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A B S T R A C T   

Compared to urban environments, interactions with natural environments have been associated with several 
health benefits including psychological restoration and improved emotional well-being. However, dichotomizing 
environments as either natural or urban may emphasize between-category differences and minimize potentially 
important within-category variation (e.g., forests versus fields of crops; neighborhoods versus city centers). 
Therefore, the current experiment assessed how viewing brief videos of different environments, ranging along a 
continuum from stereotypically natural to stereotypically urban, influenced subjective ratings of mood, resto-
ration, and well-being. Participants (n = 202) were randomly assigned to one of four video conditions, which 
depicted a simulated walk through a pine forest, a farmed field, a tree-lined urban neighborhood, or a bustling 
city center. Immediately before and after the videos, participants rated their current emotional states. Partici-
pants additionally rated the perceived restorativeness of the video. The results supported the idea that the virtual 
walks differentially influenced affect and perceived restoration, even when belonging to the same nominal 
category of natural or urban. The pine forest walk significantly improved happiness relative to both urban walks, 
whereas the farmed field walk did not. The bustling city center walk decreased feelings of calmness compared to 
all other walks, including the tree-lined neighborhood walk. The walks also differed on the perceived restor-
ativeness measure of daydreaming in a graded fashion; however, the farmed field walk was found to be less 
fascinating than all other walks, including both urban walks. Taken together, these results suggest that catego-
rizing environments as “natural versus urban” may gloss over meaningful within-category variability regarding 
the restorative potential of different physical environments.   

1. Introduction 

Interactions with nature have been associated with psychological 
benefits, including improved emotional well-being and cognitive func-
tioning. Immersion into the natural world offers a salve for our mental 
resources, increasing positive affect and decreasing negative affect 
(Felsten, 2009). A considerable body of research suggests connecting 
with natural environments promotes well-being and positive feelings 
(Capaldi et al., 2014, 2015; Martin et al., 2020; McAllister et al., 2017; 
McMahan & Estes, 2015), and points to a buffering effect between 
exposure to nature and the adverse effects caused by mental fatigue 
(Brymer et al., 2010). Multiple experimental studies have shown that 

exposure to natural environments can improve affect (e.g., Bratman 
et al., 2015) and performance on tasks requiring attention and working 
memory (e.g., Berman et al., 2008; Stenfors et al., 2019; Van Hedger, 
Nusbaum, Clohisy, et al., 2019) compared to similar exposure to urban 
settings. Several theories offer explanations for these consistent affective 
and cognitive enhancements of natural environments. 

The Biophilia Hypothesis (Kellert & Wilson, 1993; Wilson, 1984) and 
Stress Reduction Theory (SRT; Ulrich et al., 1991) offer explanations for 
the affective benefits of interacting with nature. Rooted in an evolu-
tionary perspective, the Biophilia Hypothesis (Kellert & Wilson, 1993; 
Wilson, 1984) suggests that humans have a strong affiliation with other 
living things because throughout most of human history people existed 
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outdoors as members of hunter-gatherer societies. The number of plant 
and animal species in a given area, known as biodiversity, might signal 
the presence of significant survival resources, creating a positive asso-
ciation between biodiversity and thriving life (Wood et al., 2018). 
Similarly, SRT posits that the aesthetic and affective attribution of na-
ture is sufficient to promote parasympathetic autonomic activity and as 
a result reduces unpleasant feelings of stress (Ulrich, 1981, 1983, 1984; 
Ulrich et al., 1991). SRT more specifically states that the aesthetic 
evaluation of natural resources such as vegetation and water rapidly 
(and perhaps automatically) elicit these physiological changes, pre-
sumably due to evolutionarily salient cues such as the availability of 
survival-based resources (Ulrich, 1983). Yet, these theories have been 
supported by research comparing stereotypically natural environments 
to urban environments that are largely devoid of naturally inhabiting 
plants and animals (e.g., Ulrich et al., 1991). Some recent research has 
found results that may be somewhat at odds with these theories. First, a 
recent paper found that children actually prefer urban environments 
compared to natural environments, and over time develop preferences 
for nature (Meidenbauer et al., 2019). Furthermore, other research has 
shown that when natural and urban environmental stimuli are equated 
on preference, that nature stimuli do not improve mood any more than 
equally preferred urban stimuli (Meidenbauer et al., 2020). Both of these 
recent results suggest that the positive effects of natural environments 
on mood are likely to be more nuanced than suggested by either the 
Biophilia Hypothesis or SRT. 

