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Highlights

Public health relevance—How does this work relate to a public health issue?

e Identifying who is represented and who is overlooked in green-space and mental-
health research is essential for addressing inequities in mental health outcomes.

e  Current evidence is shaped by feasibility-driven research practices that systematically
exclude vulnerable groups, producing a structurally biased knowledge base.

Public health significance—Why is this work of significance to public health?

e  This review quantitatively demonstrates the over-representation of convenience sam-
ples (healthy adults, university students) and the under-representation of clinical and
age-vulnerable populations.

e  Evidence is structurally concentrated in “cross-sectional x self-report x healthy adults”

designs, limiting generalizability, inclusiveness, and clinical relevance of mental-
health findings.

Public health implications—What are the key implications or messages for practitioners,
policy makers and/or researchers in public health?

e  Reliance on feasibility-driven evidence risks perpetuating or worsening mental-health
disparities through inequitable green-space policies.

e  Equity oriented research, including clinical, age vulnerable and other underserved
groups, with greater use of longitudinal and experimental designs, is needed to
support inclusive and evidence-based public health and urban planning interventions.

Abstract

Urban public green spaces are widely recognized for having positive effects on mental
health, yet existing research shows imbalances in subjects and methodologies. Most studies
examine healthy adults and self-reported indicators, giving limited attention to vulner-
able populations; this may have led to a gap in evidence regarding “who is represented
and who is overlooked.” This study systematically reviewed 235 empirical papers pub-
lished in 2004-2024 following PRISMA 2020 to examine epistemic equity. The Equity Bias
Framework was applied to operationalize epistemic equity by assessing imbalances in
study design, psychometric measures, and population sampling. Results showed that the
cross-sectional design, self-report, and community-dwelling adults combination accounted
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for the largest share (n = 99, 27.8%), whereas only 9 combinations in total (2.5%) involved
clinical populations. The experimental design x self-report X university student patterns
(n =14, 3.9%) outnumber all experimental studies involving age-disadvantaged or clinical
groups (n = 4, 1.1%). These patterns indicate that existing research evidence is shaped
more by feasibility and accessibility than by representativeness and clinical relevance,
raising concerns about epistemic equity. By introducing the Equity Bias Framework, this
study provides a lens on current evidence and direction for research and policy promoting
methodological diversity and sample inclusivity.

Keywords: urban green spaces; mental health; systematic review; epistemic equity;
vulnerable populations; cross-sectional design; self-report

1. Introduction

Rapid urbanization is intensifying mental health challenges worldwide [1,2]. Green
spaces, as a non-pharmaceutical and sustainable intervention, are widely recognized for
promoting mental well-being [3], demonstrating consistent positive effects in alleviating
depression, anxiety, and loneliness while enhancing subjective well-being and emotional
regulation [4-6]. Beyond mental health, urban green spaces also improve overall quality of
life by providing accessible settings for physical activity, informal social interaction, and
community engagement. These settings are important for building resilience and promoting
everyday well-being [7,8]. During the pandemic, when indoor activities and social venues
were restricted, nearby parks and residential green spaces became essential places for safe
outdoor activity, psychological comfort, and maintaining social connections [9,10].

However, the impact of green spaces on mental health is not uniform, exhibiting
heterogeneity across different demographic groups such as age and health status [5,11,12].
Research further indicates that mental health among vulnerable groups, such as those with
psychological disorders, is often more strongly associated with green spaces [13]. Green
spaces possess public welfare attributes. As a result, whether their mental health benefits
can equitably reach vulnerable groups, such as the elderly, children, and individuals with
mental disorders, is increasingly becoming a focal point in urban planning and public
health [14,15].

In response, equity-oriented approaches have increasingly integrated health and plan-
ning perspectives. From a planning perspective, spatial analysis has been used to evaluate
park distribution. It has also informed optimization strategies for site selection that consider
spatial and social equity. This improves accessibility for underserved populations [16]. In
parallel, a conceptual framework has been proposed that links social cohesion and green
gentrification to public health outcomes in historically excluded communities [17]. At the
same time, emerging research on “green gentrification” has shown that large-scale urban
greening investments can unintentionally raise property values and living costs; this can
displace low-income and marginalized residents, thereby limiting who is able to benefit
from new green amenities [18,19]. These debates highlight that the social distribution
of green space benefits cannot be assumed to be equitable, even when environmental
indicators improve. Evidence from mental health research influences both theoretical devel-
opment and policy formulation. Therefore, assessing whether systematic biases exist across
different study designs and sample structures is crucial for evaluating the fairness and
representativeness of evidence. Existing studies suggest that vulnerable groups are often
“invisible” in policy planning and academic research, leading to a systematic underestima-
tion of their circumstances and needs within the evidence-to-policy chain [20]. For instance,
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studies indicate that certain methodological combinations (e.g., geographic information
systems and questionnaire surveys) are widely adopted [21]. Meanwhile, most research em-
ploys cross-sectional designs, potentially introducing regional and national imbalances [22].
This also reflects possible limitations in research subjects and geographic distribution.

In this review, we use the concept of epistemic equity to explore these issues. Based
on the concepts of testimonial injustice [23] (e.g., excluding marginalized groups, such as
clinical patients, constitutes testimonial injustice and devalues their lived experiences) and
epistemic oppression [24] (e.g., a single questionnaire survey becoming the mainstream
assessment approach creates an oppressive structure that prevents knowledge about “clini-
cal physiological mechanisms” from being produced and thereby structurally limits the
epistemic domain), we define epistemic equity as the fair and inclusive representation
of diverse population experiences and assessment methods when constructing research
evidence on the impact of urban green spaces on mental health.

Furthermore, the present study distinguishes this concept from three related concepts:
health equity, distributional environmental justice, and conventional “research gaps.” While
health equity aims to achieve an equitable distribution of health outcomes [25], epistemic
equity focuses on the process of producing evidence. For example, if the research process
lacks attention to vulnerable populations or appropriate research methods, the necessary
evidence to address health inequalities cannot be established. Thus, epistemic equity
is a prerequisite for reaching health equity. Distributive environmental justice typically
focuses on the distribution of green space resources, such as spatial accessibility to green
spaces [26]. However, epistemic equity examines the validity of research evidence. It
questions whether research evidence systems primarily derived from healthy individuals
are applicable to clinical populations that may require different types of green space
interventions. Finally, conventional “research gaps” usually refer to identifying data
deficiencies within existing frameworks [27]. However, the epistemic equity perspective not
only identifies understudied groups but also focuses on “how knowledge is constructed.”

This review examines how research practices systematically shape which populations
and contexts are consistently represented in, or omitted from, the evidence base. Specifically,
it operationalizes epistemic equity through the Equity Bias Framework, which examines
knowledge production across three dimensions: study design, psychometric measures,
and population sampling. Within this framework, we distinguish descriptive imbalances
from systemic bias. Imbalance refers to non-structural variations in the frequency of
design—measurement—population combinations, which may arise from emergent topics
or small literatures. By contrast, bias is conceptualized as a stable, structured preference
driven by feasibility considerations (e.g., reliance on cross-sectional designs, self-report
instruments, and convenience samples), manifesting as recurrent patterns of specific study
design, psychometric measures, and population sampling.

In recent years, researchers have conducted numerous reviews on various topics,
including the relationship between green space characteristics and mental health [28],
mediating mechanisms (such as social cohesion, physical activity, and environmental stress
reduction) [29], systematic reviews on the psychological and behavioral effects of pollen
exposure [30], and the relationship between physical activity and mental health [31]. Other
reviews have focused on specific populations, such as older adults [32], and university
students using campus green spaces [33], whereas bibliometric analyses have revealed
emerging research trends and hotspots. However, these reviews primarily focus on the
effects and mechanisms of green spaces on psychological outcomes or single-theme analy-
ses of specific populations. They have not systematically compared the evidence across
a broad range of studies within a unified framework to address systemic imbalances be-
tween different study designs, psychometric measures, and population samples. Crucially,
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no existing review has yet addressed the following key questions: Which populations
are systematically represented in the current research landscape? Which groups remain
persistently overlooked? Are these biases fragmented or structural in nature? In other
words, there is currently no equity-oriented epistemological framework to quantitatively
map biases across study design, measurement, and sampling. Simultaneously, the frequent
use of college students as readily accessible samples in mental health research raises con-
cerns about whether this “availability-driven” sampling practice compromises the balance
of evidence.

