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ARTICLE INFO ABSTRACT

Keywords: Background: This pragmatic randomized controlled study examined the effects of a 4-week nature walk (vs. urban
Nature walking walk) intervention on university students’ mental health, a population known to experience high rates of psy-
Affect

chological symptoms.

Method: Using a parallel group design, university students were randomized to complete 2-3 weekly walks over 4
weeks in either an urban greenspace (nature condition) or city streets (urban condition). Assessments were
completed online at pre-randomization/baseline, weekly (primary outcomes only), and post-intervention. The
primary outcomes were positive and negative affect, with depressive and anxiety symptoms as secondary out-
comes. Trial registration: NCT05889078. Mixed model analyses (adjusting for baseline measures) adhered to
intent-to-treat principles.

Results: Ninety-three participants (47 in nature, 46 in urban) received the intervention. Participants were mostly
female (87%; Mage = 20.61 years; SD = 1.94). Mixed model analyses revealed no effect of the nature walks on
positive and negative affect, nor on depressive and anxiety symptoms. Post-hoc moderation analyses revealed
greater reductions in depressive symptoms for the nature (vs urban) condition, but only in participants with
higher baseline depressive symptoms (p for interaction = 0.04). To illustrate, for students with baseline symp-
toms in the moderately-severe-to-severe range, the mean difference in depressive symptoms at post-intervention
was —3.86 (95% CI: —7.38 to —0.33), with a large effect size (d = 0.85).

Limitations: The small sample size and higher number of female participants limit the generalizability of results.
Conclusions: Although this study did not provide evidence that nature walks improve mental health for all
university students, benefits were observed for reducing depressive symptoms for those with higher baseline

Depression

Anxiety

University students
Randomized controlled design

symptoms.
Universities worldwide are witnessing a rise in students experiencing reported at higher rates than in the general population (Auerbach et al.,
mental health challenges, particularly depression and anxiety, which are 2018). These mental health challenges are often accompanied by lower
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positive affect (e.g., joy and energy) and heightened negative affect (e.
g., sadness and lethargy; (Bore et al., 2016; De Franco Tobar et al.,
2022), which can impair daily functioning, including academic perfor-
mance (Chu et al., 2023), and contribute to an increased risk of school
dropout over time (Hartley, 2010; Hjorth et al., 2016). While providing
effective mental health treatments — such as cognitive behavioural
therapy (Zhang et al., 2023) - is essential, it is also important to offer
complementary, free, and accessible strategies outside formal treatment
settings to help students manage their mental health symptoms
independently.

Observational research has indicated that contact with nature can
benefit mental health and affect, as summarized in several systematic
reviews and meta-analyses (Bowler et al., 2010; Capaldi et al., 2015;
Hartig et al., 2014; Ohly et al., 2016a; Pritchard et al., 2020). To illus-
trate, a recent systematic review and meta-analysis of 18 studies sug-
gested that a 10% increase in greenspace exposure is associated with
3.7% lower risk of depression and 6.2% lower risk of anxiety (Liu et al.,
2023). Exposure to nature can also lead to increased positive affect and
reduced negative affect, both of which are key indicators of everyday
wellbeing (Poka et al., 2024; David Watson, Clark, & Tellegen, 1988).
For example, a systematic review and meta-analysis of 20 studies on the
effect of nature contact on positive and negative affect showed that
exposure to natural environments (compared to urban or indoor envi-
ronments) was associated with a moderate increase in positive affect and
moderate decrease in negative affect (Yao et al., 2021).

Several complementary mechanisms may underlie associations be-
tween nature exposure and mental health. Natural environments can
reduce or buffer exposure to environmental stressors such as air pollu-
tion and noise (Alvarsson et al., 2010; Olvera Alvarez et al., 2018) and,
consistent with Stress Reduction Theory (Ulrich, 1981, 1984), may
promote autonomic stress recovery in nonthreatening natural settings,
with preferences shaped by both biophilic predispositions and learned
familiarity (Kellert & Wilson, 1993; Meidenbauer et al., 2019). Attention
Restoration Theory proposes that natural environments restore depleted
attentional resources via “soft fascination” (Kaplan & Kaplan, 1989;
Ohly et al., 2016b; Schertz & Berman, 2019), with evidence suggesting
that this reduced cognitive load may contribute to affective benefits
(Kardan et al., 2015; Schertz et al., 2018). Greenspaces have also been
associated with enhanced social cohesion and interaction (De Vries
et al., 2013; Hartig et al., 2014; Maas et al., 2009; Sugiyama et al.,
2008), and emerging research suggests that exposure to biodiverse en-
vironments may shape the human gut microbiota through microbial
transfer, potentially contributing to mental health effects via bio-
physiological pathways (Wong & Osborne, 2022). Beyond mere expo-
sure to nature, engaging in physical activity in natural settings may
amplify these benefits, supported by the well-established positive effects
of exercise on mental health (Chekroud et al., 2018; Kelly et al., 2018;
Pedersen & Saltin, 2015; Qiu et al., 2019).

Walking, a free and highly accessible form of exercise, has been
shown to confer additional benefits reported when the activity occurs in
a natural setting compared to other environments (Berman et al., 2008;
Bratman et al., 2015; Janeczko et al., 2020; Koselka et al., 2019). A
recent systematic review of 17 experimental studies (n = 1209) inves-
tigating the effectiveness of nature-based walking interventions on the
mental health of adults found that overall, pre-post measurements of
nature-based walking interventions indicate significant increases in
positive mood, optimism, and wellbeing, along with significant de-
creases in rumination, stress, and anxiety (Ma et al., 2024). However,
the authors noted that only four of the included studies were published
randomized controlled trials, with only two of these described as being
at low risk of bias, further suggesting that more randomized controlled
studies are needed to properly ascertain the effectiveness of nature
walking in improving mood and other aspects of mental health (Ma
et al., 2024).

