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Abstract: This study investigated the acute effects of repeated walking sessions within green
and suburban environments on participants’ psychological (anxiety and mood) and cognitive
(directed-attention) outcomes. Twenty-three middle-aged adults (19 female) participated in a
non-randomized crossover study comprised of once-weekly 50-min moderate-intensity walking
sessions. Participants walked for three weeks in each of two treatment conditions: green and
suburban, separated by a two-week washout period. Eleven participants completed green walking
first and 12 suburban walking first. For each walk, we used validated psychological questionnaires
to measure pre- and post-walk scores for: (1) mood, evaluated via the Positive and Negative Affect
Schedule (PANAS); (2) anxiety, assessed by the State-Trait Anxiety Inventory (STAI-S); and (3)
directed-attention, measured using the visual Backwards Digit Span test (BDS). Repeated measures
linear mixed models assessed pre- to post-walk changes within-treatment conditions and post-walk
contrasts between-treatment conditions. Results indicated that anxiety decreased after green walking
and increased after suburban walking (−1.8 vs. +1.1 units, respectively; p = 0.001). For mood, positive
affect improved after green walking and decreased after suburban walking (+2.3 vs. −0.3 units,
respectively; p = 0.004), and negative affect decreased after green walking and remained similar after
suburban walking (−0.5 vs. 0 units, respectively; p = 0.06). Directed-attention did not improve from
pre- to post-walk for either condition. Our results suggested that green walking may be more effective
at reducing state anxiety and increasing positive affect compared to suburban walking.
Keywords: green exercise; physical activity; anxiety; mood; directed-attention

