may have a more secondary role 
compared to the accessibility and frequency of use in this 
low-density environment.

These three campuses were selected due to their con-
trasting green space configurations and accessibility, 

which are essential for examining how spatial factors 
influence mental health outcomes among students. By 
analyzing the differences in green space availability, fre-
quency of use, and perceived greeness, this study aims 
to understand how specific campus designs can either 
enhance or limit the restorative effects of natural envi-
ronments. The diversity of green space characteristics 
across the campuses provides a comprehensive basis for 
exploring their respective impacts on depression and 
emotional recovery.

Demographic characteristics of the participants
The study sample consisted of 818 participants distrib-
uted across three campus types (Table  2): 275 from the 
small campus, 286 from the medium campus, and 257 
from the large campus. Gender distribution was rela-
tively balanced, with a slight male majority: 57.8% male 
and 42.2% female on the small campus, 58.7% male and 
41.3% female on the medium campus, and 56.0% male 
and 44.0% female on the large campus. Participants’ 
study status varied, with the small campus comprising 
25.1% in Matriculation Courses, 32.4% Undergradu-
ates, 36.0% Post-Graduates, and 6.5% Doctoral students. 
On the medium campus, 20.3% were in Matriculation 
Courses, 25.9% Undergraduates, 48.3% Post-Graduates, 
and 5.6% Doctoral students. The large campus had 17.1% 

Fig. 4  The conditions and coverage of greeness in public spaces across vasiours campuses
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in Matriculation Courses, 31.1% Undergraduates, 45.1% 
Post-Graduates, and 6.6% Doctoral students. This demo-
graphic diversity allows for a robust analysis across differ-
ent educational levels and campus environments.

Data collection sampling
To ensure the validity of the data sample, the survey tar-
geted students from the three types of universities rep-
resenting the most common campus types in China. The 
questionnaire, written in Traditional Chinese, was col-
lected in person by using a snowball sampling method. 
Additionally, some studies suggest that seasonal factors 
can affect plant growth, thereby influencing participants’ 
perceptions of green space vegetation [21, 34]. However, 
this study was conducted in Macau, where the subtropi-
cal climate ensures consistent vegetation year-round. As 
Macau does not experience significant seasonal changes 
that affect plant life, the timing of data collection is 

unlikely to bias participants’ perceptions of green space 
quality.

Before the formal distribution of the questionnaire, a 
pilot test was conducted with 10 participants who met the 
criteria to identify and revise questions that could cause 
ambiguity. The revised questionnaire was distributed in 
April 2024, with data collection completed by early June. 
Total 970 completed sample were received, but since the 
actual time required to complete the questionnaire was 
approximately 2  min, 152 invalid questionnaires were 
removed due to excessively short response times, result-
ing in 818 valid questionnaires being collected.

Measures
This study employs a combination of validated instru-
ments and indicators to measure the constructs central 
to understanding the impact of campus green spaces on 
students’ mental health (Table  3). The Zung Self-Rating 
Depression Scale (SD) was utilized to assess depression, 

Table 2  Demographics statistics of the sample data from three universities

Total participants n = 818

CUM MUST UM

N % N % N %

Gender Male 159 57.8 168 58.7 144 56.0

Female 116 42.2 118 41.3 113 44.0

Study Status Matriculation Course 69 25.1 58 20.3 44 17.1

Undergraduate 89 32.4 74 25.9 80 31.1

Post-Graduate 99 36.0 138 48.3 116 45.1

Doctor 18 6.5 16 5.6 17 6.6

Participants number 275 100 286 100 257 100

Table 3  The key variables, items and references

Variable Items References

Self-rating Depression (SD) Core Depression (Cd) – 8 items [47, 66, 68, 71]

Cognitive (Co) – 4 items

Anxiety (An) – 3 items

Somatic (So) – 3 items

Perceived Restoration (PR) 18 items [4, 16, 26, 27]

Frequency (FR) Frequency access [9, 15, 17, 32, 38, 41]

Perceived Greeness (PG) Plant coverage [20, 56]

Richness of plant color [23]

Plant diversity [20, 32, 56, 60]

Landscape aesthetic preferrences [32, 36]

Visual comfortable with green [9, 17, 19]

Visual openness of green space [9]

Maintenance of green space [9]

Engagement opportunities with greenery [9]

Convenience (CO) Convenience for using the green space [22, 38]



Page 11 of 22Liu et al. BMC Public Health          (2025) 25:907 	

encompassing core depression, cognitive disturbances, 
anxiety, and somatic complaints. This scale is well-estab-
lished in psychological research, offering robust insights 
into the mental health status of participants and fre-
quently used in studies related to depression. Therefore, 
the questionnaire of ZSDS was adopted in this study [71]. 
The Perceived Restorative Scale (PRS), with 18 items, was 
used to evaluate the restorative effects of natural environ-
ments, specifically focusing on psychological relaxation, 
emotional renewal, and cognitive recovery (Hartig et al., 
[27]. The PRS scale was slightly modified in order to fit 
the investigation setting, and modified measurements 
were presented in Supplementary File.

The study also considered three key environmen-
tal variables: Frequency of green space usage (FR), Per-
ceived Greeness (PG) and Convenience (CO). Perceived 
greeness was assessed through multiple facets including 
plant density, color richness, diversity, aesthetic pref-
erences, visual comfort, openness, maintenance, and 
pathway quality. These indicators were selected based 
on their demonstrated impact on the psychological ben-
efits of green spaces, as supported by existing literature 
(Table 3). Convenience was evaluated in terms of the ease 
of accessing and using green spaces, which is crucial in 
determining the frequency and quality of engagement 
with these environments. All these indicators were devel-
oped based on existing studies for the investigation, the 
details of measurements can be found in Supplementary 
File.

Data analysis
In this study, Partial Least Squares Structural Equation 
Modeling (PLS-SEM) was selected due to its distinct 
advantages in handling complex relationships between 
latent variables such as depression, perceived greeness, 
frequency of green space use, and perceived restorative 
effects. PLS-SEM is particularly suitable for this research 
because it does not require the stringent normality 
assumptions of covariance-based SEM and performs well 
with smaller sample sizes, such as the 818 cases analyzed 
here [24]. Additionally, PLS-SEM allows for the simul-
taneous estimation of direct, indirect, and interaction 
effects, which is critical for testing the complex media-
tion and moderation hypotheses central to this study. The 
analysis was conducted using SmartPLS 4, with a boot-
strap resampling procedure of 5,000 iterations to ensure 
the stability and reliability of the results [24].

Composite Reliability (CR) and Average Variance 
Extracted (AVE) were calculated to assess internal con-
sistency and convergent validity, respectively. All con-
structs demonstrated strong reliability (CR > 0.7) and 
adequate convergent validity (AVE > 0.5). Discriminant 
validity was confirmed using the Heterotrait-Monotrait 

Ratio (HTMT), with all HTMT values below the thresh-
old of 0.85. The calculations are:

The structural model’s predictive accuracy was evalu-
ated using the coefficient of determination (R2) and effect 
size (f2). The moderation and mediation effects were 
tested using interaction terms and indirect paths, respec-
tively. The calculations are:

A multi-group analysis (Sarstedt et  al., [49] was con-
ducted to compare path coefficients across different cam-
pus environments. The formula used to compare these 
coefficients across the three models was:

Analysis results
Measurement analysis
The measurement model’s reliability and validity were 
assessed using Partial Least Squares Structural Equation 
Modeling (PLS-SEM) via SmartPLS 4. The internal con-
sistency of the constructs, evaluated by Cronbach’s Alpha 
(α) and Composite Reliability (CR), yielded values that 
exceeded the threshold of 0.7, indicating strong reliabil-
ity (Table 1). This finding suggests that the items within 
each construct consistently measure the intended latent 
variables, thereby providing confidence in the internal 
coherence of the constructs. Moreover, the analysis dem-
onstrated adequate convergent validity, as evidenced by 
Average Variance Extracted (AVE) values surpassing the 
recommended threshold of 0.5 (Table  4). This indicates 
that a significant portion of the variance in the observed 
variables is explained by the underlying constructs, 
underscoring the constructs’ effectiveness in capturing 
the intended dimensions of the theoretical model. For 
instance, in the Core Depression (CD) dimension, the 
AVE values for the three models ranged from 0.624 to 
0.640, affirming the robustness of this construct.
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Table 4  Reliability and convergent validity

Model I (n = 275) Model II (n = 286) Model III (n = 257)

λ VIF CR α AVE λ VIF CR α AVE λ VIF CR α AVE

ZUNG Self-rating Depression Scale (ZSDS)