Evidence also suggests that post-secondary students benefit more
from nature walks than walks in urban settings. For example, a 2018
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Japanese study using a randomized crossover design had 585 male
university students (mean age = 21.70 years; SD = 1.60) go on a single
15-min walk on predetermined routes through forested (intervention)
and city (control) environments, with the Profile Mood State (POMS)
questionnaire (McNair, 1992) administered at pre- and post-walk (Song
et al., 2018). Their results showed that compared to a city walk, a forest
walk led to significant decreases in negative moods and increases in
positive moods (Song et al., 2018).

While just a single walk in nature can improve affect and mental
health symptoms (e.g., (Watkins-Martin et al., 2021), research suggests
that higher frequencies and durations of nature walks may have a cu-
mulative beneficial effect on mental health (Shanahan et al., 2016;
White et al., 2019). For instance, an investigation of associations be-
tween recreational nature contact in the past week and self-reported
wellbeing (n = 19,806) found that the likelihood of reporting high
levels of wellbeing significantly increased when nature contact sur-
passed 120 min per week, regardless of whether this was achieved in just
one or multiple visits (White et al., 2019). However, the cumulative
effects of nature walks vs. urban walks on positive and negative affect, as
well as other mental health symptoms, are currently unknown since the
current body of research primarily consists of studies examining the
effects of a single nature walk (Wicks et al., 2022). Moreover, literature
is lacking well-designed studies using randomization and control groups
(Grassini, 2022; Ma et al., 2024).

1. Objectives

This pragmatic randomized controlled study investigated the effects
of a 4-week nature walking intervention compared to a 4-week urban
walking intervention on positive and negative affect, as well as
depressive and anxiety symptoms, in a sample of young adults attending
a large university in Montreal, Canada.

2. Method
2.1. Ethics statement

The study was approved by the Research Ethics Board of the Mon-
treal West Island Integrated University Health and Social Services
Centre. Participants provided written informed consent and were
compensated up to $100 for their participation. This pragmatic ran-
domized controlled study using parallel group design is registered at
ClinicalTrials.gov (NCT05889078). All deviations from the protocol are
documented in supplementary eMethods 2.

2.2. Participants

A total of 135 participants were recruited from October 2022 to May
2023 from McGill University in Montreal, Quebec, Canada. Participants
were recruited via online advertisement on McGill Listservs and social
media. A formal a priori power analysis was not conducted, thus limiting
the interpretation of null effects. Instead, sample size was determined
pragmatically based on available resources and anticipated recruitment
capacity, which is a common approach in real-world intervention
research with student populations. Currently registered McGill students
were eligible to participate if they were between the ages of 18 to 25
years old; speak English; and had a data usage plan and working
smartphone that could be used to track their walk routes using an
application. Participants were excluded if they reported an inability to
walk for 45 min due to serious medical reasons (e.g., major surgery) or if
they had a heart condition.

Of the 135 recruited participants, 67 were randomly assigned to the
nature condition and 68 were randomly assigned to the urban condition.
Prior to beginning their walks, 42 participants (20 from the nature
condition and 22 from the urban condition) withdrew from the study
(see Fig. 1). Over the course of the four weeks of walking, a further eight
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Analysed (n=) 32 complete participants

Fig. 1. CONSORT diagram of participants' progress through the study.

participants from the nature condition and 14 participants from the
urban condition dropped out (p for difference in attrition in nature vs.
urban condition = 0.128). A total of 71 participants (39 in the nature
condition and 32 in the urban condition) completed the entire four
weeks of the walking intervention. We compared randomized partici-
pants who withdrew prior to the start of the walking intervention
(n = 42) with those who completed the 4-week intervention and post-
intervention questionnaire (n = 71) in terms of their age and sex.
There were no significant differences between the groups in terms of age
(p =.728) or sex (p = .705) based on independent samples t-test and chi-
square analyses.

2.3. Design and randomization

This study used a pragmatic randomized controlled design. Prag-
matic randomized controlled designs retain key features of randomized
controlled trials, including random allocation to concurrent comparison
groups and prospective outcome assessment, while allowing contextual
variability to reflect real-world conditions (Capili & Anastasi, 2025;
Ford & Norrie, 2016).

Participants were randomized to the condition groups (nature vs.

urban walk) using a computerized simple randomization procedure
(www.keamk.com) with a 1:1 allocation ratio. Consistent with this
pragmatic approach, the two parallel conditions prescribed the same
frequency and duration of walks, while variability in walk timing, sea-
son, weather, and ground conditions was allowed to reflect the real-
world context of a multi-week intervention involving university stu-
dents. Participants were not informed of the study hypothesis comparing
nature and urban walking conditions, although they were aware of their
assigned walk route. Research assistants communicating with partici-
pants via e-mail could not be blind to participants' assigned walk con-
dition, since they occasionally had to answer questions pertaining to
participants’ walk routes. However, all other e-mail communications (e.
g., reminders to complete online questionnaires) were standardized
across conditions, with a template being copy-pasted and filled in.