To address this gap, this study systematically reviewed 235 empirical studies on
urban green spaces and mental health published between 2004 and 2024, following the
PRISMA 2020 statement [34]. We developed an Equity Bias Framework to identify structural
imbalances across three dimensions: study design, psychometric measures, and the sample
composition. Specifically, this study aims to address three core questions: (1) Do existing
studies exhibit systematic preferences in study design and measure selection? (2) Are
different social groups fairly represented in research samples, or is there a systematic
absence of vulnerable or marginalized populations? (3) How do these biases collectively
shape the current evidence structure on urban green spaces and mental health, and how do
they impact the representativeness, equity, and policy applicability of the evidence?

2. Literature Review
2.1. Policies Related to the Mental Health Benefits of Urban Public Green Spaces

With the growing recognition of mental health as a public health priority, increas-
ing attention has been directed toward the psychological benefits of green spaces. This
interest has been further amplified by global public health emergencies such as the
COVID-19 pandemic.

The WHO introduced the “300-m green space accessibility” guideline, which has
been widely integrated into urban public health and planning policies across Europe.
Complementarily, the “3-30-300" green space planning rule has gained empirical support,
demonstrating that enhanced access to green spaces is associated with improved men-
tal health, decreased reliance on psychotropic medications, and reduced utilization of
psychological and psychiatric services [35].

Europe: In the United Kingdom, the National Health Service (NHS) has implemented
the Green Social Prescribing initiative, offering a policy-driven framework that connects
natural environments with mental health care [36]. Empirical evidence indicates that
participation in nature-based activities, such as gardening and nature walks, substantially
enhances psychological well-being [37], alleviates symptoms of anxiety and depression [38],
and contributes to increased life satisfaction and overall happiness.

America: In the United States, a number of policies and initiatives have emphasized the
positive effects of urban green space on mental health, with the Environmental Protection
Agency (EPA) stating that green space enhances social connectivity in neighborhoods and
reduces the risk of anxiety and depression [39]. The Trust for Public Land has launched
the “10-Minute Walk’ national initiative, which aims to make high-quality green space
within 10 min walking distance of all residents [40], supported by mayors across the United
States [41].

Asia: As of 2025, Singapore has established a number of therapeutic gardens, and
the National Parks Board aims to establish 30 such gardens by 2030 [42]. Therapeutic
Gardens are a core component of the Therapeutic Horticulture Program, which provides
horticultural interventions for the aging and mental health risk groups [43]. In China,
the “Healthy China Action: Healthy Environment Promotion Action Implementation Pro-
gram (2025-2030)” mentions the “Healthy and Comfortable Home Environment Promotion
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Action”, which covers mental health, and the “Friendly Community Environment Con-
struction Action”, which promotes the construction and maintenance of community green
spaces and trails, but there is no direct reference to the role of green spaces in mental
health [44].

Africa: African Green Recovery Action Plan (2021-2027) refers to the benefits of green
and blue infrastructure in providing recreational space [45]. Although recreational space
has been shown to be indirectly related to mental health, the plan does not explicitly
mention the “mental health effects of green spaces”.

Comparing countries across regions, Europe and the United Kingdom are at the
forefront of institutionalization and quantifiable policy targets. The United States focuses
on community engagement and accessibility, while Singapore directly embraces green
spaces as one of the pathways for mental health interventions. In contrast, China and
Africa tend to reflect the mental health value of green spaces more indirectly, often within
health or climate adaptation frameworks, and policies explicitly focusing on mental health
as a core objective remain relatively limited. This variation reflects differences in policy
objectives, implementation approaches, and health prioritization across locations.

2.2. Role of Green Spaces in Mental Health

Most studies have concentrated on the impact of green spaces on pathological mental
states, including the reduction of anxiety [46], alleviation of depression [47], and mitigation
of emotional disorders such as loneliness and stress [48,49]. Additionally, some research
has investigated psychological recovery and stress alleviation in response to traumatic
experiences [50]. In recent years, there has been a growing emphasis on positive mental
health outcomes such as well-being and resilience. These include perceived enhancements
in psychological well-being [51,52], subjective experiences of restoration [53], such as
attention restoration [54], promotion of mindfulness [55], reductions in mentally unhealthy
days [56], improved emotional stability [57], and decreased psychological distress [58].

Some studies have also examined behavioral and physiological dimensions, including
improved sleep quality and behavioral functioning [59,60], and regulation of cortisol
levels and blood pressure [61]. The broad spectrum of explored mental health outcomes
underscores the increasing recognition of the psychological benefits of green spaces and
offers compelling evidence of their efficacy. In the post-pandemic context, these benefits
have become increasingly varied and salient.

2.3. Measurement Techniques of Mental Health Indicators

Regarding the assessment of mental health dimensions, self-reported questionnaires
are frequently employed. Standardized psychological instruments include the Multidi-
mensional Mood Questionnaire (MDMQ) [62], validated Positive Psychology Scales [63],
Subjective Well-Being (SWB) Scales [64], the SF-12v2 Health Survey [65], and the Brief
Symptom Inventory (German version) [66]. Additionally, some studies have utilized
self-constructed questionnaires to assess variables such as psychotropic substance use
frequency [67] and general well-being [68]. Objective physiological and biochemical indica-
tors, such as heart rate variability (HRV) [69], and electrodermal activity [70,71], are also
utilized in some studies as objective measures of mental health.

In recent years, there has been a growing adoption of big data and health databases,
incorporating sources such as medical records (e.g., the density of registered hospitalized
patients diagnosed with depression) [72], social media content analyses [73], facial expres-
sion recognition, and sentiment scoring derived from social media platforms [74]. Moreover,
interviews have been predominantly used in studies involving small sample sizes and
specific population groups [75]. A wide variety of methods exist for measuring mental
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health outcomes in public green spaces, and with the advancement in technology, big
data approaches utilizing hospital data and social media have begun to emerge. However,
there remains a dearth of review-type literature that quantitatively analyzes preferences
for measurement methods. In addition, little attention has been paid to the co-occurrence
frequency of measurement methods across different mental health categories.

2.4. Characteristics and Measurement of Urban Green Spaces Influencing Mental Health

The quantifiable spatial and physical attributes of urban green spaces have garnered
significant attention in research investigating their impact on mental health. Commonly
utilized metrics include the total area of public green space [76], vegetation cover as mea-
sured by the Normalized Difference Vegetation Index (NDVI) [77], green volume or tree
density [78], and greenway exposure, all of which are often assessed through GIS-based
buffer analyses (e.g., within a 0-5 km street network radius) [79]. Additional indicators
comprise green volumetric ratios derived from LiDAR point cloud data and visual charac-
teristics such as color richness [80]. Furthermore, the provision of ecosystem services, such
as thermal regulation, air purification, noise attenuation, and plant biodiversity, has been
positively associated with psychological well-being [81].

Subjective experiences and sensory stimuli also play a critical role in shaping mental
health outcomes. Pertinent perceptual features include perceived naturalness [82], low-
level visual elements (e.g., curved edges) [83], seasonal variability [84], and sensory-specific
experiences characterized by qualities such as “serenity”, encompassing calmness, an
absence of urban noise, and the presence of natural elements like water bodies or bird-
song [85]. Functional and usability aspects of green spaces are often evaluated through
parameters such as openness, accessibility, and availability of supporting infrastructure, as
well as engagement in recreational, social, or physical activities (including walking and
sports) [86,87].