1. Introduction
Physical activity (PA) has well-established health benefits—not only physiologically, but
psychologically [1,2]. Literature indicates that regular PA participation is positively correlated with
improvements in overall mental health, wellbeing, and mood, in addition to reductions in depression,
anxiety, and stress symptomology [1,3,4]. Walking is the most popular form of moderate-intensity
PA among adults [5], with this PA modality having not only wide-reaching physiological benefits [6],
but also numerous psychological benefits. A review by Kelly and colleagues [7] noted walking’s
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robust ability to promote reduced anxiety and stress, while others highlighted walking’s ability to
improve feelings of vigor [8] and positive affect (i.e., positive mood) [9]. However, a literature gap
exists regarding how the walking setting impacts health outcomes [7].
Interaction with, and PA within nature may promote community health and wellbeing. In fact,
the American Public Health Association (APHA) released a 2013 policy statement aimed at prioritizing
access to nature-based areas and greenspace—emphasizing the need for safe walkable greenspaces
across U.S. communities to promote active lifestyles across the lifespan [10]. Indeed, evidence has
indicated that greenspace access increases the likelihood of walking participation and other forms of
PA engagement, with the potential health benefits of “green exercise” (i.e., regular or repeated PA
participation in nature-based green environments) noted [11,12]. Additionally, in 2017, the World
Health Organization summarized key benefits of urban greenspace and stated that greenspace is an
essential component for mental health and well-being [13]. Given the high prevalence of mental illness
worldwide and the reduced greenspace accessibility in urban areas [13,14], research evaluating how
access to greenspace can improve mental health and well-being has increased.
Empirical research has indeed suggested that exposure to, or exercise within natural environments
improves several health outcomes in adults—physiologically and, of greater pertinence to our
investigation, psychologically [15–22]. Among prior green exercise studies which have compared
green exercise to other environments (e.g., indoor exercise), these investigations have suggested that
not only does green exercise appear to promote greater physiological benefits in healthy adults (e.g.,
greater systolic blood pressure reductions), but may also lead to larger improvements in multiple
psychological health outcomes (e.g., mood, well-being) [23–25].
Greater improvements in focus and directed-attention (i.e., cognitive ability to avoid being
distracted by competing stimuli) [26] have also been reported after green exercise relative to indoor
exercise [24]. Some theories have been proposed to support these findings and to explain how the
natural environment affects cognitive capabilities. For instance, the Attention Restoration Theory states
that nature-based interactions allow an individual to rest the neurocognitive inhibitory mechanism
which filters out irrelevant stimuli when we are required to focus on specific tasks (e.g., work) [27]. This
‘neurocognitive rest period’ is posited to allow one to better adapt to various subsequent life stressors
(e.g., work demands, family responsibilities) [27,28]. Additionally, the Stress Recovery Theory posits
that exposure to restorative environments produces a more relaxed and positive emotional state thus
fostering recovery from stress [29]. Beyond the benefits conferred by PA completed in other settings
(e.g., indoors) and green exercise’s noted psychological benefits, green exercise may therefore possess
restorative characteristics which improve cognition and enhance an individual’s ability to destress
and subsequently adapt to life stressors [17]. Few studies, however, have concurrently examined the
effect of repeated walking sessions conducted in a green environment (i.e., nature-based) relative to
another outdoor environment on acute psychological (e.g., anxiety, mood) and cognitive outcomes
(e.g., directed-attention) in healthy adults. Therefore, to better understand the role of walking in
outdoor environments for enhanced psychological and cognitive outcomes, it is important to elucidate
whether walking in outdoor green environments promotes greater psychological and cognitive benefits
beyond that expected from walking in other outdoor environments where adults are likely to walk
(e.g., suburban environments near their place of residence).
Other limitations of the current green exercise literature are important to note. First, most previous
studies have employed cross-sectional designs investigating single exercise bouts in small samples,
consisting, most frequently, of university students, thus limiting generalizability to other groups [30,31].
Given the emerging nature of the green exercise field, stronger experimental designs for assessing
intervention efficacy are needed. A crossover study design offers advantages relative to traditional
parallel trials when studying the efficacy of novel intervention methods (e.g., interaction effects of a
physical activity intervention on environmental exposures). These advantages include the improved
precision of study observations as each participant serves as his/her own control and the improved
statistical power conferred by this design—even in smaller samples [32]. Second, previous studies
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have often compared green exercise to exercise performed in indoor settings [24,33,34]. A recent review
noted that due to methodological issues and inconsistencies across studies, there is limited evidence
to support the idea that green exercise promotes greater benefits relative to exercises performed in
other environments (i.e., without the presence of nature) [35]. Third, and relatedly, few studies have
compared green exercise to exercise completed in outdoor suburban or urban locations [36,37]. This
latter point is important and aligns with the APHA’s 2013 greenspace conservation policy statement
in addition to two reviews which have cited the need to study how regular walking completed in
different settings might differentially influence psychological and cognitive health outcomes [7,38].
Therefore, rigorously comparing psychological and cognitive outcomes between repeated bouts of
green walking and walking completed in outdoor suburban/urban locations is important and may
have policy-level implications.
In a sample of middle-aged adults, this study’s purpose was to investigate the acute pre- to
post-effects of repeated walking sessions completed in a green environment (hereafter referred to as
“green walking”) compared to walking in a suburban environment (hereafter referred to as “suburban
walking”) on measures of (1) state anxiety; (2) mood (i.e., positive and negative affect); and (3)
directed-attention. Using a crossover design, it was hypothesized that relative to repeated bouts of
suburban walking, repeated bouts of green walking would demonstrate: (1) greater decreases in state
anxiety scores; (2) larger improvements in mood scores (i.e., greater increases in positive affect and
decreases in negative affect); and (3) greater improvements in directed-attention scores post-walk.
2. Materials and Methods
2.1. Participants
Following ethical approval by the University of Minnesota Institutional Review Board (IRB)
and ClinicalTrials.gov registration (NCT03442998), a convenience sample of 24 (20 females) healthy
middle-aged adults (mean ± SD: 49.3 ± 6.7 years) was recruited, provided informed consent, and
enrolled in our study. Data from 23 participants encompassed the final analytical sample (see details in
the Results section). Participants were recruited via electronic advertisements and met the following
inclusion criteria: (1) aged 35–59 years; (2) no contraindications to regular moderate-intensity walking;
(3) no chronic disease diagnosis and not taking medication for any chronic disease (e.g., cardiovascular
disease, diabetes, hypertension); (4) no antidepressant or anti-anxiety medication use; and (5) currently
not exceeding PA guidelines (i.e., ≥150 min/week) [39]. Participants were compensated up to $200.00
US for study participation. Participant consent was obtained at the baseline visit, with all participant
procedures performed in accordance with the ethical standards of the University IRB and with the
1964 Helsinki Declaration and its later amendments [40].
2.2. Study Design
The present study was a 9-week crossover trial during which all participants were exposed to two
treatment conditions: (1) green walking and (2) suburban walking. Participants visited each location
(i.e., green and suburban) once-weekly for three consecutive weeks, on the same day and time, with a
two-week washout period in between treatment conditions (Figure 1). Due to limited study resources,
simultaneous participant randomization to the two conditions was not possible. Therefore, the first
12 participants recruited were assigned to the following treatment sequence: green walking then
suburban walking; the next 12 participants recruited were assigned the opposite treatment sequence:
suburban walking then green walking. Regardless of treatment sequence, participants walked in both
treatment conditions.
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2.3. Environmental Settings
2.3. Environmental Settings
Green walking took place on the Wood Duck Trail of the Minnesota Landscape Arboretum (MLA),
Green walking took place on the Wood Duck Trail of the Minnesota Landscape Arboretum