2.4. Walk conditions

Following completion of the consent form and baseline question-
naire, participants were randomly assigned to a walking intervention in
either a natural or urban environment. They were e-mailed a PDF
document containing detailed written instructions and a Google Maps
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link depicting their assigned walk route. The walking intervention
consisted of three 45-min walks per week over a period of four
consecutive weeks and took place between October 2022 to May 2023 in
the city of Montreal in Quebec, Canada. Participants carried their
smartphone during each walk using an application (RunKeeper) that
recorded their global positioning system (GPS) to ensure adherence to
their assigned walk route. In the interest of participant retention, par-
ticipants were instructed to walk each week on any day and at any time
that suited them, as long as they completed each walk on separate days
and adhered to their assigned walk route. Participants in both conditions
walked 3.5 km for approximately 45 min per walk. At the end of each
week, participants emailed GPS (RunKeeper) screenshots of each walk to
the study's research assistant and completed a brief online questionnaire
assessing affect and collecting information on each walk (i.e., duration
of the walk; means of transportation to arrive at the itinerary start point;
perceived level of difficulty; weather conditions; and whether they
walked alone or in the company of a friend, relative, pet, or romantic
partner). Participants walked in fall or winter semesters. Temperatures
in Montreal between October 2022 and May 2023 ranged from 31.3 to
—29.1 degrees Celsius (Environment Canada). The nature and urban
walk conditions were assessed and compared in terms of perceived level
of physical exertion, as reported by the BORG CR-10 scale (Borg, 1998)
completed by participants in the weekly questionnaire (participants
were asked to answer the question “How was the walk?” by selecting a
number on a scale ranging from 0-No exertion at all to 10-Maximal
exertion).

The nature walking intervention took place on the Mount Royal Park,
a 200-ha urban greenspace with more than 100,000 trees located on a
mountain in the heart of Montreal, directly adjacent to the northern

Maison'Wi
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perimeter of McGill University's downtown campus. The total distance
of the nature walk was 3.5 km with a cumulative elevation of 77 m.
While the route was slightly modified in January 2023 due to the
reservation of certain paths for skiers, the distance, elevation, and
duration of the walk did not significantly change. Within the first kilo-
metre of the walk, participants were shielded from urban sounds (e.g.,
traffic) and sights (e.g., city buildings; parking lots). Mount Royal Park
comprises a lush forest of over 700 species of vascular plants and 90
species of trees; hundreds of animal species; a lake; and extensive hiking
and cross-country skiing trails. No automobiles are permitted within the
park.

The urban walking intervention took place on the sidewalks of the
downtown core of Montreal, also directly adjacent to the McGill Uni-
versity downtown campus. The total distance of the urban walk was
3.5 km with a cumulative elevation of 69 m, matching the distance of the
nature walk (see Fig. 2). The urban route spanned four major downtown
Montreal city streets, featuring two to four lanes of busy automobile
traffic; 17 intersections with traffic lights; and a cityscape comprising
dozens of high-rise buildings.

2.5. Assessments

Prior to randomization, participants received an online question-
naire via email to collect baseline information on sociodemographic
characteristics, positive and negative affect, and mental health,
including depressive and anxiety symptoms. Mental health symptoms
were reassessed one week after completing the four-week walking
intervention (i.e., post-intervention) through a second online question-
naire. Participants also completed online questionnaires at the end of

Fig. 2. Googlemaps Overview of the Nature Walk Condition and the Urban Walk Condition
Note. The nature condition walk route is highlighted in green. The urban condition walk route is highlighted in red. (For interpretation of the references to colour in

this figure legend, the reader is referred to the Web version of this article.)
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each week of walking to assess negative and positive affect as well as
walk characteristics (i.e., perceived exertion; weekly walk
accompaniment).

2.5.1. Primary outcomes

The study's primary outcomes were negative and positive affect,
respectively, as measured by the Positive and Negative Affect Schedule
(PANAS; Watson, Clark, & Tellegen, 1988). The PANAS is a widely used
20-item self-rated questionnaire measuring positive (e.g., “excited”) and
negative (e.g., “upset”) affect (positive affect scale, a: 0.86-0.90; nega-
tive affect scale, a: 0.85-0.91). Participants indicated to what extent they
feel each affect “right now—that is, at the present moment” with
response choices ranging from 1 (very slightly or not at all) to 5
(extremely). The PANAS was administered via online questionnaire at
five time points of the study: at pre-randomization (baseline) and at the
end of each completed week of walking (Week 1, 2, 3, and 4).

2.5.2. Secondary outcomes

Secondary outcomes — namely, depressive and anxiety symptoms —
were assessed via online questionnaire at baseline (pre-intervention)
and one week following the completion of the four-week walking
intervention (post-intervention).

Depressive symptoms in the past week were self-reported using the
Patient Health Questionnaire-9 (PHQ-9; (Kroenke et al., 2001), a
well-validated measure based on the DSM-IV diagnostic criteria for
major depressive disorder (pre-intervention a: 0.86; post-intervention a:
0.81). Items are answered on a four-point Likert scale from 0 (never) to 3
(most days) with total scores ranging from 0 to 27, with higher scores
representing greater symptom severity.

Anxiety symptoms in the past week were assessed using the General
Anxiety Disorder-7 (GAD-7; (Spitzer et al., 2006),one of the most
frequently used self-report scales for the screening and severity assess-
ment of anxiety disorder (pre-intervention o: 0.87; post-intervention a:
0.87). Items are ranked on a four-point scale from 0 (not at all sure) to 3
(nearly every day), providing a total severity score from 0 to 21, with
higher scores representing greater symptom severity.

Additional secondary outcomes are detailed in Supplementary
eMethods 1.

