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Abstract: Natural environments, compared to urban environments, usually lead to reduced stress and
positive body appreciation. We assumed that walks through nature and urban environments affect
self- and other-perceived stress and attractiveness levels. Therefore, we collected questionnaire data
and took photographs of male participants’ faces before and after they took walks. In a second step,
female participants rated the photographs. As expected, participants felt more restored and attractive,
and less stressed after they walked in nature compared to an urban environment. A significant
interaction of environment (nature, urban) and time (pre, post) indicated that the men were rated by
the women as being more stressed after the urban walk. Other-rated attractiveness levels, however,
were similar for both walks and time points. In sum, we showed that the rather stressful experience
of a short-term urban walk mirrors in the face of men and is detectable by women.
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1. Introduction

To cope with everyday stress, stays and walks in natural environments have received increasing
attention in research and media during the last decade (e.g., “forest bathing” or “shinrin-yoku”).
In most scientific studies, the effects of nature walks are compared to walks in an urban environment.
Thereby it is repeatedly found that the former has beneficial effects on mood, working memory, attention,
self-reported restoration, brain activity, and one’s own body image [1–6]. Furthermore, self-reported
stress and—albeit less consistently—physiological stress markers such as cortisol, heart rate variability,
and blood pressure, are reported to be influenced positively during or after a stay in nature [4,7–13].
In sum, experience in natural environments (compared to urban environments) generally benefits
human mental well-being and can alter physiological states.

As indicated above, recent studies have shown that contact with nature has beneficial effects
on one’s own body appreciation [6,14,15]. These studies showed, on the one hand, an increase of
participants’ satisfaction with their own physical appearance and a more positive body image after
contact with nature. On the other hand, participants reported a decreased appreciation of their own
appearance after stays in urban surroundings. Thus, short-term stays in (or virtual presentations of)
different environments affect self-perceived attractiveness, in addition to the effects on stress and mood
reported above. As discussed by Swami and colleagues [6,14], the elevation of body appreciation after
an experience in nature may be due to a reduction of negative thoughts and affective states, as well as
due to a shift in attention. These and the other beneficial effects of nature briefly reviewed above are in
line with two major theories in the field, namely stress recovery theory (i.e., nature experience leads
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to more positive affective states and better stress recovery [16,17]) and attention restoration theory
(i.e., nature exposure can restore directed attention [18]).

A different line of research indicates that stress over several weeks, its related markers, and/or
its effects on health can be manifested in the face of a person: in a study using face photographs
of students taken during either stressful exam times or less stressful periods, ratings by unfamiliar
people on the perceived stress of the depicted person were different for the two periods of time ([19];
see also [20] for related findings on the detection of mental disorders and related markers, including
happiness, depression, and distress, based on face photographs). Furthermore, it was found that
stress markers, such as high levels of cortisol (often in an interaction with testosterone in men) and
biomarkers of oxidative stress, negatively affects facial attractiveness ([21–24]; but see also [25–27]).
Significantly, most of these studies used composite images to accentuate the respective markers, and/or
the studies were cross-sectional and treated the hormone levels as a trait rather than a state factor.
In fact, most studies investigating attractiveness focused on the innate characteristics of the face, such as
prototypicality, symmetry, and having the respective sexual markers [28–30]. However, only few
studies investigated the effects of situational or variable factors on attractiveness. Examples for the
latter include the effects of skin color (e.g., melanin affected through sun exposure, beta-carotenoids
influenced by diet, or redness evoked by increased blood flow [31–34]; but see also [29]).

Stress can be manifested in the face not only due to long-term effects (e.g., via hormone changes, see
above; or air pollution [35]), but also due to short-term changes of the skin (e.g., altered blood flow [36,37])
or sleep deprivation [38], which affects facial attractiveness, too. In the current study, we bring together
two lines of previous research and test the assumption that short-term experiences (i.e., walks) in
nature and urban environments affect self- and other-perceived stress levels and attractiveness.

In sum, the reviewed literature shows that, first, nature compared to urban walks often has
beneficial effects on mood, well-being, and stress. Sometimes, they also affect related physiological
markers. Second, such markers and current moods can alter facial appearance, and may be detected by
others. Third, nature walks affect body appreciation. However, it is yet unknown whether a short-term
experience would also be mirrored in the face and would be recognizable by others. Therefore,
the current study aimed at experimentally testing self- and other-reported stress and attractiveness after
short-term nature and urban walks. Based on the literature, we expected that self-rated stress would
be lower after a nature compared to an urban walk [4,8] and that the difference in stress levels after
nature and urban walks would be mirrored in the face and detected by other raters [19]. Furthermore,
we assumed that self-rated attractiveness would be higher after a nature compared to an urban walk [6]
and that this difference would be reflected in the face and perceived by others [22,24]. We focused
on men to avoid influences of changes in make-up, mood, self-perception, and facial appearance
that might be associated with the menstrual cycle of women and can fluctuate within days [39–42].
The appearance of these men was then rated by unfamiliar women.

2. Materials and Methods

The study consisted of two parts (Figure 1). First, male participants walked through nature
and urban environments, while we took standardized photographs of their faces before and after
each walk. Additionally, they completed questionnaires on their well-being, and self-perceived
stress and attractiveness. Second, the photographs were rated for attractiveness and stress by female
participants, who were unfamiliar with both the men and the design of the study. In the remainder
of this article, we refer to the male participants as “walkers”, while the females are called “raters”.
All subjects gave their informed consent before they participated in the study. The study was conducted
in accordance with the Declaration of Helsinki and approved by the local ethics committee of the
University of Koblenz-Landau, Germany (LEK-111). Before data collection, we pre-registered the study
on AsPredicted.org (https://aspredicted.org/5eu33.pdf).

https://aspredicted.org/5eu33.pdf
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Figure 1. Overview of study design and procedure.

2.1. Participants

2.1.1. Walkers

We recruited men by using email lists, social media, and direct contacts on the university campus.
A total of 21 men aged 19 to 29 years (M = 23.62 years, SD = 2.84) participated in this first part of the
study. All walkers were students and residents of the city in which the study was conducted, and the
surrounding area at the time of the experiment. Twelve of the 21 walkers indicated doing nature walks
regularly to cope with stress. Only three indicated using city walks. In addition, other often noted
coping strategies were listening to music (16), meeting friends/family (16), watching TV/series/films
(15), and physical activity (indoors (12) and outdoors (12)). Note that participants could select more
than one option.