Across both spatial and perceptual dimensions, on-site experiences and self-reported
surveys remain the predominant methodologies for assessment [88]. In addition, VR-
based simulations have gained traction in replicating real-world scenarios and capturing
subjective perceptions [89]. Remote sensing and GIS technologies are widely used to
quantify spatial and ecological features of green spaces [78]. The integration of remote
sensing with on-site evaluations enables a comprehensive measurement of ecological
attributes alongside subjective experiences [90]. With the advancement of big data analytics,
emerging techniques include the utilization of geotagged social media data and urban
street view image recognition to extract green space characteristics [91]. However, the
current application of these techniques remains relatively limited.

3. Materials and Methods
3.1. Implementation of the Equity Bias Framework

To put the concept into practice, we developed the Equity Bias Framework, which
examines the research process through three interrelated dimensions: (1) study design,
(2) psychometric measures, and (3) population sampling. These dimensions were chosen
because they are critical decision points in the research process where systemic exclusion is
most likely to occur. Regarding sample composition, overreliance on “WEIRD” populations
(Western, Educated, Industrialized, Rich, Democratic) has been shown to undermine
external validity and obscure the experiences of marginalized groups [92]. Grounded in
the concept of epistemic oppression [24], we also critically examined study design and
measurement instruments. The scarcity of shared cognitive resources often leads to the
neglect of marginalized groups’ lived realities. For example, when standardized self-report
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questionnaires that demand high literacy or cognitive function dominate, they structurally
exclude specific populations from contributing to evidence systems.

This framework rests on two core assumptions. First, we hypothesize that the
feasibility-driven principle (“the path of least resistance”) operates multidimensionally,
prompting researchers to prioritize easily accessible populations, low-burden measurement
tools, and straightforward study designs. Second, we contend that bias is cumulative and
structural. While reliance on a single methodological approach may not be significant
in isolation, the co-occurrence of biases across three dimensions (population sampling,
study design, and measurement methods) collectively constitutes structural exclusion.
This framework is designed to evaluate the representativeness and inclusiveness of the
overall research evidence base. The scope of this framework is defined at the aggregate
level and designed to assess the epistemic inclusion of the collective evidence base rather
than the internal validity of individual studies. Unlike risk-of-bias tools (e.g., Cochrane
RoB), which evaluate the internal validity of specific findings, this framework evaluates
the representativeness of the overall evidence structure.

3.2. Eligibility Criteria and Data Extraction

This review follows a previously proposed methodological framework [93], grounded
in the international standards for systematic reviews outlined by the PRISMA 2020 guide-
lines [34]. This systematic review was conducted in accordance with the PRISMA 2020
guidelines and was not prospectively registered. This approach has been employed in
several related studies. The systematic review process comprises six stages: (1) Scoping,
(2) Planning, (3) Identification and Search, (4) Screening, (5) Eligibility Assessment, and
(6) Presentation and Interpretation of Results. Stages 2 and 4 were conducted by a single
researcher, while Stage 5 involved two independent reviewers. In Stage 5, Reviewer 1
evaluated each article, and Reviewer 2 cross-checked the assessments for consistency. Dis-
crepancies were discussed and resolved collaboratively by both reviewers in consultation
with the study authors, with final decisions made by consensus. No automation tools
were used during the screening or eligibility assessment process, and no formal risk of
bias assessment tool was applied. However, methodological rigor was ensured through
independent verification and cross-checking between reviewers.

In the scoping phase, the search strategy was structured around three dimensions:

7 7

Spatial context (e.g., “urban,” “city”), Green space types (e.g., “park,” “green space,’

i PN}

“green infrastructure,” “green corridor*,” “urban forest”), and Mental health (e.g., “mental

s 1o

health,” “depress*,” “anxi*,” “stress,

” o i

psychological,” “subjective wellbeing,” “emotional
restoration”). During the planning phase, these keywords were combined using Boolean
operators to generate the following search query:

TS = ((“urban” OR “city”) AND (“park*” OR “green space” OR “green infrastructure”
OR “green corridor*” OR “urban forest”) AND (“mental health” OR “depres*” OR “anxi*”
OR “stress” OR “psychological” OR “subjective wellbeing” OR “emotional restoration” OR
“restorative quality” OR “attention” OR “perceived safety” OR “affect*” OR “emotion*”
OR “mental” OR “percept*” OR “restorative*”)). The full Web of Science search strategy is
reported at PRISMA-S level of detail in Supplementary Text S1, including the exact search
string as executed, search fields, search date, language, and document-type limits.

During the identification and search phase, the Web of Science database was selected,
covering literature published between January 2004 and December 2024. The database
was searched on 25 April 2025 to ensure coverage up to December 2024. An initial pool of
12,524 records was retrieved. In the screening phase, 1860 records that were non-English
publications or non-article document types were excluded. An initial filter based on Web of
Science subject categories was applied to exclude records from domains that were conceptu-
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ally unrelated to the study objectives, such as physics, geology, and entomology. To prevent
the inadvertent exclusion of relevant interdisciplinary research, we manually verified high-
risk categories (e.g., transportation and human geography) and randomly spot-checked
other excluded fields. This process confirmed the irrelevance of these records. In total,
7837 unique records were excluded through category-based filtering (see Supplementary
Table S1 for full list of excluded Web of Science topic filters and record counts). Addition-
ally, a total of 16 records could not be retrieved due to inaccessible full texts and were
therefore excluded from the eligibility assessment stage. In the eligibility assessment phase,
2575 records were manually excluded if they met either of the following criteria:

(i) documents on green spaces that are not comparable or not typically accessible as
everyday public environments (e.g., national nature reserves, ecological conservation
zones for ecosystem services rather than public use, areas without public functions,
or private/gated green spaces such as golf courses or gated residential gardens).

(ii) documents that did not address the psychological or mental health effects of green
spaces, or that mentioned such effects only as background context without providing
direct empirical verification. For instance, several studies discussing the aesthetic or
recreational value of green spaces without providing empirical evidence of psycho-
logical or mental health outcomes were excluded at the eligibility assessment stage.

After this process, 235 studies were included. The workflow is illustrated in Figure 1.
In addition to PRISMA 2020, we implemented a multi-stage screening procedure to enhance
reliability. Two reviewers first piloted the inclusion and exclusion criteria on a random
sample of 80 records and refined the decision rules following discussion. The remaining
records were then screened by one reviewer using the final criteria, with brief justifications
recorded for each decision (e.g., “Excluded: no mental health outcome”). To mitigate single
screener bias, two additional reviewers subsequently audited the screening decisions and
resolved any discrepancies through consensus meetings. Full details of the calibration and
verification procedures are reported in Supplementary Text S1.

Following full-text review of the 235 included studies, core information was extracted
into a standardized Excel spreadsheet, including: year of publication; study location; green
space characteristics; mental health dimensions; psychometric measures; study design; and
population samples. Initial coding was performed by one researcher and independently
verified by another, with discrepancies resolved through consensus. The complete coding
scheme, including variable definitions, decision rules, and handling of “Not Reported”
(NR) values, is detailed in Supplementary Text S2 (Codebook). To ensure transparency
and facilitate future reuse, the extracted dataset was coded according to these definitions.
Granularity is provided in Supplementary Table S2. Both Supplementary Text S2 and
Supplementary Table S2 are provided as Supplementary Materials alongside the article
and can be accessed via the journal’s website.

For data analysis, descriptive statistics (frequencies and percentages) were calculated
to summarize these variables, and temporal trends were visualized. Additionally, cross-
distributions were examined (e.g., green space characteristics X mental health dimensions;
study design x population samples). To visualize methodological pathways linking study
designs and measurement approaches, a Sankey diagram was generated using the web-
based tool SankeyMATIC (https://sankeymatic.com/, accessed on 11 August 2025). The
nodes on the left represent study design categories, and the nodes on the right represent
types of mental health measurements. For each included study, we identified the study
design and all the types of mental health measurements used. A separate flow was created
for each observed design-measurement combination. The width of each flow is proportional
to the number of studies employing that specific combination. Since individual studies often
employ multiple measurement tools or assess various mental health outcomes, percentages
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were calculated based on the total frequency of measurement dimension pairings (rather
than the number of studies). This approach quantifies methodological preferences across

all reported combinations.