located 40 kilometers southwest from Minneapolis, MN. This unpaved trail features secluded areas
(MLA), located 40 kilometers southwest from Minneapolis, MN. This unpaved trail features secluded
surrounded by large trees as well as open views of grassland areas and a pond. The MLA is part
areas surrounded by large trees as well as open views of grassland areas and a pond. The MLA is
of the University of Minnesota College of Food, Agricultural and Natural Resource Science and has
part of the University of Minnesota College of Food, Agricultural and Natural Resource Science and
more than 1200 acres of gardens and prairies in addition to several kilometers of trails. We chose the
has more than 1200 acres of gardens and prairies in addition to several kilometers of trails. We chose
MLA because of the richness in vegetation and greenness. Suburban walks occurred approximately
the MLA because of the richness in vegetation and greenness. Suburban walks occurred
three kilometers away from the MLA’s trail on paved sidewalks adjacent to medium traffic roads
approximately three kilometers away from the MLA’s trail on paved sidewalks adjacent to medium
located within a medium-density residential development area (town population of ~27,000 residents).
traffic roads located within a medium-density residential development area (town population of
Importantly, the trail and sidewalks had minimal inclination.
~27,000 residents). Importantly, the trail and sidewalks had minimal inclination.
2.4. Measures
2.4. Measures
2.4.1. Demographics
2.4.1. Demographics
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Height was assessed to the nearest 0.1 centimeter using a Seca stadiometer (model
Hamburg,
Germany).
437; Seca, Hamburg, Germany).
2.4.2. Outcome Measures
2.4.2. Outcome Measures
Psychometrically-validated questionnaires were administrated individually to participants before
Psychometrically-validated
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individually
to participants
and after
each walk using an electronic
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research
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research assistants loaded unique participant identifiers into an online Qualtrics survey portal
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Provo, UT) which stored participants’ questionnaire responses—allowing for later data download
and analysis. Each questionnaire (reviewed below) was accompanied by detailed instructions, with a
research assistant available to answer participants’ additional questions. Combined, these measures
took approximately 15 min to complete.
State anxiety. The 20-item state anxiety subscale of the State-Trait Anxiety Inventory (STAI)
assessed participant’s anxiety [41]. Participants were questioned about current anxiety-related feelings
such as “I am tense; I am worried” and “I feel comfortable; I am relaxed” and responded on a 4-point
Likert-type scale (1: not at all; 4: frequently so). The items on the subscale were summed, with
higher scores indicating greater state anxiety (subscale score range: 10 to 40). Notably, the STAI
possesses good internal consistency (Cronbach’s α = 0.86–0.95) and adequate test-retest reliability
(ICCs = 0.65–0.75) [41].
Mood. Mood assessments were completed via the 20-item Positive and Negative Affect Schedule
(PANAS) [42]. This measure presented participants with 20 different adjectives (e.g., interested, upset),
with ten positive and ten negative affect descriptors comprising the positive affect and negative affect
subscales, respectively. Using a 5-point Likert-type scale (1: very slightly or not at all; 5: extremely), the
PANAS assessed to what extent the participant currently felt the listed positive or negative emotion.
Scores for the positive and negative affect scales were summed (range 10–50), with higher scores on both
subscales representing higher positive and negative mood, respectively. Watson et al. [42] reported good
internal consistency for the positive affect (Cronbach α = 0.86–0.90) and the negative affect (Cronbach
α = 0.84–0.87) subscales. Similarly, test-retest reliability correlations have been documented as adequate
for the positive affect (ICCs = 0.47–0.68) and the negative affect (ICCs = 0.39–0.71) subscales [42].
Directed-attention. Directed-attention was assessed by the visual Backward Digit Span task
(BDS) [43]. The BDS required participants to view a random sequence of numbers and, upon these
numbers’ disappearance, type these numbers back into the tablet in a backwards sequence from
what they initially appeared. The first sequence seen contained three numbers, and sequence length
increased up to nine numbers, with two sequences of each length (i.e., 14 sequences total). For each
correctly typed backwards sequence, participants received one point. Scores on the BDS task range
from 0–14, with larger scores indicating greater attentional capacity.
2.4.3. Procedures
Upon arrival at each walking location, participants were given a tablet to first complete the visual
BDS task, after which the two psychological questionnaires were completed in the following order:
(1) STAI and (2) PANAS. Once participants finished all questionnaires, participants were handed a
stopwatch to time their walks as the use of any smartphones and/or smart device (e.g., smartwatch) was
prohibited until the end of each visit. Participants were scheduled in a staggered manner that ensured
they were walking alone and uninterrupted throughout the 50-min walk. This format also allowed
participants to be observant of their environment (e.g., wildlife, road traffic), without the presence of
another participant confounding study observations. We asked participants to stop only if needed (e.g.,
at road intersections, to tie an untied shoe) and although walking intensity was participant-determined,
jogging and/or running were discouraged. Upon returning from each walk, participants were asked
once again to complete the visual BDS task and the psychological questionnaires in the same order
as before the walk. Following three weeks of once-weekly walking in the first condition (i.e., either
green or suburban), participants had a two-week washout period before initiating three weeks of
once-weekly walking in the second condition. Again, we administered all psychological and cognitive
assessments to participants before and after each walking session in each condition to ensure our
ability to assess acute changes in state anxiety, mood and directed-attention.
2.4.4. Statistical Analysis
Prior to inferential data analyses, we first inspected all data for potential data recording/entry errors.
After calculating scores for each psychological and cognitive outcome per the questionnaire-specific
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scoring methods, we performed normality testing—examining these data visually as well as via
skewness/kurtosis values and associated Shapiro–Wilk statistics.
For the main analyses, a repeated measures linear mixed models approach using PROC MIXED
in SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used to analyze the data from this crossover
study. All pre- and post-walk data from each of the three consecutive weeks by condition (i.e., either
green or suburban) were used in the analyses. We modeled separately repeated pre- and post-walk
scores for state anxiety, mood, and directed-attention as well as repeated pre- to post-walk score changes
as dependent variables. Treatment, period, and sequence were modeled as independent variables. We
entered participant, treatment (green vs. suburban), sequence (green then suburban vs. suburban
then green), time (walk week), and period into the models as categorical fixed variables. Period was
included in the models because we did not randomize participants into a treatment sequence [44].
Analyses of the visual BDS scores were adjusted for participants’ baseline visual BDS score to control for
the influence of any learned effect from the repeated administration of the visual BDS task. We nested
participants within sequence as a random effect to control for variation in psychological outcomes
scores between participants within different treatment sequences. A compound-symmetry structure
was chosen to model correlations between repeated measurements over time as it demonstrated the
smallest Akaike information criterion (AIC) value. Differences between conditions were evaluated
using Tukey-adjusted least-squared means with a 95% confidence interval (CI). Lastly, we assumed no
carryover effect would be observed given the nature of the intervention, the fact the intervention was
only once-weekly, and that a two-week washout period was employed between treatment conditions.
No formal sample size and power calculations were undertaken given this was a pilot study, with
the objective of assessing intervention trends in outcome measures and feasibility. Therefore, a total
analytical sample size of 23 was considered adequate as suggested in previous literature [45].
3. Results
Figure 2 shows a modified CONSORT participant flow diagram. One participant was excluded
from analyses because he/she dropped out after signing the consent form and therefore did not contribute
any outcomes data to the study. A second participant discontinued during the washout period for
reasons unrelated to the study. This participant was included in the analyses per intention-to-treat
(ITT) protocol suggested by the CONSORT guidelines [46]. Demographic characteristics from these
participants
were
similar
study
Int. J. Environ. Res.
Public
Health to
2019,
16, x completers.
7 of 13