Core Depression (CD) 0.930 0.914 0.624 0.933 0.918 0.636 0.934 0.919 0.640

CD01 0.844 2.618 0.812 2.253 0.776 2.018

CD02 0.776 2.046 0.779 2.034 0.809 2.366

CD03 0.773 2.248 0.815 2.616 0.794 2.498

CD04 0.805 2.203 0.763 1.917 0.732 1.921

CD05 0.742 2.057 0.777 2.192 0.834 3.086

CD06 0.820 2.378 0.821 2.388 0.736 1.913

CD07 0.800 2.421 0.814 2.557 0.895 4.726

CD08 0.756 2.080 0.795 2.416 0.811 2.447

Cognitive (Co) 0.906 0.862 0.707 0.895 0.844 0.682 0.883 0.823 0.654

Co01 0.841 3.082 0.805 2.072 0.796 2.022

Co02 0.863 2.212 0.866 2.196 0.850 1.953

Co03 0.854 2.815 0.824 2.578 0.814 2.280

Co04 0.805 1.833 0.806 1.766 0.773 1.583

Anxiety (An) 0.865 0.765 0.681 0.867 0.770 0.686 0.870 0.776 0.691

An01 0.862 2.699 0.882 3.286 0.886 3.200

An02 0.831 2.163 0.797 1.957 0.806 1.972

An03 0.781 1.436 0.802 1.522 0.800 1.549

Somatic (So) 0.889 0.812 0.727 0.883 0.800 0.715 0.867 0.770 0.686

D05 0.869 1.857 0.806 1.541 0.789 1.451

D07 0.851 1.783 0.875 1.923 0.874 1.837

D09 0.837 2.215 0.854 2.295 0.819 2.372

Perceived Greeness (PG) 0.968 0.916 0.630 0.937 0.923 0.650 0.939 0.926 0.660

PG01 0.811 2.245 0.819 2.356 0.829 2.620

PG02 0.814 2.378 0.789 2.100 0.805 2.356

PG03 0.772 1.932 0.842 2.630 0.849 2.771

PG04 0.809 2.277 0.876 3.252 0.859 3.089

PG05 0.772 2.032 0.842 2.702 0.809 2.311

PG06 0.775 1.990 0.777 2.122 0.764 1.978

PG07 0.798 2.136 0.716 1.694 0.808 2.341

PG08 0.797 2.131 0.780 2.085 0.771 2.102

Perceived Restoration Scale (PRS) 0.964 0.960 0.596 0.961 0.957 0.581 0.966 0.963 0.616

PRS01 0.793 2.638 0.748 2.152 0.852 3.493

PRS02 0.773 2.347 0.711 1.928 0.850 3.725

PRS03 0.792 2.481 0.790 2.467 0.849 3.395

PRS04 0.724 2.069 0.692 1.855 0.825 3.147

PRS05 0.828 2.934 0.775 2.317 0.765 2.536

PRS06 0.787 2.536 0.737 2.148 0.798 2.622

PRS07 0.689 1.893 0.772 2.311 0.785 2.517

PRS08 0.758 2.247 0.826 2.905 0.775 2.603

PRS09 0.759 2.291 0.719 2.072 0.644 1.740

PRS10 0.798 2.576 0.790 2.499 0.747 2.212

PRS11 0.748 2.159 0.680 1.762 0.704 2.051

PRS12 0.791 2.516 0.854 3.247 0.830 3.169

PRS13 0.810 2.682 0.766 2.297 0.651 1.792

PRS14 0.762 2.280 0.767 2.299 0.839 3.314

PRS15 0.784 2.454 0.746 2.159 0.785 2.495

PRS16 0.707 1.872 0.749 2.319 0.828 3.133

PRS17 0.846 3.379 0.835 3.084 0.750 2.377

PRS18 0.725 2.007 0.734 2.059 0.805 2.955



Page 13 of 22Liu et al. BMC Public Health          (2025) 25:907 	

Additionally, the assessment of multicollinearity through 
the Variance Inflation Factor (VIF) revealed that all VIF 
values were below the threshold of 5, indicating that mul-
ticollinearity does not pose a significant issue in this model 
(Table  4). For example, the VIF values for the Cognitive 
(Co) construct across the models ranged between 1.583 and 
3.082, well within acceptable limits. This absence of multi-
collinearity is critical as it ensures that the relationships 
among the constructs are not artificially inflated, allowing 
for more accurate estimation of the structural paths.

Discriminant validity was further confirmed through 
the Heterotrait-Monotrait ratio (HTMT), with all values 
remaining below the critical threshold of 0.85, as shown 
in Fig. 5. This crucial finding suggests that each construct 
is distinct and captures unique aspects of the theoretical 
framework, ensuring that the constructs are not overlap-
ping in their measurements. The discriminant validity is 
particularly evident in the comparison between the Anxi-
ety (An) and Somatic (So) constructs, where the HTMT 
values indicated clear differentiation between these two 
dimensions.

To further assess the predictive accuracy of the 
model, the Predictive Relevance (Q2) was calculated 
for each construct (Table 5). The Q2 values for key con-
structs such as Core Depression (Cd), Anxiety (An), 
Cognitive (Co), and Somatic (So) were all significantly 
positive, indicating that the model has substantial pre-
dictive relevance. Specifically, the Q2 values for Cd and 
Co were 0.593 and 0.602, respectively, which are well 
above the minimum threshold of 0, demonstrating 
strong predictive power for these constructs. Similarly, 
the Anxiety and Somatic constructs also showed Q2 
values of 0.561 and 0.593, confirming their relevance 
within the predictive framework. Meanwhile, The Q2 
value for FR (0.408) was also relatively high, indicating 
that the construct contributes substantially to the mod-
el’s predictive power.

However, it is noteworthy that the Q2 values for Per-
ceived Greenness (0.137) and Convenience (0.023) are 
relatively low, indicating limited predictive power for 
these constructs. This suggests that the model’s ability 
to predict outcomes related to these variables is weaker, 
which may point to the need for additional indicators 
or a refinement in measurement. Lastly, the Q2 value 
for PR was 0.208, indicating a modest level of predictive 
relevance.

Structural analysis
The structural analysis investigates the relationships 
between depression, perceived greenness, frequency of 
green space use, and perceived restorative effects across 
different campus environments. The analysis includes 
an in-depth examination of moderation effects and con-
trol variables to systematically derive the implications 
of green spaces on perceived restoration. The primary 
relationships in the model (Table  6 and Fig.  6), specifi-
cally between the Self-Rating Depression (SD) and the 
Perceived Restoration (PR), were consistently positive 
and significant across all campus types. However, the 
strength of these relationships varied depending on the 
campus environment, with the strongest effects observed 
in low-density, large campuses (Model III).

The direct path between SD and PR was highly signifi-
cant in all three models. For Model I, β = 0.275 (t = 3.949, 
p < 0.01), indicating a positive and significant relationship. 
This relationship became stronger in Model II (β = 0.323, 
t = 5.284, p < 0.01) and was even more pronounced in 
Model III (β = 0.339, t = 3.535, p < 0.01), suggesting that 
the perceived restorative effects increase with campus 
size and openness.

A critical observation from the models is the dif-
ferential influence of SD on PG and FR. This nuanced 
finding reveals that the psychological state of individu-
als can significantly impact their perception and usage 

Fig. 5  Discriminant validity
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of green spaces, which underscores the importance of 
considering mental health variables when analyzing 
environmental preferences and behaviors. Specifically, 
the direct path from SD to PG was significant across all 
models, with the highest influence observed in Model 
II (β = 0.517, t = 10.637, p < 0.01). This suggests that in 
medium and compact campus environments, depres-
sion may significantly influence students’ perception of 
green spaces, potentially indicating a greater reliance 
on environmental factors to improve well-being in such 
contexts. In Model III, although the relationship was 
still significant (β = 0.262, t = 3.008, p < 0.01), it showed 
a slightly reduced impact compared to more compact 
environments, possibly reflecting the higher availability 
of natural resources in expansive campuses.

The moderation effects of PG and FR were also 
assessed. The interaction terms PG × SD and FR × SD 
were included in the models to determine how these 
factors influence the relationship between depression 

and perceived restorative effects. The analysis revealed 
that perceived greenness significantly moderates this 
relationship, particularly in Model II (medium and 
compact campus) and Model III (low-density and large 
campus). In Model II, the interaction effect of PG on 
the relationship between SD and PR was significant 
(β = 0.181, t = 2.952, p < 0.05), indicating that higher 
perceived greenness amplifies the restorative effects of 
green spaces for students with depression. In Model 
III, the interaction effect of PG was also significant 
(β = 0.143, t = 1.614, p < 0.10), suggesting that in more 
expansive campus environments, perceived greenness 
plays a crucial role in enhancing their healing potential.