Identification

Screening

Identification of studies via databases and registers

Records identified from:
Databases (n = 12,524)
Registers (n = 0)

Records removed before
screening:
-Duplicate records removed
(n=1)
-Records marked as ineligible
by automation tools (n = 0)
-Records removed for other
reasons (n = 0)

A 4

Records screened
(n =12,523)

A4

Reports sought for retrieval
(n = 2826)

Records excluded:
-Non-English (n= 350)
-Non-article (= 1510)
-Studies from unrelated
research areas (e.g., geology,
physics, fisheries) (n = 7837)
-Records excluded by
automation tools (n = 0)

\4

-Reports not retrieved
(n=16)

Reports assessed for eligibility
(n =2810)

Studies included in review
(n=235)

Reports excluded:
-Reason 1: Studies focusing
on non-public or inaccessible
green spaces, such as
national nature reserves or
private/closed areas (n =
1319)
-Reason 2: Studies that did
not empirically assess the
psychological or mental
health effects of green
spaces (n = 1256)

Figure 1. PRISMA flow diagram of the study selection process (modified from [34]).

3.3. Counting Rules and Units of Analysis

Given the methodological heterogeneity of the included literature, individual studies

often employed multiple designs, measurement tools, or simultaneously assessed several

mental health dimensions. Relying solely on the number of studies (n = 235) can obscure

important data granularity. To ensure accuracy and analytical depth, we applied different

units of analysis for specific summaries, defined as follows:

@)

@)

®)

Single Article (n = 235): This unit is applied to general literature characteristics (e.g.,

publication year, country of origin).

Pairing of green space characteristics and psychological outcome dimensions
(n = 1193): In the crosstab heatmap, it counts each specific instance of a particu-
lar green space characteristic (e.g., NDVI) compared to a particular mental health

outcome dimension in the study.

Path of study designs and psychometric measures (1 = 363): In the Sankey diagram,
the unit of analysis represents the flow from study design to psychometric measures.
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This number exceeds the total number of studies because mixed-method studies
contributed multiple different methodological records.

(4) Mental health outcome categories and psychometric measures pairings (n = 783):
The analysis unit is a specific pairing between the measurement tool and the mental
health dimension (e.g., a study that used both self-report scales and Physiological and
biochemical indicators contributed two different pairings).

(5) Analysis triads (n = 356): For the comprehensive analysis of study patterns, the analy-
sis unit is the “study design x psychometric measures x population sampling” triad.

3.4. Categorization of Mental Health Dimensions

In order to systematically conceptualize the pathways through which urban green
spaces influence mental health, this study, based on an extensive review of relevant lit-
erature, synthesized the Diagnostic Framework for Clinical Psychiatry [94], the WHO'’s
Mental Health Action Plan [95], and recent practices of categorizing psychological research
in urban environments [96]. The mental health effects were subsequently classified into
five dimensions. (1) Emotional Disorders, covering common negative emotional symptoms
such as depression, anxiety. These represent core indicators in urban mental health re-
search and are commonly measured by standardized scales such as the PHQ-9 and GAD-7.
(2) Stress and Trauma, including psychological stress and post-traumatic reactions to life
stress or unexpected events (e.g., disasters, epidemics), with assessment tools such as PSS
(Perceived Stress Scale) and PTSD Checklist. (3) Well-being and Resilience, referring to
the subjective sense of well-being, positive emotions, and psychological resilience in the
face of adversity; commonly used scales in this dimension include WHO-5 and WEMWBS.
(4) Sleep and Behavioral Functioning, involving sleep quality, biorhythm, self-control and
daily behavioral efficiency. (5) Neuropsychological and Physiological, including cognitive
function, concentration, and physiological indicators related to psychological states (e.g.,
heart rate variability, cortisol concentration), reflecting the mechanism of psychological-
physiological interaction. This five-dimensional classification provides the basis for the
subsequent extraction of literature information.

For each mental health outcome domain, all reported measures were extracted. When
multiple instruments or time points were reported within a single study, we prioritized
the primary outcome specified by the authors for synthesis. If no primary outcome was
specified, all relevant measures were recorded; however, each study was still counted only
once per outcome domain in the summary analyses.

3.5. Categorization of Urban Green Space Characteristics

To systematically identify the mechanisms through which urban green spaces influ-
ence mental health, this study draws upon a comprehensive review of existing literature.
It references the three-dimensional model of green infrastructure, comprising physical
structure, ecological services, and opportunities for social interaction [97]. The study also
incorporates structural and ecological dimensions from health research, as well as spatial
mapping frameworks for characterizing urban green spaces [98]. Key green space at-
tributes examined in mental health research include structural indicators (e.g., NDVI) [99],
perceived aesthetics, and dimensions of social accessibility and usability [100].

Based on this synthesis, a framework was developed to categorize green space charac-
teristics into four dimensions used in this study:

(1) Physical Structure: Physically measurable features of green spaces such as total area,
NDVI (Normalized Difference Vegetation Index), and canopy cover.

(2) Ecological Functions: Regulatory ecosystem services provided by green spaces including
temperature regulation, air purification, noise attenuation, and biodiversity support.
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(3) Perceived Naturalness and Aesthetics: Subjective perception of naturalness, visual
appeal, spatial enclosure, and other experiential qualities.

(4) Social and Recreational Usability: Aspects such as accessibility, openness, availability
of supportive infrastructure, and the facilitation of social and recreational activities.

3.6. Categorization of Study Populations

In existing reviews on green spaces and mental health, researchers have focused on
specific populations. For instance, some reviews emphasize adolescents and children,
treating developmental stages as unique vulnerability factors [101,102]. Several additional
studies have focused on older adults, revealing age-related limitations in access to green
spaces and mental health burdens [103]. Additional studies have focused on clinically or
psychosocially burdened groups and other vulnerable populations, explicitly examining
whether community green spaces can alleviate psychological distress among high-risk indi-
viduals rather than the general adult population [104]. College students, as a conveniently
sampled institutional group, have also drawn attention [33]. Such research focuses indicate
that population types are implicitly categorized based on vulnerability and sampling con-
venience. Participants described as “urban residents” or “urban adults” without further
demographic specification are classified in this review as community-dwelling adults. This
categorization aligns with a prior study on green spaces, which treats such samples as
adult populations [105]. In summary, the present review integrates the sampling into four
population categories:

(1) institutional convenience populations
(2) community-dwelling adult populations
(3) age-specific vulnerable populations

(4) clinical or high-risk populations

3.7. Quality Appraisal and Data Synthesis Strategy

A structured data extraction process was employed to ensure consistency. However,
due to the considerable heterogeneity in study designs (ranging from cross-sectional to
experimental), diverse conceptualizations of green space exposure, and the wide array of
psychometric instruments used across the 235 included studies, statistical or meta-analytic
techniques were not applied. Instead, we adopted a descriptive and narrative synthesis
approach to summarize the findings qualitatively, focusing on the distribution of evidence
rather than aggregating effect sizes.

Regarding quality assessment, a formal risk-of-bias assessment was not performed.
This decision was based on two considerations. First, substantial heterogeneity in study
designs made the use of a single, standardized quality metric (e.g., MMAT or RoB 2) less
applicable. Second, the primary aim of this systematic review was to examine “epistemic
equity”, specifically to characterize the volume and structural distribution of research efforts
(i.e.,, who is represented versus who is overlooked), rather than to synthesize clinical efficacy.
Reporting completeness (e.g., clarity of population demographics and measurement tools,
and whether psychometric reliability indices were reported) was therefore prioritized over
an assessment of internal validity. This limitation is acknowledged, and the findings should
be interpreted as reflecting the current research landscape and structural methodological
patterns rather than confirming causal robustness.