Due to technical reasons, the questionnaire data of one participant was incomplete (missing data
for one time point) so that this participant was excluded from the analysis of this data. His photographs
were, however, complete and we used them for the second study. All participants gave their informed
consent before starting the experiment. For compensation, walkers could choose between partial
course credit and €10.

2.1.2. Raters

In total, 84 women aged 18 to 35 years (M = 22.51, SD = 3.08) participated in the second part of
this study. Most were students of the universities of Tübingen and Stuttgart-Hohenheim (Germany)
at which the rating experiment took place (different from the university at which the first part of the
study was conducted). They were recruited by email lists, social media, on-site advertising, and direct
contact on the campus. All participants gave their informed consent before starting the experiment.

2.2. Procedure and Measures

The first part of the study (Figure 1) was conducted in April 2018, which was characterized
by sunny weather and temperatures of 20–23 ◦C at the time of the walks. Walkers participated in
small groups (see below) on two days in a row, completing the same procedure with the same group
members on both days.

After arriving in the lab, each participant completed a questionnaire implemented in SoSci-Survey [43].
First, they rated their current state of attractiveness and stress using a continuous-looking scale
(coded from 1 to 100) with “not attractive”/”attractive” and “restored”/”stressed” as endpoints.
Second, they completed an adapted version of the Rest-Restless-Scale (aRRS; German equivalents to “I feel
restless/placid/uneasy/relaxed/balanced/tense/nervous/calm”), which was based on the multidimensional
affect rating scale [44,45], to indicate their current state of well-being. Third, individually each walker
went to a neighboring room where a (female) photographer, who was naïve to the aim of the study,
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took a standardized photograph of his face (see below for details). Immediately after all pictures
were taken (after about five minutes), the walkers were asked to follow the experimenter on a walk.
The order of the walks was randomized between groups (i.e., ten walkers went to nature on the first
day, eleven on the second day). Additionally, the walks were scheduled in a manner whereby the
number of walkers and the time of walk (start of the session either 12 p.m. or 1 p.m.) was balanced and
controlled for each environment and walker (i.e., quarter of walkers went to the city at the earlier time).
Immediately after the walk, each walker individually went to the studio where another photograph
was taken (the maximum was five minutes after the walk for the last participant of a given group).
Then participants completed further questionnaires. First, the Restoration Outcome Scale (ROS; [46])
was used to measure perceived restoration. It was followed by the aRRS and the items on self-perceived
attractiveness and stress. Both the aRRS and the ROS were used to confirm the intended effects of
the walks. On the next day, the procedure was identical except that the participants walked in the
other environment. Furthermore, the final questionnaire after the second walk included additional
items on sociodemographics and general stress coping strategies. Overall, each session took about
50 min. In sum, self-reported well-being (measured by aRRS), stress, and attractiveness, as well as
photographs of the face were obtained pre- and post-walk. Furthermore, after each walk restoration
was surveyed using the ROS as a manipulation check.

In the second part of the study, we asked female participants to spontaneously rate the attractiveness
and stress of the person depicted on the photograph. All 84 photos collected in the first part (four pictures
for each of the 21 walkers) were presented twice: for the rating of stress and attractiveness, respectively.
The order of the two blocks (stress and attractiveness) was randomized across raters. Within each
block, stimuli were presented individually in random order, while taking care that two or more images
of the same walker did not appear in sequence. Below each picture, we presented a continuous-looking
rating scale (coded from 1 to 100) that ranged from (German equivalents of) “stressed” to “restored”,
or “unattractive” to “attractive”. The rating took about 10 to 15 min and was compensated with sweets.

2.3. Walks

The walks were realized in small groups of three to five walkers accompanied by a female
experimenter (FD). Each walker completed both walks on different days (see above). The routes were
the same for all participants and started/ended at a building on the university campus where the
photographs were taken and questionnaires were completed. The nature route led through a forest-like
urban park close to the university (Figure 2A–C). The urban route was along both little-used and
busy streets in the inner city area of Landau (Pfalz) in Germany, a town of about 45,000 inhabitants
(Figure 2D–F). Walkers were asked to not talk to each other or to other people and to not use their
smartphones. Both walks lasted about 22 min. The experimenter conducted all walks with constant
speed and similar duration. For training, she went the routes several times before the beginning of
the study.
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Figure 2. Representative images of the walking routes through nature (A–C) and urban (D–F)
environments. © The authors.

2.4. Photographs

Before and after each walk, pictures of each walkers’ face were taken in portrait format (Figure 3A).
Thus, in total 84 stimuli (four photos of each walker) were taken and then used for the second part
of the study. Walkers were asked to show a neutral expression and to look directly into the camera.
Their clothes were covered by a black scarf and were thus standardized to avoid differing reflections of
the clothes on to the face. In addition, we asked walkers to not significantly change their hairstyles and
beards for the two days of data collection. They sat on a stool in front of the camera. The camera was
always at the same distance and was adjusted to the height of the respective walkers’ eyes. The lighting
and camera settings were set manually and the same for all photographs. Pictures were taken with
a Nikon D700 with an aperture of f/8, an exposure time of 1/100 s, a focal length of 105 mm, and an
ISO of 200. Later, pictures were manually cut above the forehead and below the chin to remove the
background (Figure 3B). Images were resized to 400 × 554 pixels.
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Figure 3. Example picture to represent photographs taken of each walker in an original (A) and
cropped version (B). The latter was used for the ratings. For reasons of data protection, no photograph
of a walker is shown here, but of one of the authors (FD) agreed to have her picture published here.
Cropping, lighting, and camera settings correspond to those of the walkers. © The authors.