In contrast, the moderation effect of FR on the rela-
tionship between SD and PR was more variable. While 
FR significantly moderated this relationship in Model 
II (β = 0.151, t = 2.389, p < 0.05), its effect was less pro-
nounced in Model III (β = 0.127, t = 1.460, p < 0.10), and 
not significant in Model I (small and highly compact 
campus). These findings suggest that the frequency of 
green space use is more impactful in medium and large 
campuses, where students may have more opportuni-
ties to engage with green spaces, thereby enhancing 
their restorative experiences.

The analysis also controlled for potential confounding 
variables, such as gender and education level, to isolate 
the effects of the main variables of interest. The results 
showed that gender had a significant impact on PR in 
Model I and Model III, with a path coefficient of 0.139 
(t = 1.466, p < 0.10) in Model I and −0.184 (t = 1.396, 
p < 0.10) in Model III, indicating that male and female 
students might experience the restorative effects of 
green spaces differently. Education level also exhibited 

Table 5  Predictive relevance (Q2)

SSO SSE Q2 (= 1-SSE/SSO)

SD

Core Depression 6544.000 2661.883 0.593

Anxiety 2454.000 1078.153 0.561

Cognitive 3272.000 1303.214 0.602

Somatic 2454.000 999.191 0.593

Perceived Greeness 6544.000 5649.711 0.137

Convenience 818.000 799.223 0.023

Frequency 818.000 484.037 0.408

PR 14,724.000 11,657.323 0.208

Table 6  Structural model results

Note: *0.05 ≤ p ≤ 0.10;**0.01 ≤ p ≤ 0.05;***p ≤ 0.01

Model I Model II Model III

β f2 t β f2 t β f2 t

Control relationships
  Gender- > PRS 0.139* 1.466* −0.070 0.801 −0.184* 1.396*

  Education- > PRS 0.029 0.636 0.025 0.532 0.097* 1.570*

Direct path
  SD- > PR 0.275*** 0.072*** 3.949*** 0.323*** 0.111*** 5.284*** 0.339*** 0.136*** 3.535***

  SD- > PG 0.512*** 0.355*** 9.734*** 0.517*** 0.365*** 10.637*** 0.262*** 0.074*** 3.008***

  SD- > FR 0.032 0.001 0.642 0.012 0.000 0.223 0.089* 0.014* 1.548*

  SD- > CO 0.095* 0.009* 1.527* 0.181*** 0.034*** 3.219*** 0.305*** 0.103*** 3.686***

  PG- > PR 0.257*** 0.066*** 3.624*** 0.249*** 0.068*** 4.245*** 0.286*** 0.097*** 3.247***

  FR- > PR 0.086 0.006 1.278 0.115** 0.014** 1.879** 0.032 0.001 0.359

  CO- > PR 0.078 0.005 1.132 0.081* 0.007* 1.411* 0.140* 0.015 1.586*

Moderating
  FR x PG—> PR 0.127* 1.460* 0.151** 2.389** 0.251** 1.934**

  CO x PG—> PR 0.143* 1.614* 0.181** 2.952** −0.026 0.242
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a significant effect on PR in Model III (β = 0.097, 
t = 1.570, p < 0.10), suggesting that students with higher 
educational attainment may perceive the restorative 
benefits of green spaces more strongly, potentially due 
to different levels of stress or cognitive engagement.

Mediation analysis
The mediation analysis examined the indirect effects of 
the SD on the PR through the mediating variables PG, 
FR, and CO across the three campus models, as detailed 
in Table 7. The analysis provides crucial insights into the 
mechanisms through which depression influence the per-
ceived restorative effects of green spaces.

The mediation analysis revealed that the indirect effect 
of SD on PR through PG was consistently positive and sig-
nificant across all three models, indicating that perceived 
greeness serves as a key mediator in the relationship 
between depression and the healing effects experienced 
by students. In Model I, the indirect effect was signifi-
cant (B = 0.132, t = 3.395, p < 0.01), while Model II showed 
similar strength (B = 0.129, t = 3.789, p < 0.01), and Model 
III exhibited a slightly reduced effect (B = 0.075, t = 2.045, 
p < 0.05). These results suggest that perceived greenness 

plays a particularly important role in enhancing the 
restorative effects of green spaces, especially in compact 
campus environments where such spaces may be more 
valued due to their limited availability.

In contrast, the mediation effect of FR on the rela-
tionship between SD and PR was not consistently sup-
ported across the models. In Model I, the mediation 
effect was not significant (B = 0.004, t = 0.888), while 
in Model II, the mediation effect was marginally sig-
nificant (B = 0.012, t = 1.596, p < 0.10). However, in 
Model III, this mediation effect was again non-sig-
nificant (B = 0.003, t = 0.292). These findings indicate 
that while the frequency of green space use may con-
tribute to restorative experiences, its mediating role is 
context-dependent and appears to be less impactful in 
expansive campus environments where green spaces 
are more readily accessible.

The mediation analysis also explored the role of CO 
as a mediator. The indirect effect of SD on PR through 
CO was not supported in Models I and II, with B val-
ues of 0.007 and 0.015, and t-values of 0.775 and 1.196, 
respectively. However, in Model III, the mediation 
effect approached significance (B = 0.043, t = 1.330, 

Fig. 6  Analysis results of the models
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p < 0.10), suggesting that in low-density, large cam-
puses, convenience may play a more substantial role 
in mediating the relationship between depression and 
perceived restorative effects. This finding highlights 
the potential importance of convenience in enhanc-
ing the restorative experience in environments where 
green space is abundant, but further investigation is 
warranted to confirm this effect.

By focusing on the chain mediation pathways, the 
mediation analysis demonstrates that these com-
bined indirect effects vary depending on campus con-
text, highlighting the significant roles of CO and PG 
in promoting FR, which in turn contributes to per-
ceived restorative outcomes. Specifically, the pathway 
from SD through CO to FR and ultimately to PR was 
partially supported in Model II (B = 0.012, t = 1.596, 
p < 0.10), indicating that convenience followed by fre-
quency of green space use plays a role in influencing 
restorative outcomes in medium and compact cam-
puses. Additionally, the pathway from SD through PG 
to FR and then to PR also demonstrated partial media-
tion in Model II (B = 0.008, t = 1.373, p < 0.10), suggest-
ing that perceived greenness, when combined with the 
frequency of use, has an indirect effect on perceived 
restoration, particularly in medium and compact cam-
pus environments, where green spaces are limited but 
strategically integrated.

Multi‑group analysis
The multi-group analysis (MGA) (Sarstedt et  al., [49] 
conducted using parametric tests provides a detailed 

comparison of the structural relationships across dif-
ferent campus environments—specifically, the small 
but highly compact campus (Model I), the medium and 
compact campus (Model II), and the low-density, large 
campus (Model III). The analysis focuses on examining 
the differences in path coefficients (Δβ) and t-values (Δt) 
between these models, as presented in Table 8.

The MGA results indicate that the direct effect of SD 
on PR did not show statistically significant differences 
across the models (Δβ values of −0.048, −0.015, and 
−0.063, with Δt values all below the threshold for sig-
nificance). This suggests that the effect of depression on 
perceived restorative outcomes is stable regardless of the 
campus size or density, implying that green spaces con-
sistently contribute to alleviating depressive symptoms 
across different campus contexts.

However, significant differences were found in the paths 
from SD to PG and from SD to CO. The path from SD to 
PG showed significant differences between Model II and 
Model III (Δβ = 0.258, Δt = 2.763, p < 0.01) and between 
Model I and Model III (Δβ = 0.252, Δt = 2.604, p < 0.05). 
These results indicate that the influence of depression 
on perceived greenness is stronger in larger, low-density 
campuses (Model III) compared to the smaller, more 
compact campuses (Model I). This may be due to the 
expansive and varied visual environments in larger cam-
puses, where students with depression might find greater 
relief and comfort through exposure to nature. The path 
from SD to CO also showed significant differences, par-
ticularly between Model I and Model III (Δβ = −0.210, 
Δt = 2.006, p < 0.05). This suggests that convenience as 

Table 7  Mediation analysis
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a factor plays a more significant role in the relationship 
between SD and PR in larger, less dense campuses. In 
these environments, convenience might be influenced 
by the accessibility and usability of green spaces, which 
may contribute to students’ perceived restorative benefits 
differently compared to compact campuses where green 
spaces are more readily accessible but possibly limited in 
scope.