Figure 2.
2. CONSORT
CONSORT flow diagram—modified for non-randomized crossover trial design.
Figure

Table 1 presents participants’ selected baseline demographic and anthropometric characteristics.
On average, the sample was comprised mostly of middle-aged females, who were obese and had
college or some college-level education. Table 2 presents pre- and post-walk mean scores for the
psychological questionnaires and visual BDS task, in addition to the between condition contrast at
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Table 1 presents participants’ selected baseline demographic and anthropometric characteristics.
On average, the sample was comprised mostly of middle-aged females, who were obese and had
college or some college-level education. Table 2 presents pre- and post-walk mean scores for the
psychological questionnaires and visual BDS task, in addition to the between condition contrast at the
post-walk assessment.
Table 1. Selected baseline demographic and anthropometric characteristics of participants included in
the analytical sample.
Characteristics

All (n = 23)

Age, mean ± SD, year
Female, n (%)
Education, n (%)
College/Some college
Graduate level
Income, n (%) *
<49,000
50,000–99,999
100,000 or more
Exercise, mean ± SD, days/week
BMI, mean ± SD, kg/m2
Body fat percentage, mean ± SD

49.7 ± 6.5
19 (83)
17 (74)
6 (26)
4 (19)
8 (38)
9 (43)
1.7 ± 0.6
31.0 ± 7.9
38.4 (10.1)

Abbreviations: Physical activity, PA; body mass index, BMI; kilograms/meter squared, kg/m2 . * Missing data were
not considered in determining percentages (two missing).

Table 2. Pre- and post-walk mean scores, and post-walk contrasts between-treatment conditions for
psychological and cognitive outcome measures by green and suburban conditions (n = 23).
Green
Outcome Measures

Pre-Walk

Suburban

Post-Walk

mean ± SE
a

STAI-S
PANAS b
Positive Affect
Negative Affect
BDS c

Pre-Walk

Post-Walk

mean ± SE

Between Condition
Contrast
mean (95% CI)

30.0 ± 1.4

28.2 ± 1.6

29.5 ± 1.4

30.6 ± 1.6

−2.5 (−4.5, −0.5)

35.3 ± 1.5
11.5 ± 0.6
6.5 ± 0.4

37.6 ± 1.6 *
11.0 ± 0.4 †
6.4 ± 0.4

35.9 ± 1.5
11.7 ± 0.6
6.6 ± 0.4

35.6 ± 1.5
11.7 ± 0.4
6.5 ± 0.4

2.0 (0.2, 3.9)
−0.7 (−1.4, 0.04)
−0.1 (−0.8, 0.5)

Notes. a STAI-S (anxiety): range 10–40, higher scores = greater anxiety; b PANAS (Positive Affect and Negative
Affect): range 10–50, higher scores on positive and negative affect = higher positive or negative emotional states,
respectively; c BDS (directed-attention): range 0–14, higher scores = higher directed-attention; within-condition, preto post-walk mean score changes: * p = 0.003, † p = 0.04.

Anxiety. Pre-walk mean anxiety scores were similar between conditions (p = 0.6). Results revealed
lower mean anxiety scores post-green walking sessions compared to post-suburban walking sessions
(−2.5, 95% CI (−4.5, −0.5); p = 0.02).
Mood. Pre-walk mean positive affect and negative affect scores were similar between conditions
(p = 0.5 and p = 0.6, respectively). Mean positive affect scores were higher post-green walking sessions
relative to post-suburban walking sessions (2.0, 95% CI (0.2, 3.9); p = 0.03). Further, although mean
negative affect scores were somewhat lower post-green walking sessions relative to post-suburban
walking sessions, the post-walk mean negative affect scores remained similar between conditions (−0.7,
95% CI (−1.4, 0.04); p = 0.07).
Directed-attention. Pre-walk mean directed-attention scores were similar between conditions
(p = 0.6). After adjustment for a potential learned effect, results indicated similar directed-attention
scores for post-walk sessions between the green and suburban walking conditions (−0.1, 95% CI (−0.8,
0.5); p = 0.6).