2.6. Statistical analyses

All analyses were performed using SPSS, version 28, and the
threshold of significance was set at p < .05. For descriptive purposes, we
reported baseline participant's sociodemographic characteristics, walk
characteristics, and levels of positive and negative affect (primary
outcome) and depressive and anxiety symptoms (secondary outcome) by
condition (nature vs. urban walk), using means and standard deviations
for continuous variables and frequencies for categorical variables. We
conducted independent samples t-tests and chi-square tests to assess
differences in walk characteristics between the two conditions (nature
vs. urban walk).

For the primary outcomes, we tested the effect of walk condition
(nature vs. urban) on negative and positive affect at four weekly time
points (Week 1, 2, 3, and 4) using two linear mixed-effects models: one
for positive affect and one for negative affect. Each model included the
corresponding baseline affect level (positive or negative) — collected
prior to randomization and the start of the walks — as a covariate (Twisk
et al., 2018). Walk condition (nature vs. urban) was the between-subject
factor and time (Week 1, 2, 3, and 4) was the within-subject factor.
Linear mixed-effects models — sometimes referred to as multilevel
models or hierarchical linear models - are ideal for analyzing repeated
measures data and allow for the inclusion of participants with incom-
plete outcome data through likelihood-based estimation using all
available observations (Detry & Ma, 2016).

For secondary outcomes, we tested the effect of the walk intervention
(nature vs. urban condition) on post-intervention symptoms of
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depression and anxiety using an ANCOVA framework via the linear
mixed-effects model procedure in SPSS. In these models, walk condition
(nature vs. urban) was specified as a between-subject independent factor
and the corresponding pre-intervention (baseline) symptom score was
included as a covariate.

Model assumptions were evaluated using residual-based diagnostics,
including residual histograms, Q-Q plots, residual-versus-time plots for
models with repeated time points, standardized residuals, and Cook's
distance. Residual diagnostics did not indicate violations of normality,
linearity, homoscedasticity, or influential outliers.

Four additional mixed model analyses (following the same analytic
approach used for depressive and anxiety symptoms) were conducted to
analyze additional secondary outcomes (stress, mindfulness, sleep
problems, and wellbeing) as reported in the Supplementary Material.

3. Results

As shown in Table 1, most participants were mostly female (87%)
with a mean age of 20.61 years (SD = 1.94). Over half of the participants
were Canadian citizens or residents (66%) and did not identify as a
visible or ethnic minority (56%). Most participants reported being at an
undergraduate level of study (85%) and reported sharing a home with
others (75%). Table 2 depicts walk characteristics across the two groups
(nature vs. urban walk). T-tests and chi-square analyses revealed no
significant differences in walk characteristics (i.e., season; perceived
exertion; weekly walk accompaniment) between the two groups.

3.1. Primary outcomes

Descriptive statistics for positive and negative affect from baseline to
Week 4 across walk conditions are shown in Tables 3a and 3ba and 3b
respectively. Table 4 presents mixed model analyses of the four-week
nature vs. urban walk intervention for positive and negative affect
while controlling for affect at baseline (Twisk et al., 2018). For both
positive and negative affect, results show no significant effects of time,
walk condition, or the interaction between walk condition and time.

3.2. Secondary outcomes

Descriptive statistics for depressive and anxiety symptoms at base-
line and post-intervention are presented in Tables 5a and 5ba and 5b
respectively. Mixed model analyses adjusted for baseline symptoms are

Table 1
Baseline sociodemographic characteristics of participants by walk condition.
Sociodemographic Whole Sample Nature Walk Urban Walk
Characteristics (n =93) (n=47) (n = 46)
Sex, % (n)
Male 12.90 (12) 12.80 (6) 13 (6)
Female 87.10 (81) 87.20 (41) 87 (40)
Age in years, M (SD) 20.61 (1.94) 20.21 (1.96) 21.02 (1.86)
Citizenship status, % (n)
Canadian citizen or 65.60 (61) 61.70 (29) 69.60 (32)
resident
International 34.40 (32) 38.30 (18) 30.40 (14)
student
Living situation, % (n)
With others 75.30 (70) 74.50 (35) 76.10 (35)
Alone 24.70 (23) 25.50 (12) 23.90 (11)
Current level of study, % (n)
Undergraduate 84.90 (79) 80.90 (38) 89.10 (41)
Graduate Level” 15.10 (14) 19.10 (9) 10.90 (5)
Visible or ethnic minority, % (n)
Yes 44.10 (41) 48.90 (23) 39.10 (18)
No 55.90 (52) 51.10 (24) 60.90 (28)

Note.
# This category includes the following response options: master, doctorate,
some credited courses and other.
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Table 2
Walk characteristics by walk condition.

Walk characteristic Whole Sample ~ Nature Walk Urban Walk p-

(n=93) (n=47) (n = 46) value
Season at 0.51
baseline, % (n)

Fall 51.6 (48) 57.4 (27) 45.7 (21)

Winter 16.1 (15) 14.9 (7) 17.4 (8)

Spring 32.3 (30) 27.7 (13) 37.0 (17)

Perceived exertion post-walk, M (SD) *

Week 1 3.60 (1.66) 3.37 (1.76) 3.84 (1.54) 0.18

Week 2 3.31(1.27) 3.14 (1.07) 3.50 (1.44) 0.19

Week 3 2.99 (1.59) 2.79 (1.60) 3.22 (1.57) 0.23

Week 4 2.94 (1.56) 2.85 (1.63) 3.06 (1.48) 0.56
Accompanied - 0.40
week 1, % (n)

Yes (at least one 50.0 (45) 54.3 (25) 45.5 (20)
walk)

No 50.0 (45) 45.7 (21) 54.5 (24)
Accompanied - 0.20
week 2, % (n)

Yes (at least one 54.7 (47) 61.4 (27) 47.6 (20)
walk)

No 45.3 (39) 38.6 (17) 52.4 (22)
Accompanied - 0.23
week, 3% (n)

Yes (atleastone  46.2 (36) 52.4 (22) 38.9 (14)
walk)

No 53.8 (42) 47.6 (20) 61.1 (22)
Accompanied - 0.84
week 4, % (n)

Yes (atleastone  47.2 (34) 46.2 (18) 48.5 (16)
walk)

No 52.8 (38) 53.8 (21) 51.5 (17)

Note.