4. Results
4.1. Structural Evolution of Research Focus: Who and What Are Studied

Research activity surged significantly following the COVID-19 pandemic (Figure S1).
Table S3 reveals a severe geographic imbalance. Studies are concentrated in Asia (55.74%)
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and Europe (24.26%), while Africa (1.28%) and South America (1.70%) remain underrep-
resented in the English-language Web of Science dataset. The overall trend indicates a
substantial increase in scholarly and public interest in the psychological functions of urban
green spaces during the COVID-19 pandemic, which significantly accelerated research
activity in this domain. According to Figure 2, there is a marked disparity in the degree of
scholarly attention devoted to different dimensions of green space features in studies ad-
dressing urban public green spaces and mental health. Among the four dimensions related
to public green spaces, “Perceived Naturalness and Aesthetics” accounts for the highest
proportion of studies, with a cumulative total of 198 articles, representing 84.26% of all
reviewed publications, which substantially exceeds the representation of other dimensions.
“Physical Structure” ranks second, with 165 studies, constituting 70.21% of the total. This
is followed by “Social and Recreational Usability,” with 149 studies (63.40%). In contrast,
“Ecological Functions” is the least represented, comprising only 58 studies (24.68%).

“Perceived Naturalness and Aesthetics” has shown a sustained increase, reaching
11 studies in 2018 and 12 in 2020, and peaking at 44 in 2024, which represents the highest
annual count recorded for this dimension. “Physical Structure” has exhibited a clear
upward trajectory, with steady growth until 2020, followed by a sharp increase beginning
in 2021 and peaking at 40 studies in 2023 and 33 in 2024. “Social and Recreational Usability”
displays a consistent upward trend, rising from 6 studies in 2020 to 29 in 2021, and reaching
33 in 2024. In contrast, “Ecological Functions” has generally received limited attention.
Although it has experienced gradual growth, increasing from 2 studies in 2012 to a peak of
16 in 2024, it remains comparatively less represented than the other dimensions.

Overall, “Physical Structure” gained traction earlier, while “Perceived Naturalness
and Aesthetics” and “Social and Recreational Usability” saw significant growth after 2020.
“Ecological Functions,” though increasingly recognized, remains underrepresented in terms
of research volume.
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Figure 2. Annual number of studies on the four characters of public green space attributes in urban
green space and mental health research (2004-2024): “Physical Structure”, “Ecological Functions”,
“Perceived Naturalness and Aesthetics”, and “Social and Recreational Usability”.

In terms of outcomes, studies on subjective well-being and resilience dominate the
field, whereas objective neuropsychological and physiological indicators have received com-
paratively limited attention (Figure 52). According to Figure 3, “Perceived Naturalness and
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Aesthetics x Well-being and Resilience” (n = 167) and “Physical Structure x Well-being and
Resilience” (n = 131) predominate in the literature, indicating a strong focus on subjective
perceptions of green spaces and general well-being outcomes. In contrast, “Ecological Func-
tions x Sleep and Behavioral Functioning” (n = 4) and “Ecological Functions x Neuropsy-
chological and Physiological” (n = 9) are rarely examined, suggesting a disproportionate
focus on affective and cognitive outcomes over physiological or behavioral domains.

Overall, these findings indicate that current research evidence systematically fo-
cuses on perceptual experiences and positive psychological states, while significant re-
search gaps remain in interdisciplinary areas involving ecological or physiological mech-
anisms. This pattern reveals an epistemic inequity in how mental health evidence is
constructed—subjective, self-report dimensions are legitimized, whereas ecological and
physiological pathways remain marginal.
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Figure 3. This is a cross-tabulation heatmap showing the relationship between green space charac-
teristics and psychological outcome dimensions. The heatmap illustrates the frequency of reported
associations. A total of 1193 associations between characteristics and outcomes were identified
across the dataset. Abbreviations: Naturalness/Aesthetics, Perceived Naturalness and Aesthet-
ics; Social /Recreational, Social and Recreational Usability; Emotional, Emotional Disorders; Stress,
Stress and Trauma; Well-Being, Well-Being and Resilience; Sleep/Behavior, Sleep and Behavioral
Functioning; Neuro/Psychophysiological, Neuropsychological and Physiological.

4.2. Study Design x Psychometric Measures Pattern: Self-Report Dominates, with Scarce
Objective and Behavioral Indicators

The Sankey diagram mapping study design to psychometric measures across 235 stud-
ies, totaling 363 records, reveals pronounced methodological co-occurrence patterns
(Figure 4). Cross-sectional designs appear most frequently (198 instances, 54.5%) and
form the primary pathway leading to self-reported measurements. Experimental stud-
ies, as the second-most common design category (108 instances, 29.8%), exhibit a more
dispersed measurement pathway, flowing toward self-reports, clinician ratings, and phys-
iological or biochemical indicators. However, self-reports still constitute the broadest
connection channel.

Self-report instruments accounted for the highest proportion among all psychome-
tric measures (212 instances, 58.4%), serving as the primary output for cross-sectional
studies, qualitative descriptive research, and some experimental studies. Clinician ratings
(90 instances, 24.8%) and physiological or biochemical indicators (44 instances, 12.1%) pri-
marily originated from experimental designs and longitudinal studies, indicating their
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limited overall prevalence but relatively concentrated sources within the evidence base.
Behavioral and observational measurements accounted for the lowest proportion of all
links (17 instances, 4.7%), primarily originating from cross-sectional studies, with signifi-
cantly lower connectivity than other pathways. Overall, the flow relationships between
study design and measurement methods clearly reveal the strongest coupling feature:
“cross-sectional study — self-report measurement.” While objective measurement methods
receive inputs from multiple design types, their overall proportion remains significantly
lower than subjective self-report indicators.

Cross-sectional

198 Self-report
212
Case Study
9
Qualitative
14 Clinician-rated
90
Experimental )
108 I?e7hav1ora|
Longitudinal I ZPZSIOIoglcaI
22

Quasi-experimental

Figure 4. Sankey visualization of methodological pathways linking study designs and psychometric
measures. Abbreviations: Cross-sectional, Cross-sectional study; Longitudinal, Longitudinal study;
Experimental, Experimental research; Quasi-experimental, Quasi-experimental study; Case study,
Case study design; Qualitative descriptive, Qualitative descriptive design; Self-report, Self-report
psychometric measures; Clinician-rated, Clinician-rated psychometric measures; Physiological, Phys-
iological and biochemical indicators; Behavioral, Behavioral and observational measures. Colors are
used solely for visual distinction and do not encode additional analytical meaning.

4.3. Feasibility Bias and the Construction of Mental Health Evidence

Figure 5 displays the distribution of measures and mental health pairings. Among
the 235 included studies, a total of 783 pairing combinations were identified. “Self-report
measures” dominated the evidence base, accounting for 431 instances (55.0%), followed
by “Clinician-rated psychometric measures” (n = 196, 25.0%). The use of “Physiological
and biochemical indicators” (n = 114, 14.6%) and “Behavioral and observational measures”
(n =42, 5.4%) was less common.

In these pairings, the combination of “self-report measures” with emotion-related
indicators was notably concentrated. Specifically, “self-report measures” of “Well-Being
and Resilience” (n = 176, 22.5%), “Stress and Trauma” (n = 104, 13.3%), and “Emotional
Disorders” (n = 114, 14.6%), which together constituted the largest share of self-report-
based evidence in the dataset. In contrast, objective observational methods were rarely
employed to assess these or any other mental health dimensions. For instance, within any
single mental health domain, “Physiological and biochemical indicators” appeared no more
than 32 instances, with only one instance paired with “Sleep and Behavioral Functioning”.
Furthermore, “Behavioral and observational measures” constituted only a small fraction
of the total evidence base. Notably, the specific combination of this measure with the
“Sleep and Behavioral Functioning” domain occurred in just three instances, representing a
mere 0.38% of the total pairings. Similarly, “Clinician-rated psychometric measures” were
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occasionally used to assess affective structures like “Well-Being and Resilience” (1 = 69,
8.8%) and “Emotional Disorders” (n = 62, 7.9%). No pronounced high-frequency patterns
of clinician-administered or objective measures were observed across cognitive, behavioral,
or neurophysiological domains, indicating that these areas warrant further investigation.
Opverall, these data reveal consistent methodological convergence in self-reported emotional
structures, reflecting the current evidence base on green spaces and mental health where
easily implemented subjective assessments dominate, while objective, behavioral, and
clinician-rated measures remain relatively neglected.
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Figure 5. Distribution of mental health outcome categories across measurement. Abbreviations:
Emotional, Emotional disorders; Stress, Stress and trauma; Well-Being, Well-Being and resilience;
Sleep/Behavior, Sleep and behavioral functioning; Neuro/Psychophysiological, Neuropsychological
and physiological; Self-report, Self-report psychometric measures; Clinician-rated, Clinician-rated
psychometric measures; Physiological, Physiological and biochemical indicators; Behavioral, Behav-
ioral and observational measures.