Other pathways, such as those involving FR and PR, 
did not show significant differences across the mod-
els. Specifically, the paths from SD to FR, PG to PR, and 
CO to PR showed minimal changes in path coefficients 
(Δβ) and were not statistically significant. This consist-
ency suggests that while individual factors like conveni-
ence and perceived greenness may vary in their influence 
depending on campus environment, the broader relation-
ships between green space use and perceived restoration 
remain relatively stable.

The interaction effects of FR and PG on PR, while sig-
nificant in the structural analysis, did not exhibit sub-
stantial differences across the models in the multi-group 
analysis. This indicates that the synergistic effect of fre-
quent green space use and high perceived greeness on 
restorative outcomes is consistent across different types 
of campuses, reinforcing the idea that both factors are 
crucial for maximizing the healing potential of green 
spaces.

Discussion
Key findings
This study provides a comprehensive analysis of the 
impact of campus green spaces on the mental health of 
university students, with a focus on depression. By exam-
ining three distinct campus environments, this research 
addresses a significant gap in the existing literature, 
which has largely overlooked how different campus types 
might differentially influence the restorative impact of 
green spaces on depression.

The findings related to perceived greeness align with 
established research that underscores the importance of 
aesthetically pleasing and well-maintained green spaces 
in promoting mental health [20, 23]. This study extends 
these findings by demonstrating that the impact of per-
ceived greeness is particularly pronounced in larger, 
low-density campuses. The findings demonstrate that 
the impact of perceived greenness is particularly pro-
nounced in larger, lower density campuses. This suggests 
that expansive green spaces with diverse natural features 
play a more substantial role in providing relief from 
depressive symptoms, likely due to the more varied and 
immersive natural environments that are characteristic 
of larger campuses. In smaller, high-density campuses, 
students may rely more heavily on the quality of their 
immediate surroundings to alleviate stress, emphasizing 
the importance of well-maintained and visually appealing 
green spaces. This suggests that expansive green spaces 
with diverse natural features play a more substantial role 
in providing relief from depressive symptoms, likely due 
to the more varied and immersive natural environments 
that are characteristic of larger campuses. In smaller, 
high-density campuses, students may rely more heavily 
on the quality of their immediate surroundings to alle-
viate stress, emphasizing the importance of well-main-
tained and visually appealing green spaces.

Conversely, the role of frequency of green space use 
revealed both expected and novel insights. While fre-
quent interaction with natural environments is known to 
enhance psychological benefits, [1, 41], this study found 
that the frequency of use was particularly significant in 
medium and large campuses, where the availability of 
space allows for more frequent and varied interactions 
with green spaces. However, in small, high-density cam-
puses, the frequency of use had a less pronounced impact 
on mental health, suggesting that when green spaces 
are scarce or heavily utilized, their quality may be more 
critical than the frequency of interaction. This distinction 

Table 8  Multi-group analysis
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highlights that, regardless of campus type, the quality 
of green spaces remains a crucial factor in enhancing 
restorative outcomes, and its importance becomes even 
more pronounced where space is limited.

The importance of convenience of access to green 
spaces also aligns with prior research, particularly the 
work of Gidlow et  al. [22], which emphasizes the role 
of accessibility in facilitating regular engagement with 
natural environments. However, this study introduces 
a new perspective by showing that in large, low-density 
campuses, convenience not only facilitates usage but also 
amplifies its psychological benefits by promoting sponta-
neous and prolonged engagement with nature. The ability 
to easily access these expansive environments encour-
ages frequent interactions, which, in turn, leads to more 
effective mental health benefits. This finding challenges 
the traditional view that convenience merely increases 
usage,instead, it demonstrates that in larger, expansive 
campuses, convenience enhances the overall restorative 
impact by fostering deeper and more meaningful interac-
tions with green spaces.

Previous research has suggested that demographic fac-
tors, including gender, educational level, and age, play a 
role in how green spaces affect restorative outcomes [2, 
37, 39]. Bagot et  al. [2] found that children experience 
restorative benefits differently based on natural features 
and play-related activities, highlighting age as a key fac-
tor. Liu et al. [37] and Lu and Fu [4], focusing on university 
students, emphasized the importance of naturalness and 
environmental preferences in shaping restoration, suggest-
ing that the restorative experiences of university students 
may differ significantly from those of younger populations. 
Although previous studies have not explicitly examined 
variations by educational level among university students, 
our findings suggest that gender and educational attain-
ment may shape perceived restoration, these observations 
remain preliminary. The present study highlights poten-
tial trends, indicating that demographic factors may con-
tribute to differential experiences of green spaces across 
campus environments. However, these trends should be 
interpreted cautiously, as the research does not deeply 
explore the underlying social and psychological contexts 
of educational attainment or its interaction with stress and 
cognitive engagement. A more nuanced understanding of 
these relationships requires further investigation.

The analysis controlled for potential confounding 
variables, revealing that gender influenced restorative 
outcomes differently across campus models. Specifi-
cally, male and female students experienced the restora-
tive effects of green spaces differently in smaller, higher 
compact campus and larger, lower-density campus, sug-
gesting that gender-specific preferences shape how stu-
dents interact with and benefit from these environments. 

Additionally, the analysis revealed a significant relation-
ship between educational attainment and perceived res-
toration, particularly in larger campuses. Students with 
higher educational attainment appeared to perceive 
greater restorative benefits from green spaces, potentially 
reflecting variations in academic demands and cognitive 
engagement. While these findings highlight the impor-
tance of demographic factors in shaping restorative expe-
riences, the broad categorizations used in this study may 
not fully capture the diversity of student experiences. 
Nevertheless, this nuanced understanding underscores 
the importance of considering demographic diversity 
when designing campus green spaces, as different groups 
may have varying restorative needs and preferences.

The mediation analysis provided critical insights 
into the underlying mechanisms through which green 
spaces influence mental health. While existing research 
has largely focused on direct relationships, this study 
found that perceived greeness mediates the relationship 
between depression and perceived restorative effects, 
particularly in high-density, small campuses. Moreover, 
the chain mediation pathways involving both conveni-
ence and frequency of green space use emphasized the 
layered impact of accessibility and quality in influenc-
ing restorative outcomes. These findings underscore 
the complexity of the interactions between green space 
accessibility, quality, and usage frequency in enhancing 
mental health outcomes, particularly in compact envi-
ronments where well-designed green spaces are crucial. 
These insights align with Kaplan’s theoretical concept of 
’soft fascination,’ which posits that natural environments 
help reduce mental fatigue by capturing attention in an 
effortless manner, thus contributing to psychological res-
toration [31]. On another hand, the moderation analysis 
revealed that high-quality green spaces combined with 
frequent use create a synergistic effect that enhances 
restorative outcomes, particularly in medium and large 
campuses. This finding adds a new dimension to the lit-
erature by suggesting that the combined effect of green 
space quality and usage frequency results in a greater 
overall benefit than either factor alone. In larger educa-
tional environments, where space is abundant, ensuring 
both quality and encouraging frequent interactions with 
nature can significantly maximize the mental health ben-
efits of green spaces. This synergy reinforces the idea that 
optimizing both elements is crucial to achieving the best 
possible outcomes for student well-being.

Finally, the multi-group analysis provided valuable 
insights into how these relationships differ across campus 
types. While previous research has often treated the ben-
efits of green spaces as uniform across different environ-
ments, this study shows that the impact of green spaces 
varies significantly depending on the campus context. 
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In large, low-density campuses, both perceived greeness 
and frequency of use had more pronounced effects on 
restorative outcomes, suggesting that expansive green 
spaces with diverse natural features and frequent interac-
tions contribute significantly to mental health benefits. 
Conversely, in smaller, compact campuses, the qual-
ity of green spaces played a more direct role in alleviat-
ing depressive symptoms, indicating that where space is 
limited, the visual appeal and maintenance of these green 
areas become paramount. This differentiation challenges 
the assumption that the benefits of green spaces are uni-
versally applicable, instead highlighting the need for 
tailored approaches in campus design. Strategic design 
interventions should aim to maximize both the accessi-
bility and quality of green spaces in a way that caters to 
the specific spatial and psychological needs of different 
student populations, ensuring that all students can expe-
rience the restorative potential of these environments.