2 As measured by the BORG CR-10 scale.

presented in Table 6. For both secondary outcomes, results show no
significant effects of walk condition.

3.3. Post-hoc moderation analyses (i.e. analyses not initially planned)

Lastly, we explored whether the effects of the walk conditions on
mental health varied according to participants’ baseline symptom levels.
We did this by including baseline symptoms*walk condition interaction
terms in the mixed models for both primary outcomes (positive and
negative affect) and secondary outcomes (depression and anxiety) using
continuous baseline scores. No significant interactions were found for
positive affect (Time X Walk Condition X Baseline Positive Affect,
p = .655) or negative affect (Time X Walk Condition X Baseline Negative
Affect, p = .259), nor for anxiety symptoms (Walk Condition X Baseline
Anxiety Symptoms, p = .92). However, we observed a statistically sig-
nificant interaction between baseline depressive symptoms (measured

Table 3a
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continuously via the PHQ-9; Kroenke et al., 2001) and walk condition
for post-intervention depressive symptoms (Walk Condition X Baseline
Depression Symptoms, p = .04), indicating that the intervention was
more effective for students who began with higher levels of depressive
symptoms at baseline.

To facilitate interpretation of this interaction, we conducted an
exploratory follow-up analysis using established PHQ-9 depression
severity categories (none/minimal (0-4), mild (5-9), moderate (10-14),
and moderately severe/severe (15-27); (Kroenke et al., 2001). As illus-
trated in Fig. 3, participants with moderately severe to severe depressive
symptoms at baseline benefited more from the nature walk intervention
compared to the urban walk, with a mean difference of —3.86 (95% CI:
—7.38 to —0.33), representing a large effect size (Cohen's d = 0.85;
Cohen, 1988).

Additional secondary outcomes — including stress, mindfulness, sleep
quality, and wellbeing — from mixed model analyses revealed no sig-
nificant differences between nature and urban walk conditions (see
Supplementary Material for details).

4. Discussion

Our study implemented a 4-week nature walk intervention (vs. urban
walk intervention) at a large university in Quebec, Canada, using a
pragmatic randomized controlled design to evaluate its effect on mental
health — namely positive and negative affect as primary outcomes and
depression and anxiety symptoms as secondary outcomes — in young
adult university students. Results indicated no significant difference in
positive or negative affect or any mental health outcomes (including the
additional secondary outcomes, i.e. stress, mindfulness, sleep problems,
and wellbeing) from baseline to follow-up between the two walk con-
ditions (nature vs. urban) for all participants. However, we found that
walking in nature had a favorable effect in reducing depressive symp-
toms among participants who had higher levels of depressive symptoms
at baseline when compared to those assigned to the urban condition. The
effect size was large when focusing solely on students with depressive
symptoms in the moderately-severe-to-severe range, suggesting that
nature walks may confer benefits for individuals suffering from more
severe symptoms of depression.

Our findings indicating no significant difference in positive or
negative affect from baseline to post-intervention between the nature
and urban walk conditions contrast with previous experimental research
examining the effects of nature walking on affect in university students
(Berman et al., 2008; Bratman et al., 2015; Koselka et al., 2019). For
example, in an experimental study comprising mostly university stu-
dents (n = 60; M age = 22.9 years) in which participants were randomly
assigned to a 50-min walk in either a natural or urban environment,
significantly greater decreases in negative affect were observed among
participants who completed a walk in a nature setting compared to those
who completed a walk in an urban setting (Bratman et al., 2015). The

Descriptive statistics for positive affect scores In the nature and urban condition at baseline (pre-intervention), week 1, week 2, week 3, and week 4.

Time Nature Condition Urban Condition

M SD Mdn Skew Kurt M SD Mdn Skew Kurt
Baseline * 32.66 6.45 32 —-0.40 0.88 29.52 8.12 26 0.24 -0.13
Week 1° 31.89 6.97 34 -0.79 0.90 29.30 6.83 27 0.21 0.14
Week 2 © 29.72 8.02 28 —-0.09 —0.42 28.02 7.28 26 0.27 0.76
Week 3 ¢ 29.55 6.73 29 —-0.05 0.00 27.89 7.15 29 0.42 0.42
Week 4 © 31.41 6.57 32 —0.56 0.49 27.76 7.43 27 0.36 —0.54

Note. M = mean; SD = standard deviation; Mdn = median; Skew = skewness; Kurt = kurtosis. Means, standard deviations, medians, skewness and kurtosis values based

on the maximum n available for each time point.
2 Nature Condition, n = 47; Urban Condition, n = 46.
b Nature Condition, n = 46; Urban Condition, n = 44.
¢ Nature Condition, n = 44; Urban Condition, n = 42.
4 Nature Condition, n = 42; Urban Condition, n = 36.
¢ Nature Condition, n = 39; Urban Condition, n = 33.
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Table 3b
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Descriptive statistics for negative affect scores In the nature and urban condition at baseline (pre-intervention), week 1, week 2, week 3, and week 4.