4.4. Systemic Pattern of Epistemic Inequity

A quantitative synthesis of 235 studies revealed co-occurrence patterns across study
designs, psychometric measures, and population distributions (Table 1). This analysis
explored how preferences for study design and measures influence evidence in research,
and which populations remain underrepresented. Among the 96 possible triad types (study
design x population sampling X psychometric measures), a small subset of recurring
triads accounted for the majority of observed instances, indicating a highly concentrated
methodological preference within the literature. In total, 356 triad instances were identified
across the 235 included studies.

The most significant triad combination was Cross-sectional study x Self-report mea-
sures X Community-dwelling adult populations, comprising 99 triads (27.8%) and repre-
senting the most prevalent combination in the dataset. The next most common triads were:
Experimental research x Self-report measures x Community-dwelling adult populations
(27 triads; 7.6%) and Cross-sectional study x Self-report measures x Age-specific vulner-
able populations (22 triads; 6.2%). Together, these top three combinations accounted for
approximately 41.6% of all identified triads.

The combination of Physiological and biochemical indicators or Clinician-rated
psychometric measures was notably underrepresented. For example: Experimental re-
search x Physiological and biochemical indicators x Community-dwelling adult pop-
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ulations appeared in 18 triads (5.1%), whereas Experimental research x Clinician-rated
psychometric measures X Community-dwelling adult populations appeared in 16 triads
(4.5%). Furthermore, regardless of study design or psychometric measures, the total num-
ber of triads involving clinical populations was only 1 = 9 (2.5%), indicating that research
on clinical groups remains extremely limited across all methodological configurations.
Behavioral and observational measures appeared in 17 triads (4.8%), with 11 triads (3.1%)
combining adult populations and cross-sectional designs, and only 2 triads (0.6%) involv-
ing age-specific vulnerable populations or clinical or high-risk populations. Experimental
research x self-report measures X institutional convenience populations constituted a
small yet distinct high-frequency pattern, comprising 14 ternary combinations (3.9%). This
figure exceeds the total number of combinations including experimental research paired
with any specific population (age-specific vulnerable populations and clinical or high-risk
populations) (1 =4, 1.1%). This reflects a research methodology tendency toward selecting
easily accessible yet non-representative samples.

Overall, the frequency matrix reveals a systematic triadic bias: Cross-sectional
study x Self-report measures x Community-dwelling adult populations (27.8%) dom-
inate the empirical research landscape, whereas studies employing Experimental research
or Longitudinal study x Clinician-rated psychometric measures/Physiological and bio-
chemical indicators/Behavioral and observational measures x Age-specific vulnerable
populations or clinical or high-risk populations are virtually absent (<1.5%). This pattern
highlights a structural methodological imbalance, suggesting that feasibility and accessibil-
ity of research take precedence over representativeness and clinical relevance in the current
landscape of green spaces and mental health evidence.”

Table 1. Mapping between study design, population sampling, and psychometric measures in urban
green space and mental health research (356 combinations from 235 studies).

Study Design

Clinician-Rated Physiological and Behavioral and
Self-Report . . . .
Psychometric Biochemical Observational
Measures .
Measures Indicators Measures

Cross-sectional study _ 3 9p® 122 o 3 1 1 0 271 1 O

Longitudinal study
Experimental
research
Quasi-experimental
study
Case Study
Qualitative
descriptive design
Frequency range
1-5
6-10
11-15

CA AV CH IC CA AV CH IC CA AV CH IC CA AV CH IC

5

o

0 1 5 2 0 0 2 0 0 0 2 0 0 0

1 1 14. 0 11. 1 1 10 1 0 0 0

0 2 0 2 0 0 0 3
1 0 1 1 0 0 0 1 0 0 0 0 0 0 0
1 1 1 1 0 0 1 0

o

Note: The table presents all unique combinations of study design, psychometric measures, and population
sampling categories. If a single study included multiple participant groups or psychometric measures, each
relevant combination was counted in all corresponding cells. Abbreviations: CA, Community-dwelling adult
populations; AV, Age-specific vulnerable populations; CH, Clinical or high-risk populations; IC, Institutional or
convenience populations. Color intensity indicates the frequency of observed combinations, with darker blue
representing higher frequencies.
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5. Discussion
5.1. Impact of the Global Public Health Crisis on Research Motivation

Since the onset of the COVID-19 pandemic, there has been a notable increase in the
number of studies on green spaces and mental health. At the same time, there has been a
discernible shift in the focus of this research toward specific green space features associated
with mental health. In particular, there has been a substantial rise in investigations em-
phasizing the mental health benefits of urban public green spaces within the categories of
“Perceived Naturalness and Aesthetics” and “Social and Recreational Usability” since 2020.

For example, one study reported that during the pandemic, public engagement in
social activities within urban parks appeared to be closely linked to subjective judgments
of “psychological comfort” [106]. Wang identified green and blue spaces as forms of
“psychological self-repair” during the epidemic, noting that this reparative function was
associated with individuals’ subjective perceptions of spatial characteristics [107].

Several studies have shown that the richness of natural elements (e.g., species diversity)
is significantly associated with subjective psychological benefits [108,109] and that higher
quality landscapes are linked to reported stress-reducing and restorative effects [54,110].
Together, these findings suggest a positive relationship between individuals’ subjective
perceptions of green spaces and their psychological recovery, particularly in terms of stress
and anxiety reduction.

In addition, one study compared subjective accessibility with objective accessibility
and found that subjective accessibility demonstrated a stronger association with residents’
mental health [111]. A number of studies have also shown that accessibility, openness, and
safety of green space amenities are associated with reduced stress, increased social interac-
tion, and lower prevalence of mental illness [112-114]. This shift may be contextualized
within the profound transformation in social lifestyles during the COVID-19 pandemic.
Lockdown measures, restrictions on indoor socialization, transitions to remote work, and
heightened mental health stress collectively reshaped daily life during the pandemic. These
changes contributed to a growing need and increased opportunities for green space utiliza-
tion. For example, a previous study suggests that working from home during the pandemic
enhanced individuals” access to nearby green spaces and elevated public appreciation
for their value [115,116]. This transformation has not only altered the thematic focus of
research but has also indirectly reinforced the dominance of perception and self-report
methods in evidence production.

Urban residents’ perceptions of green space functions transitioned from a focus on
“accessibility” to “perceived experience”, emphasizing subjective feelings of comfort, safety,
and aesthetic quality. These perceptual factors were increasingly identified as key correlates
of both usage behavior and psychological outcomes. This shift aligns with the theory of
Situated Green Value [117], which posits that the value of green space is no longer rooted
solely in its physical attributes, but rather in a subjective construct shaped by emotional
states, lived experiences, and social contexts.

Additionally, the prominence of the “Social and Recreational Usability” dimension
can be interpreted as a response to the “weak-tie restoration mechanism.” Even under
conditions of social distancing, individuals continued to derive social validation and
emotional resonance through the dynamics of “being seen” and “seeing others” in public
green spaces [118]. This phenomenon is reflected in a study on shifting urban housing
preferences [119], showing that individuals increasingly favor residences near green spaces
or with private gardens for psychological security and social interaction.