For several decades, researchers have explored the restorative po-
tential of natural environments (Hartig et al., 1991; Staats et al., 2003). 
Attention Restoration Theory (ART; Kaplan, 1995), suggests time spent 
in nature allows for cognitive resources to become restored, resulting in 
temporarily improved attentional abilities when re-entering urban life – 
which in turn can have benefits for psychological well-being. For 
cognitive resources to become restored, Kaplan (1995) outlined a set of 
conditions that need to be met by the environment. The environment 
must foster feelings of: (1) being away, (2) extent, (3) fascination, and 
(4) compatibility. First, being away allows for a distance between one-
self and mentally fatiguing situations that are common in our day to day 
lives. Notably, the theory points out this need not be a physical distance; 
for example, virtual exposure to the natural world (e.g., Brown et al., 
2013; McAllister et al., 2017) can still elicit mental distance between an 
individual and their stressors. Second, extent is the degree to which an 
environment is expansive and can be explored broadly. Here too, extent 
does not mean that the environment needs to be spatially expansive, 
though that is one way to increase extent. As Kaplan (1995) notes, small 
spaces, such as Japanese gardens or labyrinths are often able to provide 
feelings of extent even though the environments may not be large 
spatially. Third, compatibility is described as the degree to which an 
individual’s environment fits with their goals and provides the necessary 
information to meet those goals. Fourth, fascination refers to interesting 
or captivating situations that effortlessly capture attention. Other re-
searchers have also suggested that the perceptual features of nature, 
such as the melodic contours of birdsong, are thought to be “softly 
fascinating,” allowing individuals to address lingering or unresolved 
thoughts that would otherwise become mentally draining (Basu et al., 
2019). Without periods of reflection, cognitive resources become 
fatigued, contributing to an overall decrease of psychological well-being 
(Basu et al., 2019; Kaplan, 1995; Kaplan & Berman, 2010; McMahan & 
Estes, 2015; Wood et al., 2018). Thus, stereotypically natural environ-
ments (e.g., forests) often meet these four conditions and are thus 
considered excellent environments for attention restoration. However, 
researchers have not yet fully examined the extent to which 
non-stereotypical natural and urban environments might also offer some 
degree of restoration (cf. White et al., 2010). Preferred places are also 
rated as being more restorative (Korpela & Hartig, 1996; Korpela et al., 
2001; Ratcliffe & Korpela, 2016; Subiza-Pérez et al., 2021) and this is 
likely due to features like place attachment, regardless of whether en-
vironments are urban or natural. 