2.5. Data Analyses

Statistical analyses were conducted in R (version 3.4.3) using the interface RStudio (version 1.1.383,
RStudio, PBC, Boston, MA, USA). Tests were two-tailed with an alpha of 0.05. For the aRRS and
ROS, we formed sum scores (items with reversed polarity were inverted before). We compared ROS
scores for the two environments using a paired t-test. The other comparisons were tested using a
2 (nature, city) × 2 (pre, post) repeated-measures ANOVA. The p-value for the interaction corresponds
to the p-value of a paired t-test using difference scores (post minus pre values), which are often reported
in the field [12,47]. All analyses, including the other-ratings by the female raters, were walker-based,
meaning that the relevant N was always 21 (or 20 in case of the analyses with the missing data of one
participant). Furthermore, we calculated Pearson correlations between stress and attractiveness ratings.

3. Results

3.1. Self-Reported Measures by the Walkers

The ANOVA on the aRRS revealed neither a main effect of time (F[1,19] = 0.02, p = 0.887,
ηp

2 < 0.01) nor walk (F[1,19] = 0.37, p = 0.552, ηp
2 = 0.02), but a significant interaction between

the two (F[1,19] = 9.35, p = 0.006, ηp
2 = 0.33). Post-hoc tests indicated that participants felt more,

yet non-significantly, at rest after a nature walk (p = 0.068; Table 1). The comparison of the ROS scores
revealed that walkers felt more restored after a nature walk compared to an urban walk (t[19] = 3.18,
p = 0.005, d = 0.61).

The ANOVA on self-rated stress revealed neither a main effect of time (F[1,19] = 0.79, p = 0.385,
ηp

2 = 0.04) nor walk (F[1,19] = 2.63, p = 0.121, ηp
2 = 0.12), but a significant interaction between the two

(F[1,19] = 10.32, p = 0.005, ηp
2 = 0.35). Post-hoc tests showed that stress was lower after a nature walk

(p = 0.026) and was lower compared to an urban walk (p = 0.029; Figure 4).
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The ANOVA on self-rated attractiveness revealed neither a main effect of time (F[1,19] = 1.10,
p = 0.307, ηp

2 = 0.05) nor walk (F[1,19] = 1.51, p = 0.235, ηp
2 = 0.07), but a significant interaction between

the two (F[1,19] = 7.03, p = 0.016, ηp
2 = 0.27). Post-hoc tests showed that attractiveness ratings were

higher after a nature walk (p = 0.022) and were higher compared to an urban walk (p = 0.041; Figure 4).
Stress and attractiveness ratings correlated negatively, but only for the ratings given before each

walk (Table 1; see Table S1 in Supplemental Materials for exact p-values).

Table 1. Mean ± SD of dependent variables, as well as correlation between stress and
attractiveness ratings.

Rater Self Other

Time Pre Post Pre Post

Walk Nature Urban Nature Urban Nature Urban Nature Urban

aRRS 27.95 ± 7.53 29.15 ± 5.19 30.10 ± 4.94 27.30 ± 6.69 n.a. n.a. n.a. n.a.
ROS n.a. n.a. 25.35 ± 4.28 21.70 ± 4.33 n.a. n.a. n.a. n.a.
stress 39.60 ± 27.93 39.95 ± 25.00 28.40 ± 22.75 43.90 ± 25.71 48.43 ± 3.07 48.30 ± 3.00 47.09 ± 3.33 51.11 ± 3.11

attractiveness 66.50 ± 18.20 67.70 ± 21.13 72.85 ± 17.13 65.55 ± 21.22 34.33 ± 2.99 34.90 ± 2.89 34.63 ± 2.94 34.19 ± 2.80
correlation −0.73 *** −0.54 * −0.34 −0.18 −0.63 ** −0.61 ** −0.60 ** −0.17

Note. *** p < 0.001, ** p < 0.01, * p < 0.05, n.a. = not available.

3.2. Other-Rated Stress and Attractiveness

The ANOVA on other-rated stress levels revealed neither a main effect of time (F[1,20] = 0.45,
p = 0.509, ηp

2 = 0.02) nor walk (F[1,20] = 0.79, p = 0.386, ηp
2 = 0.04), but a significant interaction

between the two (F[1,20] = 9.79, p = 0.005, ηp
2 = 0.33; Table 1). Post-hoc tests indicated that stress was

rated higher, yet non-significantly, after an urban walk (p = 0.058; Figure 4).
The ANOVA on other-rated attractiveness revealed neither a main effect of time (F[1,20] = 0.26,

p = 0.617, ηp
2 = 0.01), nor walk (F[1,20] < 0.01, p = 0.946, ηp

2 < 0.01), nor an interaction between the
two (F[1,20] = 1.21, p = 0.285, ηp

2 = 0.06; Figure 4).
Stress and attractiveness ratings correlated negatively, but not for the ratings given for the

photographs that were taken after the urban walk (Table 1; see Table S1 in Supplemental Materials for
exact p-values). Self- and other-ratings of neither stress nor attractiveness correlated with each other
(Table S2 in Supplemental Materials).
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Figure 4. Results of self- (A,B) and other-rated (C,D) stress and attractiveness before and after urban and
nature walks with indication of significance for post-hoc tests. See main text for statistical parameters
of the main effects and interactions from the respective 2 × 2 ANOVAs. Note. * p < 0.05, + p = 0.058.

4. Discussion

This study’s aim was to examine whether short-time nature and urban experiences, implemented
as walks, affect both self- and other-rated stress and attractiveness levels. In short, we replicated that
nature compared to urban walks led to less self-reported stress, as well as to higher self-reported
attractiveness [4,6]. Additionally, we showed for the first time that the reported stressful experiences
from an urban walk are mirrored in the face of walkers and can be detected by unfamiliar people.
However, these opposite-sex raters evaluated the participants equally attractive after both walks. In the
following paragraphs, we discuss these findings in light of relevant literature and with regard to their
implications for related research, public health, and society.

In line with previous research [8], the walkers reported significantly lower stress after the nature
walk. Similarly, they felt more restored after the nature compared to the urban walk [4]. Moreover,
reported feelings of rest point in a similar direction (measured by the aRRS). Therefore, we assumed
that the walks had the intended effects on the walkers.

In addition to these manipulation checks, we found that nature walks positively affected the
self-rated attractiveness of a person. This replicates previous findings [6,14,15,48,49], which showed
that contact with nature leads to a more positive body image.