Time Nature Condition Urban Condition

M SD Mdn Skew Kurt M SD Mdn Skew Kurt
Baseline * 23.53 6.71 23 0.51 -0.26 23.76 7.19 22 0.38 -0.85
Week 1° 19.30 5.99 17 0.62 —-0.69 20.57 8.39 17 0.89 0.16
Week 2 © 21.14 7.33 21 0.42 0.22 19.33 8.42 17 1.10 0.04
Week 3 ¢ 20.69 6.64 19 0.19 —0.84 20.33 8.39 18 1.43 2.18
Week 4 © 19.67 6.46 19 0.75 0.30 21.12 8.58 18 1.01 0.08

Note. M = mean; SD = standard deviation; Mdn = median; Skew = skewness; Kurt = kurtosis. Means, standard deviations, medians, skewness and kurtosis values are
based on the maximum n available for each time point.

2 Nature Condition, n = 47; Urban Condition, n = 46.

b Nature Condition, n = 46; Urban Condition, n = 44.

¢ Nature Condition, n = 44; Urban Condition, n = 42.

d Nature Condition, n = 42; Urban Condition, n = 36.

¢ Nature Condition, n = 39; Urban Condition, n = 33.

Table 4
Mixed models Predicting positive and negative affect across four weeks.
Predictor Est. SE 95% CI df F P np?
Positive Affect
Baseline Affect 0.487 0.097 0.296 - 0.678 1, 89.04 55.49 <0.001 0.384
Time - - - 3, 230.97 1.04 0.374 0.013
Walk Condition 1.055 1.434 —-1.771 - 3.881 1, 88.14 0.01 0.923 0.000
Time x Walk Condition - - - 3,232.13 0.73 0.535 0.009
Repeated Measures Variance 19.07 1.78 15.874-22.914 - - - -
Negative Affect
Baseline Affect 0.413 0.108 0.200 - 0.625 1, 90.37 34.05 <0.001 0.274
Time - - - 3, 232.67 0.74 0.529 0.009
Walk Condition —0.465 1.484 —3.393 - 2.462 1, 89.66 0.03 0.859 0.000
Time x Walk Condition - - - 3,231.48 1.61 0.188 0.020
Repeated Measures Variance 17.47 1.63 14.55-20.98 - - - -

Note. N = 93. Positive and negative affect as measured by the PANAS. The two-level linear mixed-effects models (Level 1 = time; Level 2 = participant) are adjusted for
baseline positive affect and baseline negative affect respectively. Degrees of freedom (df) values are shown as (numerator df, denominator df). The F-tests evaluate the
significance of each fixed effect (main effects and interactions) in the linear mixed-effects models. Corresponding p-values for each F-test are reported. np? represents

partial eta squared and is reported as a measure of effect size.
Time: Baseline, Week 1, Week 2, Week 3, Week 4.
Condition: Nature walk; Urban walk.

Blank cells for Est./SE/CI indicate omnibus effects. Variance components are reported as estimates with confidence intervals and are not associated with F-tests, p-

values, or effect size statistics.

Table 5a

Descriptive statistics for depressive symptoms In the nature and urban condition at baseline (pre-intervention) and post-intervention.

Time Nature Condition Urban Condition
M SD Mdn Skew Kurt M SD Mdn Skew Kurt
Baseline 9.31 5.04 8 0.86 0.18 10.09 6.86 8.50 0.43 -1.13
Post-Intervention 7.32 4.33 7.50 0.84 0.51 8.54 5.79 6.50 0.65 —-0.33
Note. n = 71. Depressive symptoms as measured by the PHQ-9. M = mean; SD = standard deviation; Mdn = median; Skew = skewness; Kurt = kurtosis.
Table 5b
Descriptive statistics for anxiety symptoms In the nature and urban condition at baseline (pre-intervention) and post-intervention.
Time Nature Condition Urban Condition
M SD Mdn Skew Kurt M SD Mdn Skew Kurt
Baseline 7.87 4.28 7 0.74 0.73 8.62 5.56 8.50 0.11 —1.24
Post-Intervention 5.67 3.94 6 0.54 -0.59 6.28 4.78 6 0.90 1.28

Note. n = 71. Anxiety symptoms as measured by the GAD-7. M = mean; SD = standard deviation; Mdn = median; Skew = skewness; Kurt = kurtosis.

discrepancy in findings may be due to the potentially immediate and
short-lived affective changes induced by nature walks. Unlike the study
by Bratman et al. (2015), which measured affect immediately following
a single 50-min walk, our study assessed positive and negative affect
only once a week after participants completed all three weekly walks.
This difference in timing suggests that the transient benefits of nature

exposure on affect might have diminished by the time of our assess-
ments, thereby explaining the lack of significant differences in our
results.

Our study found no significant difference in anxiety symptoms from
baseline to post-intervention between the nature and urban walk con-
ditions, in contrast to previous research demonstrating significant
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Table 6
Mixed models Predicting post-intervention depressive and anxiety symptoms.
Predictor Est. SE 95% CI df F p np?
Depressive Symptoms
Baseline Score 0.339 0.095 0.151 - 0.528 1, 68 12.88 0.001 0.159
Walk Condition —0.953 1.112 —3.173 - 1.266 1,68 0.73 0.395 0.011
Anxiety Symptoms
Baseline Score 0.543 0.085 0.374 - 0.713 1, 68 40.82 <0.001 0.375
Walk Condition —0.205 0.828 —1.857 — 1.447 1,68 0.06 0.805 0.001

Note. n = 71. Depressive symptoms as measured by the PHQ-9; anxiety symptoms as measured by the GAD-7. The mixed models include baseline symptom scores as
covariates, such that post-intervention outcomes are compared between walk conditions while adjusting for pre-intervention levels. Degrees of freedom (df) values are
shown as (numerator df, denominator df). The p-value corresponds to the F-test for each fixed effect. np? represents partial eta squared and is reported as a measure of

effect size.
Walk Condition: Nature walk vs. Urban walk.