Int. J. Environ. Res. Public Health 2019, 16, 2894

8 of 12

4. Discussion
This study’s purpose was to examine acute changes pre- to post-walk for anxiety, mood, and
directed-attention between repeated walking sessions in a green environment compared to a suburban
environment. Results suggested that green walking reduced state anxiety and improved positive affect
better than suburban walking, with green walking eliciting somewhat greater reductions in negative
affect versus suburban walking. Directed-attention did not seem to benefit from either green walking
or suburban walking in this sample.
Consistent with our first hypothesis, greater reductions in state anxiety were observed after green
walking versus suburban walking. Further, the larger improvements in positive and negative affect
seen after green walking relative to suburban walking were aligned with our second hypothesis. While
the psychological benefits of PA, including improvements in overall mental health, well-being, and
cognitive abilities [47–49] are better understood, previous studies have hypothesized that additional
psychological benefits might be gained when performing green exercise as green environments may
have restorative effects capable of eliciting greater anxiety reductions and mood improvements than
environments with lesser degrees of greenspace [50]. Among studies which have investigated the
effect of green walking on anxiety and mood, these studies have largely indicated improvements in
aforementioned and hypothesized directions [51–56]—consistent with this study’s observations. In
fact, past studies demonstrated that greater improvements on anxiety and/or mood can be promoted
by simply exposing participants to views of nature [16,17,57] relative to exposure to urban views.
Although the comparison groups for several of these studies included urban environments as opposed
to suburban environments like that of our study, our observations contribute to this literature by
comparing how these outcomes differed between a green environment and an environment within
which an individual might walk more frequently for exercise (e.g., on a suburban sidewalk near their
residence). Specifically, the current study suggested that regular green walking may have greater
beneficial effects on psychological outcomes (e.g., anxiety and mood) beyond that observed when
completing regular walks in suburban environments.
As a majority (52%) of Americans live in suburban areas [58], future well-powered studies are
encouraged to compare the psychological benefits of regular green walking relative to suburban
walking, with the objective being to discern what real-world land use policy changes might benefit
the health of these communities. For example, these studies could seek to provide evidence of how
improving the access of suburban communities to recreational parks or forests improves psychological
(and physiological) health. Further study is also warranted to understand what green environment
characteristics (e.g., less air and noise pollution) most improve acute anxiety and mood indices after
walking exercise, and how these characteristics may also maximize well-established physiological
health benefits of PA, like reduced blood pressure, improved weight maintenance, and cardiovascular
disease prevention [39].
Greater improvements in attention during green walking compared to suburban walking were not
observed—unsupportive of our final hypothesis. It is noteworthy, however, that these observations are
aligned with other studies that did not find green walking to elicit greater attention restoration relative
to walking in an urban environment. Specifically, Hartig and colleagues [51] reported that walking
in green environments did not improve post-walk memory task performance compared to walking
in an urban environment. Similarly, other studies reported no performance improvements pre- to
post-walk on the digit span test after nature walks compared to walks in an urban environment [9,59,60].
Conversely, Berman et al. [17] reported that green walking improved attention (i.e., had a restorative
effect on attentional capacity) relative to walking in urban environments. A potential explanation as to
why our observations and most other literature differed from that of Berman and colleagues [17] may
be due to the fact participants in these researchers’ study were exposed not only to the BDS task, but
also to a fatigue-inducing task of approximately 35 min in duration prior to the walk. These researchers
hypothesized that exposure to the fatigue-inducing task might have increased participants’ sensitivity
to the restorative effects of the green environment during the walk [17]. Given these inconsistent
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findings, more research is needed to elucidate if exposure to, or exercise within green environments
would elicit greater potential for attention restoration relative to suburban (or urban) environments.
This pilot study has strengths and limitations. The main strengths include: (1) the use of a
crossover design with proper washout period, which increases statistical precision and power among
smaller samples, and reduces the chances of carryover effects, respectively; and (2) implementation of
a PA modality completed at intensity and frequency easily achieved by most individuals regardless of
physical fitness—thereby increasing study observations’ generalizability. However, several limitations
to this study warrant specific mention. First, due to resource limitations, simultaneous random
assignment to treatment sequence was not possible. Although this could make the study susceptible to
confounding factors that could lead to biased estimates, this is less of a concern for studies employing
crossover designs because each participant serves as his/her own control—which increases statistical
precision when estimating treatment effects [32]. Second, anxiety, mood, and directed-attention were
all measured using self-report questionnaires, with no proxy physiological measures of these outcomes
reported concurrently. Third, following study completion, we noticed that one of the 4-point Likert-type
scale responses for the STAI state questionnaire was inadvertently listed as “frequently so” instead of
the original “very much so”. While we do not believe this to be the case, this unintentional mistake
could have led to measurement error. Fourth, although we do not believe that participants interacted
with others during these walks, we cannot rule out these behaviors. However, it is worth noting
that there was low foot traffic on the trails/sidewalks during the weekdays on which the walks were
conducted and, further, that we staggered participant start times to ensure all walks were completed
alone. Fifth, although promising, these preliminary results should be interpreted in the context of a
pilot study and need to be further examined in larger experimental studies. Finally, this pilot study
used a homogenous convenience sample —comprised of mostly college-educated healthy women of
middle- to high-income from a single geographic area. Thus, this study has limited generalizability.
Future studies should aim to recruit more diverse and high-risk participants, and from multiple
geographic locations.
5. Conclusions
This pilot study assessed the acute effects of regular walking sessions in different outdoor
environments (i.e., green and suburban) on psychological and cognitive outcomes using a crossover
design in a sample of adults. Study observations contribute to current green exercise research by
demonstrating the potentially greater beneficial effects of repeated green walking sessions on state
anxiety and positive affect compared to walking sessions completed in more suburban environments.
However, observations did not convincingly suggest that green walking promoted greater beneficial
outcomes for attention restoration relative to suburban walking. Nonetheless, future larger, more
generalizable, and methodologically rigorous studies comparing the differential acute and chronic
effects of green walking to that of walking in suburban or urban areas are warranted to continue
addressing the noted literature gaps [7,38] and calls for greenspace conservation [10]. Indeed, if
methodologically rigorous studies of green walking can continue to compellingly demonstrate that PA
in green environments can promote greater psychological wellness and simultaneously contribute to
improved physiological health, regular green walking might be more frequently prescribed by health
professionals for adults as an alternative/holistic approach for the prevention and treatment of diseases
and to improve health outcomes.
Author Contributions: J.N.d.B. conducted research, analyzed data, and wrote manuscript. Z.C.P. assisted in
conducting research and wrote manuscript. J.N.d.B., I.E.S., J.M.L., T.H.H. and M.A.P. designed research protocol.
M.A.P. critically revised the manuscript. Z.C.P. and N.R.M. assisted on data analyses. All authors reviewed and
approved the final manuscript.
Funding: Study supported by the University of Minnesota Office of the Vice President for Research’s Grant-in-Aid
Program (PI: M.A.P.). The HRSA Maternal and Child Health Bureau provided support for the training of J.N.d.B.
(Grant No. 5 T79MC00007-31-00). The National Heart, Lung, and Blood Institute provided support for the training
of Z.C.P. via T32HL007779.