For the first time, we tested whether the experiences people made on short-term (i.e., 22 min) walks
through nature and urban environments would be mirrored in their faces and detected by unfamiliar
opposite-sex raters. The significant interaction between walk environment and the time point at which
the photograph was taken revealed different effects of nature and urban walks on stress ratings by others.
Note that this corresponds to a significant difference in difference scores, which were often the only
reported analyses in the field [12,47]. Although our post-hoc tests were not significant, results indicate
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that walkers were perceived as being more stressed after they were in an urban environment compared
to a natural environment. The mean values for each cell indicate that the differences in ratings were
evoked by the experience in the urban rather than the natural environment. Thus, a relatively stressful
walk in the city does not only affect how one feels but also how one is perceived by other people.
Significantly, the effect found is of medium size (ηp

2 = 0.33 for the time ×walk interaction, or Cohen’s
d = 0.70 for the comparison of difference scores), despite a relatively small change in absolute numbers
derived from the ratings. These relatively small but significant differences are most likely due to the
design of the study. Since we presented each photograph independently and without subsequent
occurrence of any pictures of the same walker, raters most likely applied their internal reference
for ratings between the walkers and not within the four photographs of a single walker. Therefore,
differences are expected to be relatively small. This approach is both more conservative and closer to
real situations, compared to a design in which the four photographs are compared directly. A similar
argumentation applies for the differences in evaluations between self- and other-rated stress and
attractiveness: Walkers used their own affective states and feelings as a basis for ratings, while raters
most likely used between-subject variation for evaluation.

Since self-rated attractiveness differed in dependence of the walk environment, and because
certain stress markers may also be relevant for attractiveness perception (see Introduction), we expected
that other-rated attractiveness would be also affected by the walk environment, albeit likely to a weaker
extent. However, walkers were not rated as significantly more attractive after a nature compared to
an urban walk. Thus, this finding does not extend previous results of a negative correlation between
externally assessed attractiveness and the stress hormone cortisol [22–24]. However, in fact, cortisol is
often not affected by short-term walks [11] and is discussed to reflect chronic rather than acute stress [8],
which was likely the kind of stress that the raters in Little and colleagues’ study [19] detected in
the faces of the students photographed in stressful exam times. To our knowledge, there are no
studies investigating a relationship between more sensitive measures of short-term stress, such as
heart rate variability or skin conductance, on facial appearance. Significantly, self-rated attractiveness
differences may be also due to other psychological mechanisms that will not be mirrored in the
face (e.g., more social encounters and thus comparisons with others in the city; shifts in attention).
In fact, the absence of significant correlations between stress and attractiveness ratings for post-walk
ratings indicates that the effect of the city may be stress-specific and represented by markers not
relevant for attractiveness. Note that the aim of this study was to test whether short-term experiences
are mirrored in the face. Future studies are needed to determine and disentangle the underlying
mechanisms (i.e., cortisol, blood flow, expression etc.) of our findings. The first evidence comes
from two recent studies from China. In one study, selfies uploaded in social media were related to
the location at which the picture was taken [50]. This study indicated that software-measured facial
expressions, especially from women, vary with the distance to the city center. A related study [51]
suggests that the characteristics of urban forest environments (e.g., greenness) are associated with
positive facial expressions, which were recorded more often in such forest environments compared
to built-up environments. These studies suggest a relationship between facial expressions and the
environment, but more research is needed to disentangle the effects of experiences in natural versus
built-up surroundings on facial appearance.

In informal feedback, some raters indicated that they found it easier to give independent ratings
on stress rather than attractiveness because the latter was perceived to be a situation-independent state,
whereas stress was perceived naturally depending on the situation and time. Perhaps the evaluation of
a factor that correlates strongly with attractiveness but is perceived as more variable, such as health,
would lead to greater variations in ratings. However, other studies that showed slightly different
images of the same person still found variance and effects in attractiveness ratings [52,53]. Some of
our results might be non-significant due to low power. However, given the complexity and effort
of this study, realizing such an experiment with a sample size based on a standard a-priori power
analysis seems unrealistic (e.g., assuming a small effect of η2 = 0.02 or f = 0.14 with a power of 0.8 for a
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2 × 2 interaction, 388 walkers would be necessary). We nonetheless suggest that future research seeks
to increase walker numbers in a feasible way, and to include all genders.

Further investigations are needed to show how the short-term effect of restoration or stress on
a person’s face may become visible and affect the ratings of others. Possible mechanisms might be
emotional expressions that differ between a relaxed and tense state. By instructing our walkers to
show a neutral expression when being photographed, we might have obscured this mechanism and
effect [54]. However, we deliberately decided against encouraging participants to show their emotions
to have a more controlled stimulus set and to avoid overwriting of other markers due to the expression.
Nonetheless, despite our instruction for a neutral expression, the facial expression still might be
different between the conditions because participants unconsciously might have different muscle
activity and thus expressions depending on their mood and stress [55–59]. These small differences
might have led to a difference in other-perceived stress ratings. Furthermore, differences in stressors,
such as air quality and noise, and/or emotional states might have led to different skin conditions and/or
levels of blood flow in the face, which might be detected by the raters [60–63].

Based on the current state of research and available data, we cannot conclude on the relationship
between short-term nature experiences and other-perceived attractiveness. In fact, the current study
has one major limitation, namely the relatively small sample size of walkers, and the focus on one
gender. However, the sample size is comparable to previous studies with similar designs [10,13,19,38].
Moreover, the study and the photographs were highly standardized so that noise in the data was
reduced to a minimum. Another reason for the lack of changes in attractiveness might be that in
this study original photographs of the individuals were used for ratings. Most studies reporting a
relationship between cortisol and attractiveness used composite images that were created by morphing
together face images of several individuals (but see [23]). Other promising approaches might be
to provide more information to the raters, e.g., by presenting videos of the walkers, which include
spontaneous expressions and body movements.