Mean Differences (95% CI)
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Fig. 3. Post-Hoc Mixed Model Analyses Depicting Mean Differences in Depressive Symptoms Between The Nature and Urban Walk Conditions Across Different

Baseline Depression Severity Categories Derived from the PHQ-9

Note. PHQ-9 depression symptom severity categories (Kroenke et al., 2001) are based on total scores: none/minimal (0-4), mild (5-9), moderate (10-14), and

moderately severe/severe (15-27).
None/Minimal: n = 26

Mild: n = 28

Moderate: n = 21

Moderately Severe/Severe: n = 18.

improvements in anxiety following nature (vs. urban) walk in-
terventions (Bratman et al., 2015; De Brito et al., 2019; Koselka et al.,
2019). For example, a study conducted by Koselka and colleagues
(2019) with a convenience sample of mostly university students
(n = 38; M age = 22.9 years) employed a within-subjects randomized
crossover design to assess anxiety symptoms as measured by the
State-Trait Anxiety Inventory (STAL Spielberger et al., 1970). Assess-
ments were administered before and after a series of three 50-min daily
walks in forest settings and a series of three 50-min daily walks in an
urban setting (i.e., along a busy road; Koselka et al., 2019). Their find-
ings indicated that while both forest and roadside walks yielded im-
provements in anxiety levels when compared to anxiety measurements
taken during normal daily activities, forest walks were associated with a
significantly greater reduction in anxiety symptoms than roadside
walks. However, the divergence in our findings may stem from the type
of anxiety being assessed. Evidence from a systematic review of 12
studies on the effects of nature walk interventions on depression and
anxiety found that these interventions were more effective for
improving state anxiety (i.e., feelings of anxiety triggered by specific
situations), rather than trait or generalized anxiety (i.e., a consistent,
long-term tendency to experience anxiety across various situations;
Kotera et al., 2021). The GAD-7 scale used to assess anxiety symptoms in

our study does not explicitly differentiate between these forms of anxi-
ety, whereas the majority of research supporting the anxiety-reducing
effects of nature walks has focused on state anxiety (e.g., (Bratman
et al.,, 2015; Hassan et al., 2018; Koselka et al., 2019; Song et al.,
2019), which may explain the difference in results.

Our findings did not reveal any significant difference in pre-to post-
intervention depression symptoms between walk conditions, which
contrasts with some experimental studies that have demonstrated a
positive effect of nature walks (compared to urban walks) on depression
(Korpela et al., 2016; Song et al., 2019), though this effect has not been
consistently found across the literature (Kotera et al., 2021; Lahart et al.,
2019; Wicks et al., 2022). However, post-hoc moderation analyses
showed that among participants with moderately-severe-to-severe
depressive symptoms at baseline, those who were assigned to the na-
ture walk condition experienced a significantly greater decrease in
depressive symptoms compared to those who walked in an urban
setting, with a large effect size. Although these results are exploratory
and should be interpreted cautiously, they align with other findings from
research conducted with adults with major depressive disorder. For
example, a recent RCT comprising 37 adult psychiatric outpatients
experiencing major depression showed that those who walked in nature
reported overall lower levels of negative affect compared to those who



K. Watkins-Martin et al.

walked in an urban environment (Watkins-Martin et al., 2022). These
results reinforce the notion that nature exposure might be particularly
beneficial for individuals struggling with more severe symptoms of
depression.

Overall, the current study's findings suggest that for most university
students, nature walks alone may not be sufficient to elicit substantial
benefits. While our results point to the potential of unassisted nature
walks for mitigating more severe depressive symptoms, the broader ef-
ficacy of such interventions may be limited or more context-dependent
in non-depressed populations. For example, a recent systematic review
of 92 studies (of which 28 contributed data to meta-analyses) on the
effect of nature prescriptions on mental health, nature-based in-
terventions that showed strong effects in reducing depression and anx-
iety scores were observed mainly in studies that involved social
professionals (e.g., counsellors, social workers) with an existing
connection to participants (Nguyen et al., 2023). These findings suggest
that some degree of professional input or oversight (e.g., an individu-
alized nature prescription issued by a mental health professional,
including some degree of follow-up) might be helpful to fully harness the
therapeutic potential of nature walks. While this study did not compare
guided and unguided interventions, these findings are consistent with
broader evidence that human support may improve intervention
engagement and outcomes through mechanisms such as supportive
accountability and therapeutic alliance (Baumeister et al.,, 2014;
Karyotaki et al., 2021; Mohr et al., 2011). Another recent review on the
affective benefits of nature exposure further supports the notion that
these benefits may be context-dependent, with the authors noting that
the efficacy of nature-based interventions depends on the specific
environmental and individual factors at play (Bratman et al., 2021). The
review concluded that a tailored approach to nature walking may be
necessary to achieve meaningful benefits across diverse populations
(Bratman et al., 2021). This likely reflects the complexity of the mech-
anisms underlying the psychological effects of nature exposure, which
remain only partially understood. Theoretical accounts suggest that
nature may influence mental health through multiple pathways — such
as stress recovery (Ulrich et al., 1991), attention restoration (Kaplan &
Kaplan, 1989), enhanced social cohesion and reduced exposure to
environmental stressors (Hartig et al., 2014; Markevych et al., 2017) —
the effects of which are likely shaped by both individual and contextual
factors (Bratman et al., 2021). Future research should explore custom-
ized approaches within extended nature walking interventions to better
understand and optimize their therapeutic potential across different
populations.