Int. J. Environ. Res. Public Health 2019, 16, 2894

10 of 12

Acknowledgments: The authors would like to thank all study participants for their time and the research assistant
Sarah Seidl for her dedication.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

Penedo, F.J.; Dahn, J.R. Exercise and Well-being: A review of mental and physical health benefits associated
with physical activity. Curr. Opin. Psychiatry 2005, 18, 189–193. [CrossRef] [PubMed]
Fox, K.R. The influence of physical activity on mental well-being. Public Health Nutr. 1999, 2, 411–418.
[CrossRef] [PubMed]
Scully, D. Physical exercise and psychological well being: A critical review. Br. J. Sports Med. 1998, 32,
111–120. [CrossRef] [PubMed]
Mikkelsen, K.; Stojanovska, L.; Polenakovic, M.; Bosevski, M.; Apostolopoulos, V. Exercise and mental health.
Maturitas 2017, 106, 48–56. [CrossRef] [PubMed]
Bureau of Labor Statistics. The Economics Daily: Sports and Exercise among Americans. Available online:
https://www.bls.gov/opub/ted/2016/sports-and-exercise-among-americans.htm (accessed on 22 April 2019).
Moore, S.C.; Patel, A.V.; Matthews, C.E.; Berrington de Gonzalez, A.; Park, Y.; Katki, H.A.; Linet, M.S.;
Weiderpass, E.; Visvanathan, K.; Helzlsouer, K.J.; et al. Leisure time physical activity of moderate to vigorous
intensity and mortality: A large pooled cohort analysis. PLoS Med. 2012, 9, e1001335. [CrossRef] [PubMed]
Kelly, P.; Williamson, C.; Niven, A.G.; Hunter, R.; Mutrie, N.; Richards, J. Walking on sunshine: Scoping
review of the evidence for walking and mental health. Br. J. Sports Med. 2018, 52, 800–806. [CrossRef]
Hansen, C.J.; Stevens, L.C.; Coast, J.R. Exercise duration and mood state: How much is enough to feel better?
Health Psychol. 2001, 20, 267–275. [CrossRef]
Fuegen, K.; Breitenbecher, K.H. Walking and Being Outdoors in Nature Increase Positive Affect and Energy.
Ecopsychology 2018, 10, 14–25. [CrossRef]
APHA. Policy Statement: Improving Health and Wellness through Access to Nature; American Public Health
Association: Washington, DC, USA, 2013.
Giles-Corti, B.; Broomhall, M.H.; Knuiman, M.; Collins, C.; Douglas, K.; Ng, K.; Lange, A.; Donovan, R.J.
Increasing walking: How important is distance to, attractiveness, and size of public open space? Am. J. Prev.
Med. 2005, 28, 169–176. [CrossRef]
Pretty, J.; Griffin, M.; Sellens, M.; Pretty, C. Green exercise: Complementary roles of nature, exercise and diet
in physical and emotional well-being and implications for public health policy. CES Occas. Pap. Univ. Essex
2003, 1, 1–39.
World Health Organization Regional Office. World Health Organization Regional Office for Europe Urban Green
Space and Health: Intervention Impacts and Effectiveness; WHO Regional Office for Europe: Bonn, Germany,
2017.
World Health Organization. Mental Disorders; World Health Organization: Geneva, Switzerland, 2018.
Marselle, M.R.; Irvine, K.N.; Warber, S.L. Examining group walks in nature and multiple aspects of well-being:
A large-scale study. Ecopsychology 2014, 6, 134–147.
Gamble, K.R.; Howard, J.H.; Howard, D.V. Not just scenery: Viewing nature pictures improves executive
attention in older adults. Exp. Aging Res. 2014, 40, 513–530. [CrossRef]
Berman, M.G.; Jonides, J.; Kaplan, S. The cognitive benefits of interacting with nature. Psychol. Sci. 2008, 19,
1207–1212. [CrossRef]
Lee, J.; Park, B.J.; Tsunetsugu, Y.; Ohira, T.; Kagawa, T.; Miyazaki, Y. Effect of forest bathing on physiological
and psychological responses in young Japanese male subjects. Public Health 2011, 125, 93–100. [CrossRef]
Keniger, L.E.; Gaston, K.J.; Irvine, K.N.; Fuller, R.A. What are the benefits of interacting with nature? Int. J.
Enviorn. Res. Public Health 2013, 10, 913–935. [CrossRef]
Zelenski, J.M.; Nisbet, E.K. Happiness and feeling connected: The distinct role of nature relatedness. Environ.
Behav. 2014, 46, 3–23. [CrossRef]
Rogerson, M.; Brown, D.K.; Sandercock, G.; Wooller, J.J.; Barton, J. A comparison of four typical green
exercise environments and prediction of psychological health outcomes. Perspect. Public Health 2016, 136,
171–180. [CrossRef]