Therefore, it can be argued that the COVID-19 pandemic not only reignited public
awareness of the mental health value of the natural environment but also prompted a
paradigm shift in academic research—from traditional, objective measures of green space,
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such as cumulative area, NDVI, and canopy cover, toward a more subjective focus on
perceptual experiences and social functionality. This evolving research trajectory suggests
that future urban green space planning might benefit from incorporating user-centered
perspectives, emphasizing individuals’ subjective experiences, emotional needs, lifestyles,
and latent demands. Such an approach may be valuable for enhancing the psychological
resilience and equity of green space utilization. Consequently, this pandemic has spurred
both a surge in research output and the convergence of research methodologies grounded
in subjective perception. This pattern reflects how situational pressures may influence
cognitive preferences within scientific inquiry.

5.2. From Pathology to Positive Mental Health: Evolution of Theoretical Orientation

7

The results indicate that research on “Emotional Disorders” and “Stress and Trauma’
remains substantial. However, in recent years, “Well-Being and Resilience” has emerged as
the most prominent theme in urban green space and mental health research, accounting
for nearly 80% of all studies and reaching a historical peak in 2024. This trend reflects
a paradigmatic shift in focus, from the traditional pathology-centered approach to an
emphasis on the maintenance and promotion of positive psychological states. This shift
also marks a profound transformation in research thinking, moving from diagnosing
psychological issues to promoting psychological resources. Ultimately, this may reshape
how mental health is defined and measured.

This shift is consistent with several recent studies. For instance, it has been emphasized
that the psychological value of green spaces extends beyond alleviating symptoms such as
anxiety and depression, encompassing the enhancement of individuals’ capacity to adapt
to environmental challenges, specifically, the development of psychosocial resilience [120].
Similarly, it has been argued that in the post-pandemic era, urban planning could prioritize
the systemic role of green spaces in fostering everyday well-being, rather than treating
them merely as supplementary interventions during health crises [121].

However, a comparison of the number of studies does not exhibit a zero-sum rela-
tionship of pathological and positive research directions. This indicates that the academic
community is increasingly adopting a more holistic mental health framework, one that
conceptualizes green spaces as cross-cutting resources for supporting multidimensional
mental well-being, rather than as singular therapeutic interventions. This integrative trend
also aligns with the “dual-track strategy for green health”: on one track, green spaces
are employed to mitigate and treat emotional disorders; on the other, they are embedded
into everyday environments to cultivate a prevention-oriented, positive psychological
ecology [122,123].

Therefore, we suggest that future research and policy advance the “dual-track strat-
egy”. Efforts could continue to deepen our understanding of the therapeutic mechanisms of
green spaces in addressing pathological psychological conditions (e.g., depression, anxiety,
trauma). In addition, there is a potential to rigorously explore how green spaces can foster
positive psychological outcomes by enhancing resilience, a sense of belonging, and life
satisfaction. This approach will facilitate a transition from the paradigm of “green spaces for
psychological disorders” to one of “urban ecosystems for positive mental health.” However,
this evolution of conceptual frameworks would benefit from corresponding methodological
innovations to avoid reinforcing the self-reported circular reasoning between theoretical
and measurement preferences.
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5.3. Methodological Concentration and Measurement Bias

Based on quantitative research findings, this study identifies a methodological bias
toward self-report measures over objective measurement tools. This study reveals that
current research on urban green spaces and mental health remains heavily reliant on
subjective self-report scales, particularly within “Well-Being and Resilience”, indicating a
pronounced methodological imbalance. While subjective scales offer advantages in terms
of ease of administration and the ability to capture individuals” experiential perceptions
and psychological responses, they also have notable limitations. In particular, establishing
causality, identifying underlying mechanisms, and enabling cross-cultural comparisons
may compromise the external validity and policy applicability of the findings.

Although a limited number of studies have begun to incorporate objective indicators
from physiological or behavioral domains, their overall representation remains minimal and
is primarily concentrated within “Well-Being and Resilience” and “Emotional Disorder”.
For instance, one study employed objective measures such as blood pressure, heart rate,
and heart rate variability (HRV) to compare the stress-relieving effects of walking in urban
green spaces versus non-green environments [124]. Another study used HRV to assess
the physiological and psychological relaxation effects of viewing small-scale urban green
spaces (biotopes) among depressed outpatients [125]. In addition, a further study applied
HRYV in combination with salivary cortisol biomarkers to examine the stress-relieving
benefits of walking in green space environments [126].

However, such multi-source integration methods remain in the early stages of explo-
ration and have yet to be widely implemented across diverse population samples. The
limitations in behavioral data collection are particularly pronounced. For example, within
studies addressing “Sleep and Behavioral Functioning”, results using objective recordings
appear lower than what would be theoretically anticipated. This shortfall is likely associ-
ated with the limited standardization and adoption of behavioral tracking technologies (e.g.,
smart bracelets, gait recognition systems) within current urban health research practices.

The integration of objective measures, such as physiological recordings and behavioral
tracking, presents several limitations related to ethical, financial, and technical factors. First,
the collection of physiological and behavioral data is often subject to strict privacy consid-
erations and ethical approval processes [127] creating substantial barriers for large-scale or
multi-city studies. Moreover, the high costs associated with equipment procurement and
maintenance, the requirement for specialized technical training, and the sensitivity of phys-
iological data, which necessitates complex data management protocols, further contribute
to increased financial and logistical burdens [128,129]. Additionally, the variable or delayed
physiological responses to green space exposure, such as changes in cortisol levels or heart
rate variability (HRV), which may require hours to manifest a stable effect following contact
with natural environments [130,131], may have led many researchers to favor the use of
subjective self-report tools that offer immediate feedback (e.g., PANAS, WHO-5).

Furthermore, the present study suggests that the adoption of objective measurement
techniques imposes greater demands on interdisciplinary collaboration, while most existing
research remains rooted primarily in psychology or urban planning. Such research often
lacks the capacity to systematically integrate physiological, behavioral, and environmental
datasets in cooperation with disciplines such as medicine and biomedical science. This path
dependency in methodology appears to be associated with feasibility-driven study designs
and disciplinary conventions, rather than being driven exclusively by considerations of
validity and representativeness.

On the other hand, the enduring reliance on traditional psychological assessment
methods, such as self-report questionnaires, in the fields of environmental psychology
and public health continues to offer notable advantages. Their ease of administration,
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high degree of standardization, and suitability for large sample sizes have contributed to
their widespread adoption. Additional benefits include their replicability, simplicity in
implementation, and the facilitation of cross-study and cross-sample comparisons through
the use of standardized instruments.

Overall, the economic, technological, and ethical barriers associated with objective
measurement instruments, combined with the entrenched reliance on self-assessment
questionnaires, constitute a significant source of structural bias in measurement approaches
within green space and psychological research. This methodological bias may compromise
the ecological validity of study findings. Self-reported data are particularly vulnerable to
recall bias, social desirability effects, and cultural framing, especially in cross-national or
longitudinal studies [132]. Due to the lack of validation through objective indicators such
as heart rate variability and sleep patterns, the causal mechanisms between green space
exposure and mental health remain less frequently examined with reliable and specific
evidence [133]. This limitation also constrains the applicability of research findings to green
space policy making and design practices.

Furthermore, this path dependency in measurement practices has exacerbated knowl-
edge redundancy and methodological conservatism in academic research. It also impedes
cross-modal data integration and innovation in mechanism discovery [96,122]. This mis-
alignment risks a potential disconnect between the evolving knowledge base and so-
cially prioritized public health concerns. Instead, these patterns indicate that current
research evidence is shaped more by feasibility and accessibility than by representativeness
and clinical relevance. The next section will broaden the scope from measurement-level
asymmetry to sampling-level inequality, revealing how epistemological biases manifest in
population coverage.