5. Relevance

The current study shows that self- and other-rated stress levels, as well as self-rated attractiveness,
are negatively affected by short-term urban experiences. Thus, this work not only contributes to the
research areas of restorative environments and face perception but also provides important insights
for public health. First, the study adds support to the general finding of nature (compared to cities)
as a health-promoting environment and nature walks as an intervention strategy to reduce stress.
Second, the current study shows that urban environments can be stressful and affect our appearance.
Note that current data were collected in a rather small town. Larger or even mega-cities might
yield much more pronounced effects. Third, many (especially younger) people struggle with their
own body, and nature experiences seem to be a promising intervention strategy to reduce body-
and attractiveness-related suffering [6,14]. Fourth, stress can worsen the perceived own body image
and, vice versa [64,65], perhaps lead to reinforcement effects. Fifth, stress can be contagious [66,67],
and detecting stress from photographs might extend the contagious effect to a broader range of people,
for example via social media such as Instagram. Finally, own appearance can be a motivator for healthier
behaviors, such as nature walks as a coping strategy against stress [68]. In sum, nature walks seem to
be an effective, accessible, and easy stress intervention to buffer the stressors of urban environments
and to attenuate their negative effects on society.

6. Conclusions

With the current study, we showed that walking experiences in natural environments has beneficial
effects on subjective restoration, stress, and attractiveness levels. Moreover, for the first time, we tested
whether these subjective changes are mirrored in the face. Indeed, our data suggests that the relatively
stressful experience in urban environments, compared to natural environments, manifests in the face
and can be detected by others.



Int. J. Environ. Res. Public Health 2020, 17, 8519 11 of 14

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/22/8519/
s1, Table S1: Correlations between attractiveness and stress ratings, Table S2: Correlations between self-
and other-ratings.

Author Contributions: C.M.: designing the experiment, analyzing data, writing first draft, finalizing manuscript.
F.D.: designing the experiment, collecting data, analyzing data, writing first draft, finalizing manuscript. G.R.:
designing the experiment, finalizing manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Acknowledgments: We are grateful to Karin Hiller for taking the photographs. We thank Günter Maier, Catarina
Amado, and Sascha Meyen for their willingness to provide lab space and the opportunity to collect data at the
Universities of Stuttgart-Hohenheim and Tübingen, Germany. Further, we are very grateful to Carolin S. Altmann
for many fruitful discussions and insights, and Sebastian Götze for proofreading.

Conflicts of Interest: The authors have no competing interests. The reported study was conducted in the scope
of F.D.’s Master thesis, which was submitted to and reviewed by the Institute of Psychology, University of
Koblenz-Landau, Germany.

References

1. Aspinall, P.; Mavros, P.; Coyne, R.; Roe, J. The urban brain: Analysing outdoor physical activity with mobile
EEG. Br. J. Sports Med. 2015, 49, 272–276. [CrossRef] [PubMed]

2. Berman, M.G.; Jonides, J.; Kaplan, S. The Cognitive Benefits of Interacting with Nature. Psychol. Sci. 2008, 19,
1207–1212. [CrossRef] [PubMed]

3. 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. [CrossRef]

4. Menardo, E.; Brondino, M.; Hall, R.; Pasini, M. Restorativeness in Natural and Urban Environments:
A Meta-Analysis. Psychol. Rep. 2019, 003329411988406. [CrossRef] [PubMed]

5. Stevenson, M.P.; Schilhab, T.; Bentsen, P. Attention Restoration Theory II: A systematic review to clarify
attention processes affected by exposure to natural environments. J. Toxicol. Environ. Health Part B 2018, 21,
227–268. [CrossRef]

6. Swami, V.; Barron, D.; Furnham, A. Exposure to natural environments, and photographs of natural
environments, promotes more positive body image. Body Image 2018, 24, 82–94. [CrossRef]

7. 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]

8. Kondo, M.C.; Jacoby, S.F.; South, E.C. Does spending time outdoors reduce stress? A review of real-time
stress response to outdoor environments. Health Place 2018, 51, 136–150. [CrossRef]

9. 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]

10. Mao, G.X.; Lan, X.G.; Cao, Y.B.; Chen, Z.M.; He, Z.H.; Lv, Y.D.; Wang, Y.Z.; Hu, X.L.; Wang, G.F.; Yan, J.
Effects of Short-Term Forest Bathing on Human Health in a Broad-Leaved Evergreen Forest in Zhejiang
Province, China. Biomed. Environ. Sci. 2012, 25, 317–324. [CrossRef]

11. Mygind, L.; Kjeldsted, E.; Hartmeyer, R.; Mygind, E.; Stevenson, M.P.; Quintana, D.S.; Bentsen, P. Effects of
Public Green Space on Acute Psychophysiological Stress Response: A Systematic Review and Meta-Analysis
of the Experimental and Quasi-Experimental Evidence. Environ. Behav. 2019, 001391651987337. [CrossRef]

12. 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. 2010, 15, 18. [CrossRef] [PubMed]

13. Tsunetsugu, Y.; Park, B.-J.; Ishii, H.; Hirano, H.; Kagawa, T.; Miyazaki, Y. Physiological Effects of Shinrin-yoku
(Taking in the Atmosphere of the Forest) in an Old-Growth Broadleaf Forest in Yamagata Prefecture, Japan.
J. Physiol. Anthropol. 2007, 26, 135–142. [CrossRef] [PubMed]

14. Swami, V.; Barron, D.; Weis, L.; Furnham, A. Bodies in nature: Associations between exposure to nature,
connectedness to nature, and body image in U.S. adults. Body Image 2016, 18, 153–161. [CrossRef]

15. Swami, V.; Pickering, M.; Barron, D.; Patel, S. The impact of exposure to films of natural and built environments
on state body appreciation. Body Image 2018, 26, 70–73. [CrossRef]

http://www.mdpi.com/1660-4601/17/22/8519/s1
http://www.mdpi.com/1660-4601/17/22/8519/s1
http://dx.doi.org/10.1136/bjsports-2012-091877
http://www.ncbi.nlm.nih.gov/pubmed/23467965
http://dx.doi.org/10.1111/j.1467-9280.2008.02225.x
http://www.ncbi.nlm.nih.gov/pubmed/19121124
http://dx.doi.org/10.1089/eco.2014.0027
http://dx.doi.org/10.1177/0033294119884063
http://www.ncbi.nlm.nih.gov/pubmed/31694463
http://dx.doi.org/10.1080/10937404.2018.1505571
http://dx.doi.org/10.1016/j.bodyim.2017.12.006
http://dx.doi.org/10.1016/j.jenvp.2015.11.003
http://dx.doi.org/10.1016/j.healthplace.2018.03.001
http://dx.doi.org/10.1016/j.puhe.2010.09.005
http://dx.doi.org/10.3967/0895-3988.2012.03.010
http://dx.doi.org/10.1177/0013916519873376
http://dx.doi.org/10.1007/s12199-009-0086-9
http://www.ncbi.nlm.nih.gov/pubmed/19568835
http://dx.doi.org/10.2114/jpa2.26.135
http://www.ncbi.nlm.nih.gov/pubmed/17435356
http://dx.doi.org/10.1016/j.bodyim.2016.07.002
http://dx.doi.org/10.1016/j.bodyim.2018.06.002