Limitations
The study’s findings, while significant, are tempered by 
several limitations that warrant consideration. First, the 
cross-sectional design constrains the ability to infer cau-
sality between green space characteristics and mental 
health outcomes, leaving the temporal direction of these 
relationships ambiguous. Longitudinal studies are needed 
to clarify whether enhancements in green space quality 
or increased frequency of use lead to sustained improve-
ments in depression, or if students with better mental 
health are simply more inclined to engage with these 
environments. Second, the classifications of educational 
levels (e.g., undergraduates, postgraduates, and doctoral 
students) adopted in this study may not fully capture the 
diverse experiences within these groups. Academic stages 
and associated stress levels likely influence interactions 
with green spaces in more complex ways, which could 
affect the interpretation of restorative outcomes. Addi-
tionally, while the study focused on perceived greeness, 
frequency of use, and convenience of access, it did not 
account for other influential environmental factors such 
as biodiversity, noise levels, and air quality, which could 
also play critical roles in the restorative potential of green 
spaces. Including these variables in future research would 
provide a more comprehensive understanding of how dif-
ferent aspects of green spaces contribute to mental health. 
Lastly, the moderation and mediation analyses, though 
insightful, are constrained by the assumptions inherent in 
the statistical models employed. The complex and poten-
tially non-linear interactions between variables may not be 
fully captured by these methods, suggesting that advanced 
modeling techniques, such as structural equation mode-
ling or machine learning approaches, could be beneficial in 
future studies to more accurately explore these dynamics.

Conclusion
To our knowledge, this study provides critical contribu-
tions into the role of campus green spaces in mitigating 
depression among university students, highlighting the 
varying impacts across different campus types. The find-
ings emphasize that while perceived greeness, frequency 
of use, and convenience of access are significant determi-
nants of the restorative potential of green spaces, their 
influence is context-dependent, with different campus 
environments necessitating tailored approaches. Poli-
cymakers and university administrators might consider 
these elements when designing or enhancing campus 
landscapes, ensuring that green spaces are conveniently 
located, visually appealing, and accessible year-round. 
Such design policies could play a critical role in support-
ing the mental health and academic success of students 
by providing restorative environments that foster regular 
engagement with nature.

The study also contributes to the broader literature 
by challenging the assumption of uniform green space 
benefits, instead revealing the nuanced ways in which 
environmental and spatial factors interact to influ-
ence mental health. Despite its limitations, including 
the cross-sectional design and the exclusion of certain 
environmental variables, this research underscores the 
importance of considering both the physical character-
istics of green spaces and the unique needs of student 
populations in campus planning. Future studies should 
investigate the specific roles of demographic factors, 
such as educational levels, in shaping restorative out-
comes. Employing more granular classifications of aca-
demic stages could provide greater clarity on how stress 
and cognitive demands influence the use and perceived 
benefits of green spaces. This approach would help 
uncover the nuanced interactions between academic 
contexts and restorative experiences that were beyond 
the scope of this study. Moreover, longitudinal designs 
and advanced modeling techniques should be employed, 
and will be essential to further elucidate these rela-
tionships and guide the development of more effective 
strategies for integrating green spaces into educational 
environments to support student well-being. In addi-
tion, future studies could extend beyond the Chinese 
context to incorporate comparative analyses of other 
regions, such as East Asia and the Global South. Explor-
ing how variations in urban density, architectural styles, 
and cultural attitudes toward green spaces interact with 
mental health outcomes in diverse settings would pro-
vide a broader and more comprehensive understand-
ing of these dynamics. Such comparative investigations 
would enhance the generalizability of the findings and 
contribute to the global discourse on mental health and 
urban design.



Page 20 of 22Liu et al. BMC Public Health          (2025) 25:907 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​025-​21356-9.

Supplementary Material 1. 

Acknowledgements
Great Appreciations for funding support to Macau University of Science and 
Technology Faculty Research Grant (FRG-23-002-FA), and Central Academy 
of Fine Arts Grant (9047). These esteemed contributions have collectively 
fostered an environment of scholarly inquiry and innovation, for which we are 
deeply thankful.

Authors’ contributions
HL and YW are equal first author who have analyzed the data and performed 
all analysis, and wrote the first draft of the paper. QH, XW and CC contributed 
to writing, data analysis and data collections. CC contributed all figures draw-
ing. XW and YG reviewed the manuscript. YG contributed final revising of the 
manuscript. The final version of this manuscript has been approved by all 
authors before submission.

Funding
This research was funded by the Macau University of Science and Technology 
Faculty Research Grant, grant number FRG-23–002-FA; and Central Academy 
of Fine Arts Grant, grant number 9047.

Data availability
The datasets presented in this study can be found in online repositories: DOI: 
https://​doi.​org/​10.​17605/​OSF.​IO/​VY5QH.

Declarations

Ethics approval and consent to participate
Macau University of Science and Technology Medical Ethics Committee 
approved the study (Approval Number: MUST-20240430001).

Human Ethics and Consent to Participate
The study was conducted in accordance with the Declaration of Helsinki, 
all questions in investigation questionnaire were reviewed and approved 
by the Institutional Review Board (or Ethics Committee) of MACAU UNIVER-
SITY OF SCIENCE AND TECHNOLOGY (protocol code: MUST-20240430001 
date of approval: 05–10-2023]. Informed consent to participante were 
provided at the beginning of the questionnaire for each participant, which 
clearly state the use of information and privacy protection policies for 
agreement.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Faculty of Humanities and Arts, Macau University of Science and Technol-
ogy, Macau 999078, China. 2 Global Centre on Healthcare & Urbanisation, 
Kellogg College, University of Oxford, Oxford OX2 6PN, United Kingdom. 
3 Center for Strategic Research, China Academy of Urban Planning and Design, 
Beijing 100044, China. 4 School of Engineering Management, Shanxi Vocational 
University of Engineering Science and Technology, Taiyuan 030621, China. 
5 School of Architecture, Harbin Institute of Technology Shenzhen, Shenz-
hen 518055, China. 6 Key Research Base of Humanities and Social Sciences 
of Guangdong Province, Center for Digital Technology of Space Governance, 
Harbin Institute of Technology Shenzhen, Shenzhen 518055, China. 

Received: 17 September 2024   Accepted: 7 January 2025

References
	1.	 Astell-Burt T, Feng X. Association of Urban Green Space With Mental 

Health and General Health Among Adults in Australia. JAMA Network 
Open. 2019;2(7):e198209–e198209. https://​doi.​org/​10.​1001/​jaman​etwor​
kopen.​2019.​8209.

	2.	 Bagot KL, Allen FCL, Toukhsati S. Perceived restorativeness of children’s 
school playground environments: Nature, playground features and play 
period experiences. Journal of environmental psychology. 2015;41:1–9. 
https://​doi.​org/​10.​1016/j.​jenvp.​2014.​11.​005.

	3.	 Banay RF, James P, Hart JE, Kubzansky LD, Spiegelman D, Okereke OI, 
Spengler JD, Laden F. Greenness and Depression Incidence among Older 
Women. Environmental Health Perspectives. 2019;127(2):027001. https://​
doi.​org/​10.​1289/​EHP12​29.

	4.	 Bratman GN, Anderson CB, Berman MG, Cochran B, De Vries S, Flanders 
J, Folke C, Frumkin H, Gross JJ, Hartig T. Nature and mental health: An 
ecosystem service perspective. Science advances. 2019;5(7):eaax0903. 
https://​doi.​org/​10.​1126/​sciadv.​aax09​03.

	5.	 Brooks AM, Ottley KM, Arbuthnott KD, Sevigny P. Nature-related mood 
effects: Season and type of nature contact. Journal of Environmental 
Psychology. 2017;54:91–102. https://​doi.​org/​10.​1016/j.​jenvp.​2017.​10.​004.

	6.	 Browning MHEM, Lee K, Wolf KL. Tree cover shows an inverse relation-
ship with depressive symptoms in elderly residents living in U.S. nursing 
homes. Urban Forestry & Urban Greening. 2019;41:23–32. https://​doi.​org/​
10.​1016/j.​ufug.​2019.​03.​002.

	7.	 Campbell F, Blank L, Cantrell A, Baxter S, Blackmore C, Dixon J, Goyder E. 
Factors that influence mental health of university and college students in 
the UK: a systematic review. BMC Public Health. 2022;22(1):1778. https://​
doi.​org/​10.​1186/​s12889-​022-​13943-x.

	8.	 Cao S, Song C, Jiang S, Luo H, Zhang P, Huang Y, Yu J, Li K, Li N, Guo B, 
Li X. Effects of Urban Greenway Environmental Types and Landscape 
Characteristics on Physical and Mental Health Restoration. Forests. 
2024;15(4):679. https://​doi.​org/​10.​3390/​f1504​0679.