The current findings might also reflect a broader concern in the
literature: the lack of methodologically robust experimental designs in
studies exploring the mental health benefits of nature walking, noted by
several recent systematic reviews (Grassini, 2022; Ma et al., 2024; Wicks
et al., 2022). The vast majority of research on the benefits of nature
exposure for non-clinical populations do not utilize randomized
controlled design or pre-registration, which may have contributed to a
possible overestimation of the psychological benefits of nature walks in
non-clinical populations (Folk & Dunn, 2023). Indeed, in their system-
atic review of 53 studies examining the most recommended strategies
cited by popular media for increasing subjective wellbeing (including
the increase of positive affect and decrease of negative affect), Folk and
Dunn (2023) noted that the widely touted happiness benefits of nature
engagement relied on research constrained by important methodolog-
ical limitations, highlighting the need for more rigorous research in this
area.

To further illustrate this point, the only other pre-registered, CON-
SORT-compliant randomized controlled study specifically examining
the psychological effects of an extended nature vs. urban walk inter-
vention on university students also failed to identify the presumably
enhanced benefits of nature exposure for all students (Ma et al., 2023).
In this study, 104 university students with sleep difficulties were
randomly assigned to either a mindful nature walk or a mindful urban
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walk condition, with both groups engaging in a 35-min walk daily for
seven days. The study assessed outcomes related to mood disturbance,
sleep quality, and mindfulness at baseline and post-intervention, with
significant improvements observed across all outcomes in both groups
(Ma et al., 2023). However, no additional benefits were found for those
who walked in nature compared to those who walked in an urban
environment (Ma et al., 2023). Despite the differences in specific out-
comes and intervention duration, these findings align with those of the
present study in suggesting that in non-clinical populations, the pre-
sumed additional advantages of walking in nature (vs. urban environ-
ments) may not hold up under the scrutiny of rigorous study design.
Further high-quality, methodologically rigorous research is needed to
accurately assess whether the purported mental health benefits of nature
exposure are as substantial as previously suggested.

4.1. Strengths and limitations

To the best of our knowledge, this study is the first pragmatic ran-
domized controlled study to evaluate the effects of a four-week nature
vs. urban walking intervention on the affect and mental health of uni-
versity students, contributing to the limited body of research on the
cumulative effects of regular nature walking. The use of a randomized
design is noteworthy given the paucity of robust methodological designs
in the existing literature. Nonetheless, we acknowledge the following
limitations. The presence of more women than men participants limits
our ability to generalize our findings to male university students. The
small sample size of the study further limits the generalizability of the
findings. Although our sample size was comparable to or larger than
those used in similar nature-based intervention studies (e.g., Bratman
et al., 2015; Koselka et al., 2019), the absence of an a priori power
analysis limits the interpretation of null effects and the precision of ef-
fect size estimates. Similar to other studies examining the impact of
walking in nature on affect and mental health symptoms, we relied on
self-report measures which may have affected the accuracy of the as-
sessments. The variability in the timing (e.g., morning vs. afternoon) and
season (i.e., fall, winter, or spring) of participants' walks is similar to
other randomized controlled studies (e.g., Bratman et al., 2015; Olafs-
dottir et al., 2020) but nonetheless limits the generalizability of our
findings. Although there was no significant difference in season of
participation between the nature and urban walking groups at baseline
(p = .51, Table 2), baseline equivalence does not preclude the influence
of time-varying seasonal and environmental factors over the four-week
intervention period. Variability in photoperiod, temperature, precipi-
tation, ground conditions, and walk timing may have differentially
influenced participants' experiences and outcomes. These sources of
heterogeneity are inherent to the pragmatic design of the study,
enhancing ecological validity but limiting the extent to which causal
inferences can be isolated from contextual influences (Patsopoulos,
2011; Zwarenstein et al., 2008). Future studies could benefit from
explicitly controlling for season or restricting interventions to narrower
temporal windows. Finally, the notable attrition rate — largely attrib-
utable to participants’ academic pressures and time constraints — is
regrettable yet arguably inevitable given the demanding schedules of
university students and the extended intervention period. Future
research should investigate obstacles for university students in engaging
in such interventions. It is worth noting that the total number of drop-
outs among participants assigned to the nature condition (n = 28)
appeared to be substantially lower than that of participants assigned to
the urban condition (n = 36). However, a larger sample size would be
required in order to detect a possible statistically significant difference
in attrition.

5. Conclusion

To the best of our knowledge, this is the first pragmatic randomized
controlled study using a parallel group design to test the effects of a four-
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week nature walking intervention (vs. urban walking intervention) on
the positive and negative affect and depressive and anxiety symptoms of
university students, a group at high risk of mental health challenges.
Altogether, our findings suggest that walking in nature does not improve
affect or mental health outcomes for most university students, but could
be advantageous in alleviating symptoms for those with more severe
depressive symptoms, a possibility that should be confirmed in future
adequately powered studies. Future research should emphasize
rigorous, high-quality study designs to better understand the specific
conditions under which nature walks can be most effective in supporting
mental wellbeing.
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