Int. J. Environ. Res. Public Health 2020, 17, 8519 12 of 14

16. Ulrich, R.S. Natural Versus Urban Scenes: Some Psychophysiological Effects. Environ. Behav. 1981, 13,
523–556. [CrossRef]

17. Ulrich, R.S. Aesthetic and affective response to natural environment. In Behavior and the Natural Environment;
Plenum Press: New York, NY, USA, 1983.

18. Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15,
169–182. [CrossRef]

19. Little, A.C.; McPherson, J.; Dennington, L.; Jones, B.C. Accuracy in assessment of self-reported stress and a
measure of health from static facial information. Personal. Individ. Differ. 2011, 51, 693–698. [CrossRef]

20. Daros, A.R.; Ruocco, A.C.; Rule, N.O. Identifying Mental Disorder from the Faces of Women with Borderline
Personality Disorder. J. Nonverbal Behav. 2016, 40, 255–281. [CrossRef]

21. Gangestad, S.W.; Merriman, L.A.; Emery Thompson, M. Men’s oxidative stress, fluctuating asymmetry and
physical attractiveness. Anim. Behav. 2010, 80, 1005–1013. [CrossRef]

22. Moore, F.R.; Coetzee, V.; Contreras-Garduno, J.; Debruine, L.M.; Kleisner, K.; Krams, I.; Marcinkowska, U.;
Nord, A.; Perrett, D.I.; Rantala, M.J.; et al. Cross-cultural variation in women’s preferences for cues to sex-
and stress-hormones in the male face. Biol. Lett. 2013, 9, 20130050. [CrossRef] [PubMed]

23. Moore, F.R.; Cornwell, R.E.; Law Smith, M.J.; Al Dujaili, E.A.S.; Sharp, M.; Perrett, D.I. Evidence for the
stress-linked immunocompetence handicap hypothesis in human male faces. Proc. R. Soc. B Biol. Sci. 2011,
278, 774–780. [CrossRef] [PubMed]

24. Rantala, M.J.; Moore, F.R.; Skrinda, I.; Krama, T.; Kivleniece, I.; Kecko, S.; Krams, I. Evidence for the
stress-linked immunocompetence handicap hypothesis in humans. Nat. Commun. 2012, 3, 694. [CrossRef]

25. Han, C.; Hahn, A.C.; Fisher, C.I.; Debruine, L.M.; Jones, B.C. Women’s facial attractiveness is related to their
body mass index but not their salivary cortisol. Am. J. Hum. Biol. 2016, 28, 352–355. [CrossRef] [PubMed]

26. Kandrik, M.; Hahn, A.C.; Han, C.; Wincenciak, J.; Fisher, C.I.; DeBruine, L.M.; Jones, B.C. Does the Interaction
Between Cortisol and Testosterone Predict Men’s Facial Attractiveness? Adapt. Hum. Behav. Physiol. 2017, 3,
275–281. [CrossRef]

27. Kordsmeyer, T.L.; Lohöfener, M.; Penke, L. Male Facial Attractiveness, Dominance, and Health and the
Interaction between Cortisol and Testosterone. Adapt. Hum. Behav. Physiol. 2019, 5, 1–12. [CrossRef]

28. Fink, B.; Penton-Voak, I. Evolutionary Psychology of Facial Attractiveness. Curr. Dir. Psychol. Sci. 2002, 11,
154–158. [CrossRef]

29. Foo, Y.Z.; Simmons, L.W.; Rhodes, G. Predictors of facial attractiveness and health in humans. Sci. Rep. 2017, 7.
[CrossRef]

30. Rhodes, G. The Evolutionary Psychology of Facial Beauty. Annu. Rev. Psychol. 2006, 57, 199–226. [CrossRef]
31. Fink, B.; Grammer, K.; Matts, P.J. Visible skin color distribution plays a role in the perception of age,

attractiveness, and health in female faces. Evol. Hum. Behav. 2006, 27, 433–442. [CrossRef]
32. Matts, P.J.; Fink, B.; Grammer, K.; Burquest, M. Color homogeneity and visual perception of age, health,

and attractiveness of female facial skin. J. Am. Acad. Dermatol. 2007, 57, 977–984. [CrossRef] [PubMed]
33. Stephen, I.D.; Oldham, F.H.; Perrett, D.I.; Barton, R.A. Redness enhances perceived aggression, dominance

and attractiveness in men’s faces. Evol. Psychol. 2012, 10, 562–572. [CrossRef] [PubMed]
34. Stephen, I.D.; Scott, I.M.L.; Coetzee, V.; Pound, N.; Perrett, D.I.; Penton-Voak, I.S. Cross-cultural effects of

color, but not morphological masculinity, on perceived attractiveness of men’s faces. Evol. Hum. Behav. 2012,
33, 260–267. [CrossRef]

35. Lefebvre, M.-A.; Pham, D.-M.; Boussouira, B.; Qiu, H.; Ye, C.; Long, X.; Chen, R.; Gu, W.; Laurent, A.;
Nguyen, Q.-L. Consequences of urban pollution upon skin status. A controlled study in Shanghai area. Int. J.
Cosmet. Sci. 2016, 38, 217–223. [CrossRef] [PubMed]

36. Stephen, I.D.; Coetzee, V.; Law Smith, M.; Perrett, D.I. Skin Blood Perfusion and Oxygenation Colour Affect
Perceived Human Health. PLoS ONE 2009, 4, e5083. [CrossRef]

37. Stephen, I.D.; Law Smith, M.J.; Stirrat, M.R.; Perrett, D.I. Facial Skin Coloration Affects Perceived Health of
Human Faces. Int. J. Primatol. 2009, 30, 845–857. [CrossRef]