Int. J. Environ. Res. Public Health 2019, 16, 2894

22.

23.
24.
25.

26.

27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44.
45.

11 of 12

Lanki, T.; Siponen, T.; Ojala, A.; Korpela, K.; Pennanen, A.; Tiittanen, P.; Tsunetsugu, Y.; Kagawa, T.;
Tyrväinen, L. Acute effects of visits to urban green environments on cardiovascular physiology in women: A
field experiment. Environ. Res. 2017, 159, 176–185. [CrossRef]
Hug, S.M.; Hartig, T.; Hansmann, R.; Seeland, K.; Hornung, R. Restorative qualities of indoor and outdoor
exercise settings as predictors of exercise frequency. Health Place 2009, 15, 971–980. [CrossRef]
Hug, S.M.; Hansmann, R.; Monn, C.; Krütli, P.; Seeland, K. Restorative effects of physical activity in forests
and indoor settings. Int. J. Fit. 2008, 4, 25–37.
Rogerson, M.; Gladwell, V.F.; Gallagher, D.J.; Barton, J.L. Influences of Green Outdoors versus Indoors
Environmental Settings on Psychological and Social Outcomes of Controlled Exercise. Int. J. Environ. Res.
Public Health 2016, 13, 363. [CrossRef]
Finley, E.P.; Bollinger, M.; Noël, P.H.; Amuan, M.E.; Copeland, L.A.; Pugh, J.A.; Dassori, A.; Palmer, R.;
Bryan, C.; Pugh, M.J.V. A national cohort study of the association between the polytrauma clinical triad and
suicide-related behavior among us veterans who served in Iraq and Afghanistan. Am. J. Public Health 2015,
105, 380–387. [CrossRef]
Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15,
169–182. [CrossRef]
Kaplan, S. Meditation, restoration, and the management of mental fatigue. Environ. Behav. 2001, 33, 480–506.
[CrossRef]
Ulrich, R.S.; Simonst, R.F.; Lositot, B.D.; Fioritot, E.; Milest, M.A.; Zelson, M. Stress recovery during exposure
to natural and urban environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]
Barton, J.; Pretty, J. What is the best dose of nature and green exercise for improving mental health? A multi
study analysis. Environ. Sci. Technol. 2010, 44, 3947–3955. [CrossRef]
Corazon, S.S.; Sidenius, U.; Poulsen, D.V.; Gramkow, M.C.; Stigsdotter, U.K. Psycho-physiological stress
recovery in outdoor nature-based interventions: A systematic review of the past eight years of research. Int.
J. Environ. Res. Public Health 2019, 16, 1711. [CrossRef]
Weiss, N. Clinical Epidemiology. In Modern Epidemiology; Lippincott Williams & Wilkins: Philadelphia, PA,
USA, 2008; pp. 641–651.
Teas, J.; Hurley, T.; Ghumare, S.; Ogoussan, K. Walking outside improves mood for healthy postmenopausal
women. Clin. Med. Oncol. 2007, 1, 35–43. [CrossRef]
Focht, B.C. Brief walks in outdoor and laboratory environments: Effects on affective responses, enjoyment,
and intentions to walk for exercise. Res. Q. Exerc. Sport 2009, 80, 611–620. [CrossRef]
Lahart, I.; Darcy, P.; Gidlow, C.; Calogiuri, G. The effects of green exercise on physical and mental wellbeing:
A systematic review. Int. J. Environ. Res. Public Health 2019, 16, 1352. [CrossRef]
Song, C.; Ikei, H.; Kagawa, T.; Miyazaki, Y. Effects of walking in a forest on young women. Int. J. Environ.
Res. Public Health 2019, 16, 229. [CrossRef]
Tyrväinen, L.; Ojala, A.; Korpela, K.; Lanki, T.; Tsunetsugu, Y.; Kagawa, T. The influence of urban green
environments on stress relief measures: A field experiment. J. Environ. Psychol. 2014, 38, 1–9. [CrossRef]
Thompson Coon, J.; Boddy, K.; Stein, K.; Whear, R.; Barton, J.; Depledge, M.H. Does participating in physical
activity in outdoor natural environments have a greater effect on physical and mental wellbeing than physical
activity indoors? A systematic review. Environ. Sci. Technol. 2011, 45, 1761–1772. [CrossRef]
U.S. Department of Health and Human Services. Physical Activity Guidelines for Americans, 2nd ed.; USA
Department of Health and Human Services: Wasington, DC, USA, 2018.
World Medical Association. World medical association declaration of Helsinki: Ethical principles for medical
research involving human subjects. JAMA 2013, 310, 2191–2194. [CrossRef]
Spielberger, C.D.; Gorsuch, R.L.; Lushene, R.; Vagg, P.R.; Jacobs, G.A. Manual for State-Trait Anxiety Inventory:
STAI (Form Y); Consulting Psychologists Press: Palo Alto, CA, USA, 1983.
Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative
affect: The PANAS scales. J. Personal. Soc. Psychol. 1988, 54, 1063–1070. [CrossRef]
Wechsler, D. A standardized memory scale for clinical use. J. Psychol. 1945, 19, 87–95. [CrossRef]
Senn, S. Cross-Over Trials in Clinical Research; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2002;
ISBN 9780471496533.
Julious, S.A. Sample size of 12 per group rule of thumb for a pilot study. Pharm. Stat. 2005, 4, 287–291.
[CrossRef]