Urban environments are often juxtaposed to natural environments in 
studies of the benefits of nature. Prior studies of urban environments 
have shown that these environments tend to deplete mental and atten-
tional resources relative to natural environments (for review see Kaplan 
& Berman, 2010; Schertz & Berman, 2019; Stenfors et al., 2019; Ste-
venson et al., 2018), leaving little opportunity for reflection and 
increased cognitive load. In many research studies urban spaces are 
operationalized as devoid of greenery, despite the fact that such 
greenery is common within city neighborhoods in the form of trees or 
parks interspersed among built features like buildings and roads. 
Intriguingly, a study by Felston (2009) found that real exposure to urban 
green space landscapes was not associated with mental restoration. In 
contrast, a number of studies have found psychological benefits of urban 
green space (Dadvand et al., 2015; Engemann et al., 2019; Kardan et al., 
2015; Schertz et al., 2018, 2021), suggesting that the relationship be-
tween urban green space and psychological well-being may be nuanced 
and depend on the specific context of the greenery (e.g., the perceived 
richness of biodiversity; Southon et al., 2018; Wilkie et al., 2020; Wyles 
et al., 2019). Furthermore, other recent work has also addressed the 
potential restorative benefits of urban environments (for review see 
Weber & Trojan, 2018). Several studies find that urban environments 
can have restorative potential, particularly if they contain specific fea-
tures. These include, for example, whether the urban environment has 
historical value (Bornioli et al., 2018a; Weber & Trojan, 2018), low 
vehicle traffic (Bornioli et al., 2018a), social features like sense of 
community (Bornioli et al., 2018b), and place attachment (Subiza-Pérez 
et al., 2020). However, additional studies focusing on the restorative 
potential of urban environments did not find similar restorative benefits 
for these environments compared to natural environments despite the 
presence of features like low traffic and historic value (Gidlow et al., 
2016; Stigsdotter et al., 2017). Importantly, specific efforts to categorize 
environments as either “natural” or “urban” can exacerbate the differ-
ences between these two types of environments, when the reality is that 
both types of environments have potential for psychological benefits. 

Categorization can be useful when understanding the effects of an 
environment on affect and cognition, but it also minimizes potentially 
important intra-natural and intra-urban variability. Indeed, findings 
from research assessing the interactions between nature and well-being 
often ignore the potential differences between natural environments. In 
fact, researchers have claimed that this dichotomy may be overly 
simplified, as Kaplan and Berman (2010) theorized that while many 
natural environments may restore directed attention, these are not the 
only environments that could do so and in fact there may be urban en-
vironments that could also improve directed attention if those envi-
ronments did not tax directed attention, while simultaneously having 
stimulation that might capture involuntary attention softly (Berman 
et al., 2019; Kaplan & Berman, 2010). 

Studies often operationalize nature in terms of “green space,” defined 
as the ratio of greenery in a given area. Although green space is an 
effective way to quantify nature, there is a risk of treating diverse eco-
systems as equivalent. For example, one cubic meter in a grassy field and 
one cubic meter in a rainforest are both considered “green space,” yet 
these environments are distinctive in both perceptual features and 
biodiversity. Green space is common within city neighborhoods in the 
form of parks and tree-lined streets. Wood et al. (2018) assessed 12 parks 
with varying levels of biodiversity (e.g., number of plant and bird spe-
cies, habitat diversity), yet all the parks were comparable in terms of 
their green space (percentage of tree cover). Participants walking 
through each of the 12 parks were asked to take part in a survey 
assessing the restorative benefits from their nature walk. The findings 
suggest that the restorative effects of nature exposure could be predicted 
by the level of biodiversity in the park, even after controlling for age, 
gender, and ethnic background. As a result, the literature quantifying 
nature using green space appears to be insufficient, and more recent 
investigations have suggested that considering the content of green 
space is critical in explaining the restorative potential of both 
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canonically natural and urban environments (Southon et al., 2018; 
Wilkie et al., 2020). Kardan et al. (2015) also found a specific effect of 
trees on health and maybe even a slightly stronger effect for evergreens 
compared to deciduous trees. Schertz et al. (2021) found that tree can-
opy was a significant predictor of reduced crime, but that grass coverage 
was not, again, suggesting that all green spaces are not created equally. 

In this study we sought to address the question of how different 
natural and urban environments might be differentially associated with 
psychological well-being and restoration of mental resources. This is an 
important question as the results have the potential to offer insight into 
features of natural and urban environments that account for the well- 
documented positive benefits of natural environments and ways to 
mitigate the potential negative effects of urban environments. To better 
understand the effects of different natural and urban environments on 
psychological well-being and perceived restoration, the current experi-
ment includes virtual walks through four conditions: a high biodiversity 
nature setting (pine forest); a low biodiversity nature setting (farmed 
field); an urban setting with considerable greenery (tree-lined city 
neighborhood); and an urban setting devoid of greenery (bustling city 
center). We hypothesized that psychological well-being would be posi-
tively impacted along a continuum from canonical natural to canonical 
urban environments (i.e., forest to farmed field to tree-lined city 
neighborhood to bustling city center). We also hypothesized that 
perceived restorativeness would be similarly impacted along the same 
continuum. 