38. Axelsson, J.; Sundelin, T.; Ingre, M.; Van Someren, E.J.W.; Olsson, A.; Lekander, M. Beauty sleep: Experimental
study on the perceived health and attractiveness of sleep deprived people. BMJ 2010, 341, c6614. [CrossRef]

39. Farage, M.A.; Osborn, T.W.; MacLean, A.B. Cognitive, sensory, and emotional changes associated with the
menstrual cycle: A review. Arch. Gynecol. Obstet. 2008, 278, 299–307. [CrossRef]

http://dx.doi.org/10.1177/0013916581135001
http://dx.doi.org/10.1016/0272-4944(95)90001-2
http://dx.doi.org/10.1016/j.paid.2011.06.010
http://dx.doi.org/10.1007/s10919-016-0237-9
http://dx.doi.org/10.1016/j.anbehav.2010.09.003
http://dx.doi.org/10.1098/rsbl.2013.0050
http://www.ncbi.nlm.nih.gov/pubmed/23536442
http://dx.doi.org/10.1098/rspb.2010.1678
http://www.ncbi.nlm.nih.gov/pubmed/20843854
http://dx.doi.org/10.1038/ncomms1696
http://dx.doi.org/10.1002/ajhb.22792
http://www.ncbi.nlm.nih.gov/pubmed/26407832
http://dx.doi.org/10.1007/s40750-017-0064-1
http://dx.doi.org/10.1007/s40750-018-0098-z
http://dx.doi.org/10.1111/1467-8721.00190
http://dx.doi.org/10.1038/srep39731
http://dx.doi.org/10.1146/annurev.psych.57.102904.190208
http://dx.doi.org/10.1016/j.evolhumbehav.2006.08.007
http://dx.doi.org/10.1016/j.jaad.2007.07.040
http://www.ncbi.nlm.nih.gov/pubmed/17719127
http://dx.doi.org/10.1177/147470491201000312
http://www.ncbi.nlm.nih.gov/pubmed/22947678
http://dx.doi.org/10.1016/j.evolhumbehav.2011.10.003
http://dx.doi.org/10.1111/ics.12270
http://www.ncbi.nlm.nih.gov/pubmed/26291783
http://dx.doi.org/10.1371/journal.pone.0005083
http://dx.doi.org/10.1007/s10764-009-9380-z
http://dx.doi.org/10.1136/bmj.c6614
http://dx.doi.org/10.1007/s00404-008-0708-2


Int. J. Environ. Res. Public Health 2020, 17, 8519 13 of 14

40. Raghunath, R.S.; Venables, Z.C.; Millington, G.W.M. The menstrual cycle and the skin. Clin. Exp. Dermatol.
2015, 40, 111–115. [CrossRef]

41. Roberts, S.C.; Havlicek, J.; Flegr, J.; Hruskova, M.; Little, A.C.; Jones, B.C.; Perrett, D.I.; Petrie, M. Female facial
attractiveness increases during the fertile phase of the menstrual cycle. Proc. R. Soc. Lond. Ser. B Biol. Sci. 2004,
271, S270–S272. [CrossRef]

42. Röder, S.; Brewer, G.; Fink, B. Menstrual cycle shifts in women’s self-perception and motivation: A daily
report method. Personal. Individ. Differ. 2009, 47, 616–619. [CrossRef]

43. Leiner, D.J. SoSci Survey, version 3.1.06. Computer Software. Ludwig-Maximilians-University: Munich, Germany,
2019. Available online: https://www.soscisurvey.de(accessed on 17 November 2020).

44. Steyer, R.; Schwenkmezger, P.; Notz, P.; Eid, M. Der Mehrdimensionale Befindlichkeitsfragebogen
(MDBF). In Handanweisung [The Multidimensional Affect Rating Scale (MDBF). Manual]; Hogrefe: Göttingen,
Germany, 1997.

45. Ziesenitz, A.-K. Die Natur als Erholungs(t)raum: Ein Empirischer Vergleich von Virtueller und Physischer
Natur. Ph.D. Thesis, University of Kassel, Kassel, Germany, 2009.

46. Korpela, K.M.; Ylén, M.; Tyrväinen, L.; Silvennoinen, H. Determinants of restorative experiences in everyday
favorite places. Health Place 2008, 14, 636–652. [CrossRef] [PubMed]

47. Ohly, H.; White, M.P.; Wheeler, B.W.; Bethel, A.; Ukoumunne, O.C.; Nikolaou, V.; Garside, R. Attention Restoration
Theory: A systematic review of the attention restoration potential of exposure to natural environments. J. Toxicol.
Environ. Health Part B 2016, 19, 305–343. [CrossRef]

48. Barr-Wilson, S.K.; Roberts, N.S. Adolescent Girls and Body Image: Influence of Outdoor Adventure on
Healthy Living. J. Outdoor Recreat. Educ. Leadersh. 2016, 8, 148–164. [CrossRef]

49. Mitten, D.; D’Amore, C. The nature of body image: The relationship between women’s body image
and physical activity in natural environments. In Women and Nature? Beyond Dualism in Gender, Body,
and Environment; Vakoch, D.A., Mickey, S., Eds.; Routledge: New York, NY, USA, 2017; pp. 96–116.

50. Wei, H.; Hauer, R.J.; Chen, X.; He, X. Facial Expressions of Visitors in Forests along the Urbanization Gradient:
What Can We Learn from Selfies on Social Networking Services? Forests 2019, 10, 1049. [CrossRef]

51. Wei, H.; Ma, B.; Hauer, R.J.; Liu, C.; Chen, X.; He, X. Relationship between environmental factors and
facial expressions of visitors during the urban forest experience. Urban For. Urban Green. 2020, 53, 126699.
[CrossRef]

52. Menzel, C.; Hayn-Leichsenring, G.U.; Langner, O.; Wiese, H.; Redies, C. Fourier power spectrum
characteristics of face photographs: Attractiveness perception depends on low-level image properties.
PLoS ONE 2015, 10, e0122801. [CrossRef]