Int. J. Environ. Res. Public Health 2019, 16, 2894

46.
47.
48.
49.
50.
51.
52.
53.

54.

55.

56.

57.
58.
59.
60.

12 of 12

Schulz, K.F.; Altman, D.G.; Moher, D. CONSORT 2010 statement: Updated guidelines for reporting parallel
group randomised trials. BMC Med. 2010, 8, 18. [CrossRef]
Cassilhas, R.C.; Viana, V.A.R.; Grassmann, V.; Santos, R.T.; Santos, R.F.; Tufik, S.; Mello, M.T. The impact of
resistance exercise on the cognitive function of the elderly. Med. Sci. Sports Exerc. 2007, 39, 1401. [CrossRef]
Hogan, C.L.; Mata, J.; Carstensen, L.L. Exercise holds immediate benefits for affect and cognition in younger
and older adults. Psychol. Aging 2013, 28, 587–594. [CrossRef]
Reed, J.; Ones, D.S. The effect of acute aerobic exercise on positive activated affect: A meta-analysis. Psychol.
Sport Exerc. 2006, 7, 477–514. [CrossRef]
Mitchell, R. Is physical activity in natural environments better for mental health than physical activity in
other environments? Soc. Sci. Med. 2013, 91, 130–134. [CrossRef]
Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Gärling, T. Tracking restoration in natural and urban field
settings. J. Environ. Psychol. 2003, 23, 109–123. [CrossRef]
Mackay, G.J.; Neill, J.T. The effect of “green exercise” on state anxiety and the role of exercise duration,
intensity, and greenness: A quasi-experimental study. Psychol. Sport Exerc. 2010, 11, 238–245. [CrossRef]
Park, B.J.; Tsunetsugu, Y.; Kasetani, T.; Kagawa, T.; Miyazaki, Y. The physiological effects of Shinrin-yoku
(taking in the forest atmosphere or forest bathing): Evidence from field experiments in 24 forests across
Japan. Environ. Health Prev. Med. 2009, 15, 18–26. [CrossRef]
Pretty, J.; Peacock, J.; Hine, R.; Sellens, M.; South, N.; Griffin, M. Green exercise in the UK countryside: Effects
on health and psychological well-being, and implications for policy and planning. J. Environ. Plan. Manag.
2007, 50, 211–231. [CrossRef]
Gidlow, C.J.; Jones, M.V.; Hurst, G.; Masterson, D.; Clark-Carter, D.; Tarvainen, M.P.; Smith, G.;
Nieuwenhuijsen, M. Where to put your best foot forward: Psycho-physiological responses to walking in
natural and urban environments. J. Environ. Psychol. 2016, 45, 22–29. [CrossRef]
Berman, M.G.; Kross, E.; Krpan, K.M.; Askren, M.K.; Burson, A.; Deldin, P.J.; Kaplan, S.; Sherdell, L.;
Gotlib, I.H.; Jonides, J. Interacting with nature improves cognition and affect for individuals with depression.
J. Affect. Disord. 2012, 140, 300–305. [CrossRef]
Brown, D.K.; Barton, J.L.; Gladwell, V.F. Viewing nature scenes positively affects recovery of autonomic
function following acute-mental stress. Environ. Sci. Technol. 2013, 47, 5562–5569. [CrossRef]
USA Census Bureau. American Housing Survey (AHS); USA Census Bureau: Hutland, MD, USA, 2017.
Bratman, G.N.; Hamilton, J.P.; Hahn, K.S.; Daily, G.C.; Gross, J.J. Nature experience reduces rumination and
subgenual prefrontal cortex activation. Proc. Natl. Acad. Sci. USA 2015, 112, 8567–8572. [CrossRef]
Perkins, S.; Searight, H.R.; Ratwik, S. Walking in a natural winter setting to relieve attention fatigue: A pilot
study. Psychology 2011, 2, 777–780. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