	9.	 Carmona M, Heath T, Tiesdell S, Oc T. Public places, urban spaces: the 
dimensions of urban design. Routledge; 2021.

	10.	 Chang P-J, Ho L-C, Suppakittpaisarn P. Investigating the interplay 
between senior-friendly park features, perceived greenness, restorative-
ness, and well-being in older adults. Urban Forestry & Urban Greening. 
2024;94:128273. https://​doi.​org/​10.​1016/j.​ufug.​2024.​128273.

	11.	 Chen D, Sun W, Liu N, Wang J, Guo P, Zhang X, Zhang W. Effects of 
nonpharmacological interventions on depressive symptoms and depres-
sion among nursing students: A systematic review and meta-analysis. 
Complementary Therapies in Clinical Practice. 2019;34:217–28. https://​
doi.​org/​10.​1016/j.​ctcp.​2018.​12.​011.

	12.	 Chen, Z., Wang, Z., Shen, Y., Zeng, S., Yang, X., Kuang, Y., Dou, Z., Wang, 
L., & Li, W. Face-specific negative bias of aesthetic perception in 
depression: Behavioral and EEG evidence [Original Research]. Frontiers 
in Psychiatry. 2023;14. https://​doi.​org/​10.​3389/​fpsyt.​2023.​11028​43

	13.	 Cheung, M.-C., Law, D., Yip, J., & Wong, C. W. Y. Emotional Responses to 
Visual Art and Commercial Stimuli: Implications for Creativity and Aes-
thetics [Original Research]. Frontiers in psychology. 2019;10. https://​
doi.​org/​10.​3389/​fpsyg.​2019.​00014

	14.	 Cuijpers P, Koole SL, van Dijke A, Roca M, Li J, Reynolds CF. Psychother-
apy for subclinical depression: meta-analysis. British Journal of Psychia-
try. 2014;205(4):268–74. https://​doi.​org/​10.​1192/​bjp.​bp.​113.​138784.

	15.	 de la Barrera F, Reyes-Paecke S, Truffello R, de la Fuente H, Salinas V, Vil-
legas R, Steiniger S. Comparing green spaces provision and accessibil-
ity indicators over a latitudinal gradient and multiple climate zones. 
Urban Forestry & Urban Greening. 2023;79:127791. https://​doi.​org/​10.​
1016/j.​ufug.​2022.​127791.

	16.	 Diener E, Oishi S, Tay L. Advances in subjective well-being research. 
Nature human behavior. 2018;2(4):253–60. https://​doi.​org/​10.​1038/​
s41562-​018-​0307-6.

	17.	 DuBose, J., MacAllister, L., Hadi, K., & Sakallaris, B. Exploring the Concept 
of Healing Spaces. HERD: Health Environments Research & Design 
Journal. 2016;11(1):43–56. https://​doi.​org/​10.​1177/​19375​86716​680567

	18.	 Dzhambov AM, Lercher P, Browning MHEM, Stoyanov D, Petrova N, 
Novakov S, Dimitrova DD. Does greenery experienced indoors and 
outdoors provide an escape and support mental health during the 
COVID-19 quarantine? Environmental Research. 2021;196:110420. 
https://​doi.​org/​10.​1016/j.​envres.​2020.​110420.

https://doi.org/10.1186/s12889-025-21356-9
https://doi.org/10.1186/s12889-025-21356-9
https://doi.org/10.17605/OSF.IO/VY5QH
https://doi.org/10.1001/jamanetworkopen.2019.8209
https://doi.org/10.1001/jamanetworkopen.2019.8209
https://doi.org/10.1016/j.jenvp.2014.11.005
https://doi.org/10.1289/EHP1229
https://doi.org/10.1289/EHP1229
https://doi.org/10.1126/sciadv.aax0903
https://doi.org/10.1016/j.jenvp.2017.10.004
https://doi.org/10.1016/j.ufug.2019.03.002
https://doi.org/10.1016/j.ufug.2019.03.002
https://doi.org/10.1186/s12889-022-13943-x
https://doi.org/10.1186/s12889-022-13943-x
https://doi.org/10.3390/f15040679
https://doi.org/10.1016/j.ufug.2024.128273
https://doi.org/10.1016/j.ctcp.2018.12.011
https://doi.org/10.1016/j.ctcp.2018.12.011
https://doi.org/10.3389/fpsyt.2023.1102843
https://doi.org/10.3389/fpsyg.2019.00014
https://doi.org/10.3389/fpsyg.2019.00014
https://doi.org/10.1192/bjp.bp.113.138784
https://doi.org/10.1016/j.ufug.2022.127791
https://doi.org/10.1016/j.ufug.2022.127791
https://doi.org/10.1038/s41562-018-0307-6
https://doi.org/10.1038/s41562-018-0307-6
https://doi.org/10.1177/1937586716680567
https://doi.org/10.1016/j.envres.2020.110420


Page 21 of 22Liu et al. BMC Public Health          (2025) 25:907 	

	19.	 Elkis-Abuhoff DL, Gaydos M, Poland E, Sena S. Exploring the effects of 
nature-based art therapy on happiness and life satisfaction. The Arts 
in Psychotherapy. 2022;81:101966. https://​doi.​org/​10.​1016/j.​aip.​2022.​
101966.

	20.	 Felsten G. Where to take a study break on the college campus: An 
attention restoration theory perspective. Journal of Environmental 
Psychology. 2009;29(1):160–7. https://​doi.​org/​10.​1016/j.​jenvp.​2008.​11.​
006.

	21.	 Foellmer J, Kistemann T, Anthonj C. Academic Greenspace and Well-Being 
— Can Campus Landscape be Therapeutic? Evidence from a German 
University. Wellbeing, Space and Society. 2021;2:100003. https://​doi.​org/​
10.​1016/j.​wss.​2020.​100003.

	22.	 Gidlow CJ, Ellis NJ, Bostock S. Development of the Neighbourhood Green 
Space Tool (NGST). Landscape and Urban Planning. 2012;106(4):347–58. 
https://​doi.​org/​10.​1016/j.​landu​rbplan.​2012.​04.​007.

	23.	 Grahn P, Stigsdotter UK. The relation between perceived sensory dimen-
sions of urban green space and stress restoration. Landscape and Urban 
Planning. 2010;94(3):264–75. https://​doi.​org/​10.​1016/j.​landu​rbplan.​2009.​
10.​012.

	24.	 Hair JF, Ringle CM, Sarstedt M. PLS-SEM: Indeed a Silver Bullet. Journal of 
Marketing Theory and Practice. 2011;19(2):139–52. https://​doi.​org/​10.​
2753/​MTP10​69-​66791​90202.

	25.	 Hankivsky O. Women’s health, men’s health, and gender and 
health: Implications of intersectionality. Social science & medicine. 
2012;74(11):1712–20. https://​doi.​org/​10.​1016/j.​socsc​imed.​2011.​11.​029.

	26.	 Hartig T, Evans GW, Jamner LD, Davis DS, Gärling T. Tracking restoration 
in natural and urban field settings. Journal of environmental psychology. 
2003;23(2):109–23. https://​doi.​org/​10.​1016/​S0272-​4944(02)​00109-3.

	27.	 Hartig T, Korpela K, Evans GW, Gärling T. A measure of restorative qual-
ity in environments. Scandinavian housing and planning research. 
1997;14(4):175–94. https://​doi.​org/​10.​1080/​02815​73970​87304​35.

	28.	 Hipp JA, Gulwadi GB, Alves S, Sequeira S. The Relationship Between 
Perceived Greenness and Perceived Restorativeness of University Cam-
puses and Student-Reported Quality of Life. Environment and Behavior. 
2016;48(10):1292–308. https://​doi.​org/​10.​1177/​00139​16515​598200.

	29.	 Huang J, Liu X. Anxiety, depression, and their comorbidity among 
Chinese college students during the COVID-19 lockdown in the 
post-epidemic era: an online cross-sectional survey. BMC Psychiatry. 
2023;23(1):923. https://​doi.​org/​10.​1186/​s12888-​023-​05442-z.

	30.	 Ibrahim AK, Kelly SJ, Adams CE, Glazebrook C. A systematic review of 
studies of depression prevalence in university students. Journal of Psychi-
atric Research. 2013;47(3):391–400. https://​doi.​org/​10.​1016/j.​jpsyc​hires.​
2012.​11.​015.

	31.	 Kaplan R, Kaplan S, Brown T. Environmental Preference: A Comparison of 
Four Domains of Predictors. Environment and Behavior. 1989;21(5):509–
30. https://​doi.​org/​10.​1177/​00139​16589​215001.

	32.	 Knobel P, Dadvand P, Maneja-Zaragoza R. A systematic review of multi-
dimensional quality assessment tools for urban green spaces. Health & 
Place. 2019;59:102198. https://​doi.​org/​10.​1016/j.​healt​hplace.​2019.​102198.