5.4. Population-Level Bias and Sampling Inequity

Beyond methodological imbalances, the findings also reveal structural inequalities
in population representation, indicating that potential gaps in the evidence base are also
evident through the selection of research subjects. The findings of this study indicate a
significant imbalance in sample structures within current research on urban green spaces
and mental health, with the majority of studies concentrating on healthy adults, university
students, and general urban populations. In contrast, children, clinical patients, older
adults, and specific occupational groups are comparatively underrepresented.

In light of this population coverage bias, we argue that the widespread reliance
on large-sample questionnaires, such as those targeting healthy adults or general urban
populations, is shaped by multiple factors in urban green space and mental health research.
These include the convenience of data collection as well as the emphasis on statistical
significance and the generalizability of findings in public health contexts. Policymakers
have increasingly emphasized the demand for “evidence of broad applicability” [134].
Similarly, it has been highlighted that sample size is a critical variable in public health
research, particularly within heterogeneous urban populations, as it helps mitigate bias,
enhance reliability, and strengthen causal inference between variables [135]. However,
to overcome the resulting geographic and resource-related disparities, future strategies
could move beyond convenience-based sampling. This entails allocating targeted funding
for recruitment in under-resourced regions and incentivizing multi-site collaborations to
ensure the inclusion of geographically dispersed and vulnerable populations.

However, we suggest that this strong emphasis on sample size may inadvertently
favor highly accessible groups (e.g., college students, healthy adults), thereby further exac-
erbating sample structure imbalances. For instance, some studies observe that researchers
often make strategic trade-offs between sample acquisition and resource allocation, and
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that such population selection based on implementation convenience may enhance oper-
ational efficiency [136,137]. This approach, however, has the potential to undermine the
interpretability and fairness of psychological insights related to marginalized groups.

Moreover, experimental studies, another frequently employed study design, often rely
on college students as convenience samples due to the need for sample control, leading to
a tendency toward “campus centrism.” In contrast, special populations such as children
and clinical patients are more frequently studied through qualitative methods, owing to
challenges such as limited accessibility, complex ethical approval processes, and restricted
communicative capacity. While this methodological “strategic choice” may be pragmatically
justified, it nevertheless entails compromises regarding sample characteristics, ultimately
reducing the comparability and interpretive breadth of the research findings.

This structural bias may significantly constrain our understanding of the mental health
effects of urban green spaces across diverse social contexts, particularly in evaluating their
role in addressing mental health disparities. Recent studies have also highlighted the impact
of this issue on the explanatory power of empirical evidence. It has been observed that
marginalized populations exhibit distinct patterns in their use of urban green spaces and
in their psychological responses [138]. Neglecting this heterogeneity leads to a systematic
underestimation of the restorative potential of urban environments. Similarly, a study in an
urban community in Beijing found that perceptions of barriers and experiences of social
isolation in green space use were significantly higher among chronically ill individuals
compared to healthy residents. Moreover, the psychological benefits among these groups
were more contingent upon accessible design and inclusive spatial configurations [139].

To advance equity in this field, future research would benefit from prioritizing in-
clusive study designs that adequately represent diverse populations, including children,
older adults, patients, and low-income groups. This could be achieved by improving
sample accessibility through multicenter surveys and collaborations with healthcare sys-
tems. This can also be achieved by developing mixed-method approaches tailored to
vulnerable populations, such as assisted interviews, behavioral observation, and wearable
monitoring technologies, to enhance data quality and interpretive depth. Addressing these
parochial sample structures may help render urban green space policies more inclusive and
conducive to health equity.

Mitigating epistemic inequity requires not only a diversity of methodologies but also
an inclusive population structure, especially for the elderly, children, and people with
physical or mental disabilities, to ensure that future research evidence better reflects the
diversity of urban mental health outcomes.

5.5. Limitations

This systematic review has several limitations that should be acknowledged. First,
the literature search was restricted to the Web of Science database, and included only
peer-reviewed articles published in English between 2004 and 2024. This single-database
strategy excluded other major repositories, such as Scopus and PubMed, which index a
significant volume of relevant literature in public health, psychology, and environmental
research. Consequently, relevant studies published in other languages, indexed in these
databases, or available as grey literature (e.g., technical reports, dissertations) may have
been missed, introducing potential language, indexing, and publication bias. From an
epistemic equity perspective, these restrictions may further privilege Anglophone and
high-income country scholarship and underrepresent local, non-English, and regionally
indexed evidence; therefore, the patterns identified in this review should be interpreted as
characterizing the currently dominant English-language evidence base. These restrictions
likely contributed to the geographic imbalances reported in Supplementary Table S1. For
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instance, the substantial underrepresentation of studies from South America and Africa
could be partly due to the exclusion of non-English local journals or regional databases
(e.g., SCiELO, LILACS), rather than reflecting an actual dearth of research activity in
these regions.

Second, the review applied stringent exclusion criteria, omitting review articles, confer-
ence proceedings, and non-peer-reviewed publications. While this enhances methodologi-
cal rigor, it may be associated with the exclusion of valuable insights and comprehensive
syntheses. Third, despite implementing a dual-reviewer process for screening and data
extraction, a degree of subjectivity remains inevitable, particularly in the evaluation of
studies with incomplete or ambiguous reporting. Although discrepancies were resolved
through consensus, this may still influence the consistency and reproducibility of the find-
ings. Fourth, substantial heterogeneity among the included studies in terms of design,
outcome measures, and reporting standards precluded a formal risk of bias assessment
or a quantitative meta-analysis. Although this limits our ability to evaluate the internal
validity of individual studies or aggregate statistical power, this descriptive approach
was necessary to accommodate the broad scope of the review and to focus on identifying
structural methodological biases and gaps in population representation (epistemic equity)
across the 235 studies.

Furthermore, incomplete reporting in some primary studies, such as missing data on
sample characteristics, effect sizes, or measurement instruments, may have constrained
the comprehensiveness of the synthesis and the depth of interpretation. These limitations
reduce the generalizability and applicability of the findings across diverse contexts.

Finally, this review did not conduct a formal assessment of reporting bias, as no
quantitative synthesis or meta-analysis was performed. However, potential reporting
biases may exist due to publication bias (e.g., studies with null results being underreported)
and language restrictions (English-only publications). No formal GRADE-based assessment
of evidence certainty was conducted, as this review synthesized heterogeneous and non-
comparable studies using a descriptive analytical approach. Nevertheless, the overall
confidence in the findings can be regarded as moderate, given the consistent patterns
observed across multiple independent studies.

6. Conclusions

This systematic review synthesizes the international literature on the psychological
impacts of urban public green spaces, highlighting the paradigm shifts and methodological
tendencies that have emerged over the past two decades, particularly after the COVID-19
pandemic. Our analysis identifies a clear transition in research emphasis from the use
of objective indicators and spatial metrics of green space to the exploration of individual
subjective experiences. In parallel, the field has moved from a pathology-centered paradigm
toward a dual-track approach that integrates both therapeutic and preventive dimensions
of mental health.

From a methodological perspective, the current body of evidence shows a consis-
tent pattern of epistemic bias. Research feasibility and data accessibility have strongly
influenced methodological choices. They shape not only how green spaces and mental
health are studied, but also whose experiences are represented. Most studies rely on cross-
sectional, self-reported data collected from healthy adults and university students, while
experimental, longitudinal, or physiologically validated approaches remain limited. These
structural imbalances weaken the generalizability, inclusiveness, and practical relevance of
existing findings, limiting their contribution to equitable public-health interventions.

Achieving epistemic equity requires methodological pluralism that combines exper-
imental, physiological, and participatory approaches with inclusive sampling strategies
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extending beyond healthy adult and convenience groups. To proceed in this direction,
future research should prioritize longitudinal and experimental designs, multimodal data
collection, and close interdisciplinary collaboration among urban planning, public health,
and medical fields. Such diversification is essential for producing robust and actionable
evidence that can inform inclusive urban planning and promote mental-health equity in an
increasingly urbanized world.
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the supplementary Table S2); Table S3: Continents and countries where studies have been conducted
on the mental health role of urban public green spaces; Text S1: Retrospective review protocol;
Text S2: Codebook.
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