53. Russell, R. Sex, beauty, and the relative luminance of facial features. Perception 2003, 32, 1093–1107. [CrossRef]
54. Golle, J.; Mast, F.W.; Lobmaier, J.S. Something to smile about: The interrelationship between attractiveness

and emotional expression. Cogn. Emot. 2014, 28, 298–310. [CrossRef]
55. Huang, C.-N.; Chen, C.-H.; Chung, H.-Y. The Review of Applications and Measurements in Facial

Electromyography. J. Med Biol. Eng. 2005, 25, 15–20.
56. Huang, H.-Y.; Hu, S. Sex Differences Found in Facial EMG Activity Provoked by Viewing Pleasant and

Unpleasant Photographs. Percept. Motor Skills 2009, 109, 371–381. [CrossRef] [PubMed]
57. Lerner, J.S.; Dahl, R.E.; Hariri, A.R.; Taylor, S.E. Facial Expressions of Emotion Reveal Neuroendocrine and

Cardiovascular Stress Responses. Biol. Psychiatry 2007, 61, 253–260. [CrossRef] [PubMed]
58. Reber, R.; Schwarz, N.; Winkielman, P. Processing fluency and aesthetic pleasure: Is beauty in the perceiver’s

processing experience? Personal. Soc. Psychol. Rev. 2004, 8, 364–382. [CrossRef] [PubMed]
59. Zellars, K.L.; Meurs, J.A.; Perrewé, P.L.; Kacmar, C.J.; Rossi, A.M. Reacting to and recovering from a stressful

situation: The negative affectivity-physiological arousal relationship. J. Occup. Health Psychol. 2009, 14,
11–22. [CrossRef] [PubMed]

60. Ali, M.U.; Liu, G.; Yousaf, B.; Ullah, H.; Abbas, Q.; Munir, M.A.M. A systematic review on global pollution
status of particulate matter-associated potential toxic elements and health perspectives in urban environment.
Environ. Geochem. Health 2019, 41, 1131–1162. [CrossRef] [PubMed]

61. Benitez-Quiroz, C.F.; Srinivasan, R.; Martinez, A.M. Facial color is an efficient mechanism to visually transmit
emotion. Proc. Natl. Acad. Sci. USA 2018, 201716084. [CrossRef]

62. Kret, M.E. Emotional expressions beyond facial muscle actions. A call for studying autonomic signals and
their impact on social perception. Front. Psychol. 2015, 6. [CrossRef]

http://dx.doi.org/10.1111/ced.12588
http://dx.doi.org/10.1098/rsbl.2004.0174
http://dx.doi.org/10.1016/j.paid.2009.05.019
https://www.soscisurvey.de
http://dx.doi.org/10.1016/j.healthplace.2007.10.008
http://www.ncbi.nlm.nih.gov/pubmed/18037332
http://dx.doi.org/10.1080/10937404.2016.1196155
http://dx.doi.org/10.18666/JOREL-2016-V8-I2-7693
http://dx.doi.org/10.3390/f10121049
http://dx.doi.org/10.1016/j.ufug.2020.126699
http://dx.doi.org/10.1371/journal.pone.0122801
http://dx.doi.org/10.1068/p5101
http://dx.doi.org/10.1080/02699931.2013.817383
http://dx.doi.org/10.2466/pms.109.2.371-381
http://www.ncbi.nlm.nih.gov/pubmed/20037990
http://dx.doi.org/10.1016/j.biopsych.2006.08.016
http://www.ncbi.nlm.nih.gov/pubmed/17150197
http://dx.doi.org/10.1207/s15327957pspr0804_3
http://www.ncbi.nlm.nih.gov/pubmed/15582859
http://dx.doi.org/10.1037/a0013823
http://www.ncbi.nlm.nih.gov/pubmed/19210043
http://dx.doi.org/10.1007/s10653-018-0203-z
http://www.ncbi.nlm.nih.gov/pubmed/30298288
http://dx.doi.org/10.1073/pnas.1716084115
http://dx.doi.org/10.3389/fpsyg.2015.00711


Int. J. Environ. Res. Public Health 2020, 17, 8519 14 of 14

63. Menzel, C.; Redies, C.; Hayn-Leichsenring, G.U. Low-level image properties in facial expressions. Acta Psychol.
2018, 188, 74–83. [CrossRef]

64. Murray, K.M.; Byrne, D.G.; Rieger, E. Investigating adolescent stress and body image. J. Adolesc. 2011, 34,
269–278. [CrossRef]

65. Schmidt, S.; Petermann, F.; Brähler, E.; Stöbel-Richter, Y.; Koglin, U. Body image perception as a risk factor
for chronic stress / Körperbildwahrnehmung als Risikofaktor für chronischen Stress. Kindh. Entwickl. 2012,
21, 227–237. [CrossRef]

66. Buchanan, T.W.; Bagley, S.L.; Stansfield, R.B.; Preston, S.D. The empathic, physiological resonance of stress.
Soc. Neurosci. 2012, 7, 191–201. [CrossRef] [PubMed]

67. Oberle, E.; Schonert-Reichl, K.A. Stress contagion in the classroom? The link between classroom teacher
burnout and morning cortisol in elementary school students. Soc. Sci. Med. 2016, 159, 30–37. [CrossRef]
[PubMed]

68. Whitehead, R.D.; Ozakinci, G.; Perrett, D.I. A randomized controlled trial of an appearance-based dietary
intervention. Health Psychol. 2014, 33, 99–102. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 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/).

http://dx.doi.org/10.1016/j.actpsy.2018.05.012
http://dx.doi.org/10.1016/j.adolescence.2010.05.004
http://dx.doi.org/10.1026/0942-5403/a000089
http://dx.doi.org/10.1080/17470919.2011.588723
http://www.ncbi.nlm.nih.gov/pubmed/21777106
http://dx.doi.org/10.1016/j.socscimed.2016.04.031
http://www.ncbi.nlm.nih.gov/pubmed/27156042
http://dx.doi.org/10.1037/a0032322
http://www.ncbi.nlm.nih.gov/pubmed/23527517
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Walkers 
	Raters 

	Procedure and Measures 
	Walks 
	Photographs 
	Data Analyses 

	Results 
	Self-Reported Measures by the Walkers 
	Other-Rated Stress and Attractiveness 

	Discussion 
	Relevance 
	Conclusions 
	References