	33.	 Korpela KM, Ylén M, Tyrväinen L, Silvennoinen H. Favorite green, water-
side and urban environments, restorative experiences and perceived 
health in Finland. Health promotion international. 2010;25(2):200–9. 
https://​doi.​org/​10.​1093/​heapro/​daq007.

	34.	 Li X, Ni G, Dewancker B. Improving the attractiveness and accessibility of 
campus green space for developing a sustainable university environ-
ment. Environmental Science and Pollution Research. 2019;26(32):33399–
415. https://​doi.​org/​10.​1007/​s11356-​019-​06319-z.

	35.	 Lin W, Chen Q, Jiang M, Zhang X, Liu Z, Tao J, Wu L, Xu S, Kang Y, Zeng Q. 
The effect of green space behaviour and per capita area in small urban 
green spaces on psychophysiological responses. Landscape and Urban 
Planning. 2019;192:103637. https://​doi.​org/​10.​1016/j.​landu​rbplan.​2019.​
103637.

	36.	 Lin W, Zeng C, Bao Z, Jin H. The therapeutic look up: Stress reduction and 
attention restoration vary according to the sky-leaf-trunk (SLT) ratio in 
canopy landscapes. Landscape and Urban Planning. 2023;234:104730. 
https://​doi.​org/​10.​1016/j.​landu​rbplan.​2023.​104730.

	37.	 Liu Q, Zhang Y, Lin Y, You D, Zhang W, Huang Q, van den Bosch CCK, Lan S. 
The relationship between self-rated naturalness of university green space 
and students’ restoration and health. Urban Forestry & Urban Greening. 
2018;34:259–68. https://​doi.​org/​10.​1016/j.​ufug.​2018.​07.​008.

	38.	 Liu Y, Guo Y, Lu S, Chan OF, Chui CHK, Ho HC, Song Y, Cheng W, Chiu RLH, 
Webster C, Lum TYS. Understanding the long-term effects of public open 
space on older adults’ functional ability and mental health. Building and 
Environment. 2023;234:110126. https://​doi.​org/​10.​1016/j.​build​env.​2023.​
110126.

	39.	 Lu M, Fu J. Attention restoration space on a university campus: explor-
ing restorative campus design based on environmental preferences of 
students. Int J Environ Res Public Health. 2019;16(14):2629.

	40.	 Markevych, I., Schoierer, J., Hartig, T., Chudnovsky, A., Hystad, P., Dzham-
bov, A. M., De Vries, S., Triguero-Mas, M., Brauer, M., & Nieuwenhuijsen, M. 
J. (2017). Exploring pathways linking greenspace to health: Theoretical 
and methodological guidance. Environmental research, 158, 301–317. 
https://​doi.​org/​10.​1016/j.​envres.​2017.​06.​028

	41.	 McFarland, A. L., Waliczek, T. M., & Zajicek, J. M. The Relationship Between 
Student Use of Campus Green Spaces and Perceptions of Quality of Life. 
HortTechnology hortte. 2008; 18(2): 232–238. https://​doi.​org/​10.​21273/​
hortt​ech.​18.2.​232

	42.	 McMahan EA, Estes D. The effect of contact with natural environments 
on positive and negative affect: A meta-analysis. The Journal of Positive 
Psychology. 2015;10(6):507–19. https://​doi.​org/​10.​1080/​17439​760.​2014.​
994224.

	43.	 Meuwese D, Dijkstra K, Maas J, Koole SL. Beating the blues by viewing 
Green: Depressive symptoms predict greater restoration from stress and 
negative affect after viewing a nature video. Journal of Environmental 
Psychology. 2021;75:101594. https://​doi.​org/​10.​1016/j.​jenvp.​2021.​101594.

	44.	 Mitchell R, Popham F. Effect of exposure to natural environment on 
health inequalities: an observational population study. The Lancet. 
2008;372(9650):1655–60. https://​doi.​org/​10.​1016/​S0140-​6736(08)​
61689-X.

	45.	 NBSC. 2024. The Urban Surveyed Unemployment Rate of the Population 
Aged from 16 to 29 Excluding Students (%) https://​data.​stats.​gov.​cn/​engli​
sh/​easyq​uery.​htm?​cn=​A01

	46.	 Park H, Brown CD, Pearson AL. A systematic review of audit tools for 
evaluating the quality of green spaces in mental health research. Health 
& Place. 2024;86:103185. https://​doi.​org/​10.​1016/j.​healt​hplace.​2024.​
103185.

	47.	 Peng M, Mo B, Liu Y, Xu M, Song X, Liu L, Fang Y, Guo T, Ye J, Yu Z, Deng Q, 
Zhang X. Prevalence, risk factors and clinical correlates of depression in 
quarantined population during the COVID-19 outbreak. Journal of Affec-
tive Disorders. 2020;275:119–24. https://​doi.​org/​10.​1016/j.​jad.​2020.​06.​035.

	48.	 Roe J, Aspinall P. The restorative benefits of walking in urban and rural 
settings in adults with good and poor mental health. Health & Place. 
2011;17(1):103–13. https://​doi.​org/​10.​1016/j.​healt​hplace.​2010.​09.​003.

	49.	 Sarstedt, M., Henseler, J., & Ringle, C. M. (2011). Multigroup Analysis in Par-
tial Least Squares (PLS) Path Modeling: Alternative Methods and Empirical 
Results. In M. Sarstedt, M. Schwaiger, & C. R. Taylor (Eds.), Measurement 
and Research Methods in International Marketing (Vol. 22, pp. 195–218). 
Emerald Group Publishing Limited. https://​doi.​org/​10.​1108/​S1474-​
7979(2011)​00000​22012

	50.	 Shentova, R., de Vries, S., & Verboom, J. (2022). Well-Being in the Time of 
Corona: Associations of Nearby Greenery with Mental Well-Being during 
COVID-19 in The Netherlands. Sustainability, 14(16), 10256. https://​www.​
mdpi.​com/​2071-​1050/​14/​16/​10256

	51.	 Stepansky K, Delbert T, Bucey JC. Active student engagement within 
a university’s therapeutic sensory garden green space: Pilot study of 
utilization and student perceived quality of life. Urban Forestry & Urban 
Greening. 2022;67:127452. https://​doi.​org/​10.​1016/j.​ufug.​2021.​127452.

	52.	 Stigsdotter UK, Grahn P. Stressed individuals’ preferences for activities and 
environmental characteristics in green spaces. Urban Forestry & Urban 
Greening. 2011;10(4):295–304. https://​doi.​org/​10.​1016/j.​ufug.​2011.​07.​001.

	53.	 Ulrich RS. View Through a Window May Influence Recovery from Surgery. 
Science. 1984;224(4647):420–1. https://​doi.​org/​10.​1126/​scien​ce.​61434​02.

	54.	 Van den Berg AE, Maas J, Verheij RA, Groenewegen PP. Green space as a 
buffer between stressful life events and health. Social science & medicine. 
2010;70(8):1203–10. https://​doi.​org/​10.​1016/j.​socsc​imed.​2010.​01.​002.

	55.	 Wang R, Jiang W, Lu T. Landscape characteristics of university campus in 
relation to aesthetic quality and recreational preference. Urban Forestry 
& Urban Greening. 2021;66:127389. https://​doi.​org/​10.​1016/j.​ufug.​2021.​
127389.

	56.	 Wang R, Zhao J, Meitner MJ, Hu Y, Xu X. Characteristics of urban green 
spaces in relation to aesthetic preference and stress recovery. Urban 

https://doi.org/10.1016/j.aip.2022.101966
https://doi.org/10.1016/j.aip.2022.101966
https://doi.org/10.1016/j.jenvp.2008.11.006
https://doi.org/10.1016/j.jenvp.2008.11.006
https://doi.org/10.1016/j.wss.2020.100003
https://doi.org/10.1016/j.wss.2020.100003
https://doi.org/10.1016/j.landurbplan.2012.04.007
https://doi.org/10.1016/j.landurbplan.2009.10.012
https://doi.org/10.1016/j.landurbplan.2009.10.012
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1016/j.socscimed.2011.11.029
https://doi.org/10.1016/S0272-4944(02)00109-3
https://doi.org/10.1080/02815739708730435
https://doi.org/10.1177/0013916515598200
https://doi.org/10.1186/s12888-023-05442-z
https://doi.org/10.1016/j.jpsychires.2012.11.015
https://doi.org/10.1016/j.jpsychires.2012.11.015
https://doi.org/10.1177/0013916589215001
https://doi.org/10.1016/j.healthplace.2019.102198
https://doi.org/10.1093/heapro/daq007
https://doi.org/10.1007/s11356-019-06319-z
https://doi.org/10.1016/j.landurbplan.2019.103637
https://doi.org/10.1016/j.landurbplan.2019.103637
https://doi.org/10.1016/j.landurbplan.2023.104730
https://doi.org/10.1016/j.ufug.2018.07.008
https://doi.org/10.1016/j.buildenv.2023.110126
https://doi.org/10.1016/j.buildenv.2023.110126
https://doi.org/10.1016/j.envres.2017.06.028
https://doi.org/10.21273/horttech.18.2.232
https://doi.org/10.21273/horttech.18.2.232
https://doi.org/10.1080/17439760.2014.994224
https://doi.org/10.1080/17439760.2014.994224
https://doi.org/10.1016/j.jenvp.2021.101594
https://doi.org/10.1016/S0140-6736(08)61689-X
https://doi.org/10.1016/S0140-6736(08)61689-X
https://data.stats.gov.cn/english/easyquery.htm?cn=A01
https://data.stats.gov.cn/english/easyquery.htm?cn=A01
https://doi.org/10.1016/j.healthplace.2024.103185
https://doi.org/10.1016/j.healthplace.2024.103185
https://doi.org/10.1016/j.jad.2020.06.035
https://doi.org/10.1016/j.healthplace.2010.09.003
https://doi.org/10.1108/S1474-7979(2011)0000022012
https://doi.org/10.1108/S1474-7979(2011)0000022012
https://www.mdpi.com/2071-1050/14/16/10256
https://www.mdpi.com/2071-1050/14/16/10256
https://doi.org/10.1016/j.ufug.2021.127452
https://doi.org/10.1016/j.ufug.2011.07.001
https://doi.org/10.1126/science.6143402
https://doi.org/10.1016/j.socscimed.2010.01.002
https://doi.org/10.1016/j.ufug.2021.127389
https://doi.org/10.1016/j.ufug.2021.127389


Page 22 of 22Liu et al. BMC Public Health          (2025) 25:907 

Forestry & Urban Greening. 2019;41:6–13. https://​doi.​org/​10.​1016/j.​ufug.​
2019.​03.​005.

	57.	 Wells NM, Evans GW. Nearby nature: A buffer of life stress among rural 
children. Environ Behav. 2003;35(3):311–30.

	58.	 Weßlau C, Cloos M, Höfling V, Steil R. Visual mental imagery and symp-
toms of depression – results from a large-scale web-based study. BMC 
Psychiatry. 2015;15(1):308. https://​doi.​org/​10.​1186/​s12888-​015-​0689-1.

	59.	 Windhorst E, Williams A. “It’s like a different world”: Natural places, post-
secondary students, and mental health. Health & Place. 2015;34:241–50. 
https://​doi.​org/​10.​1016/j.​healt​hplace.​2015.​06.​002.

	60.	 Wood, C., Wicks, C., & Barton, J. Green spaces for mental disorders. Current 
Opinion in Psychiatry. 2023;36(1). https://​doi.​org/​10.​1097/​YCO.​00000​
00000​000830

	61.	 Wood, E., Harsant, A., Dallimer, M., Cronin de Chavez, A., McEachan, R. R. 
C., & Hassall, C. Not All Green Space Is Created Equal: Biodiversity Predicts 
Psychological Restorative Benefits From Urban Green Space [Original 
Research]. Frontiers in psychology. 2018;9. https://​doi.​org/​10.​3389/​fpsyg.​
2018.​02320

	62.	 Woolston C. Signs of depression and anxiety soar among US graduate 
students during pandemic. Nature. 2020;585(7823):147–8. https://​doi.​
org/​10.​1038/​d41586-​020-​02439-6.

	63.	 Wu, Y., Zhou, W., Zhang, H., Liu, Q., Yan, Z., & Lan, S. Relationships between 
Green Space Perceptions, Green Space Use, and the Multidimensional 
Health of Older People: A Case Study of Fuzhou, China. Buildings. 
2024;14(6): 1544. https://​www.​mdpi.​com/​2075-​5309/​14/6/​1544

	64.	 Yakınlar N, Akpınar A. How perceived sensory dimensions of urban green 
spaces are associated with adults’ perceived restoration, stress, and men-
tal health? Urban Forestry & Urban Greening. 2022;72:127572. https://​doi.​
org/​10.​1016/j.​ufug.​2022.​127572.

	65.	 Yin Y, Thwaites K, Simpson J. Exploring the use of restorative component 
scale to measure street restorative expectations. URBAN DESIGN Interna-
tional. 2022;27(2):145–55.

	66.	 Yue J, Zang X, Le Y, An Y. Anxiety, depression and PTSD among children 
and their parent during 2019 novel coronavirus disease (COVID-19) 
outbreak in China. Current Psychology. 2022;41(8):5723–30. https://​doi.​
org/​10.​1007/​s12144-​020-​01191-4.

	67.	 Zhang D, Jin X, Wang L, Jin Y. Form and color visual perception in green 
exercise: Positive effects on attention, mood, and self-esteem. Journal 
of Environmental Psychology. 2023;88:102028. https://​doi.​org/​10.​1016/j.​
jenvp.​2023.​102028.

	68.	 Zhang L, Lu J, Li B, Wang X, Shangguan C. Gender differences in the 
mediating effects of emotion-regulation strategies: Forgiveness and 
depression among adolescents. Personality and Individual Differences. 
2020;163:110094. https://​doi.​org/​10.​1016/j.​paid.​2020.​110094.

	69.	 Zhang, P., He, Q., Chen, Z., Li, X., & Ma, J. An Empirical Study on the Promo-
tion of Students’ Physiological and Psychological Recovery in Green 
Space on Campuses in the Post-Epidemic Era. International journal of 
Environmental research and public health. 2023; 20(1): 151. https://​www.​
mdpi.​com/​1660-​4601/​20/1/​151

	70.	 Zhang, Y., Fang, Y., Wang, M., & Li, W. (2024). How Do Plant Landscapes 
Provide Health Benefits to Residents in Urban Green Spaces? Exploring 
the Role of Restorative Experiences. Forests. 2024; 15(8): 1424. https://​
www.​mdpi.​com/​1999-​4907/​15/8/​1424

	71.	 Zung WWK. A Self-Rating Depression Scale. Archives of General Psychia-
try. 1965;12(1):63–70. https://​doi.​org/​10.​1001/​archp​syc.​1965.​01720​31006​
5008.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ufug.2019.03.005
https://doi.org/10.1016/j.ufug.2019.03.005
https://doi.org/10.1186/s12888-015-0689-1
https://doi.org/10.1016/j.healthplace.2015.06.002
https://doi.org/10.1097/YCO.0000000000000830
https://doi.org/10.1097/YCO.0000000000000830
https://doi.org/10.3389/fpsyg.2018.02320
https://doi.org/10.3389/fpsyg.2018.02320
https://doi.org/10.1038/d41586-020-02439-6
https://doi.org/10.1038/d41586-020-02439-6
https://www.mdpi.com/2075-5309/14/6/1544
https://doi.org/10.1016/j.ufug.2022.127572
https://doi.org/10.1016/j.ufug.2022.127572
https://doi.org/10.1007/s12144-020-01191-4
https://doi.org/10.1007/s12144-020-01191-4
https://doi.org/10.1016/j.jenvp.2023.102028
https://doi.org/10.1016/j.jenvp.2023.102028
https://doi.org/10.1016/j.paid.2020.110094
https://www.mdpi.com/1660-4601/20/1/151
https://www.mdpi.com/1660-4601/20/1/151
https://www.mdpi.com/1999-4907/15/8/1424
https://www.mdpi.com/1999-4907/15/8/1424
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.1001/archpsyc.1965.01720310065008

	Assessing the restorative effects of campus greeness on student depression: a comparative study across three distinct university campus type in Macau
	Abstract 
	Introduction
	Development of conceptual model
	Indicators for analysis
	The relationships between key variables
	Moderation effects
	Mediation effects
	Control variables

	Methods
	Case study investigation
	Type I: City University of Macau (CUM)
	Type II: Macau University of Science and Technology (MUST)
	Type III: University of Macau (UM)

	Demographic characteristics of the participants
	Data collection sampling
	Measures
	Data analysis

	Analysis results
	Measurement analysis
	Structural analysis
	Mediation analysis
	Multi-group analysis

	Discussion
	Key findings
	Limitations

	Conclusion
	Acknowledgements
	References