2. Method 

2.1. Participants 

202 participants (Mean = 40.43 years old, SD = 11.66 years old, 
range: 21–72 years old; 108 men, 93 women, 1 non-binary person) were 
recruited using Amazon Mechanical Turk, an online recruitment plat-
form. The sample size was determined by an a priori power analysis. 
Using G*Power (Faul et al., 2009) we calculated that a sample size of 
180 participants would provide sufficient statistical power (0.80) for 
detecting differences in a between-participant one-way ANOVA with 
four groups, assuming a medium effect size (Cohen’s f = 0.25). We 
designed the present study to be sensitive to detecting medium-sized 
effects because prior research examining the relative effects of nature 
– both in terms of perceived (e.g., Pasini et al., 2014) and 
performance-based measures of restoration (e.g., Van Hedger, Nus-
baum, Clohisy, et al., 2019) – have reported at least medium effect sizes. 
We additionally used the one-way ANOVA as the model for our power 
analyses as: (1) this was the test used for the majority of our analyses, 
and (2) it provided a more conservative estimation of sample size 
compared to our ANOVAs with repeated measures which, given the 
sample size, were extremely well powered (0.99) to detect interactions 
of condition and time assuming medium effect sizes. We recruited more 
than 180 participants in anticipation of excluding some participants due 
to low-quality or incomplete responses. Cloud Research (Litman et al., 
2017) was used to further constrain participant recruitment from 
Amazon Mechanical Turk. Specifically, only participants who passed 
attention and data quality checks implemented by Cloud Research were 
eligible to participate. This participant filtering provided by Cloud 
Research has recently been shown to yield high quality data (Eyal et al., 
2021). To enroll in the study, participants were required to be fluent in 
English (to read and answer the survey questions), had to be based in the 
United States, and had to have a high-speed internet connection (for 
loading a virtual walk video). Headphone use was encouraged but was 
not required. Participants took an average of 28.3 min to complete the 
study and participants were compensated with $5.00 USD for success-
fully completing the study. The research protocol was approved by the 
Huron Research Ethics Board. 

2.2. Procedure 

Participants were provided with a letter of information, which 
specified the details of the study, and provided their informed consent 
before beginning the study. Those who consented were randomly 
assigned to one of four conditions. The four conditions were charac-
terized by different virtual walk environments (pine forest, farmed field, 
tree-lined city neighborhood, bustling city center). Participants were 
instructed to find a quiet place in which they felt comfortable to turn on 
computer sound or to use headphones; participants were also reminded 
to ensure their volume was at an appropriate level before continuing. 
Next, participants rated their current mood. Then, participants 
completed a 15-min virtual walk. At the end of the virtual walk, par-
ticipants were given a unique code to input into the survey to confirm 
that they had watched the entire video. Immediately after entering their 
unique completion code, participants completed the same mood mea-
sure that had been administered prior to the virtual walk. Next, partic-
ipants completed state measures of affect and anxiety, and rated the 
restorativeness of the virtual walk, in a randomized order. Following the 
state measures and restorativeness scales, participants completed trait 
measures of personality, anxiety, loneliness, and relatedness to nature, 
again in a randomized order. These measures were not hypothesized to 
change as a function of video condition but were collected to ensure that 
participants were well-matched across conditions. After completing the 
trait measures, participants completed a short demographic question-
naire. Finally, participants were asked to briefly describe what they saw 
and heard in the video in a free-response question. This was intended as 
an attention check to verify that participants had watched the video as 
instructed. Participants were then thanked for their participation, given 
monetary compensation for their time, and received a debriefing form 
containing the purpose and hypotheses for the study. Fig. 1 summarizes 
the experimental design. 

2.3. Materials 

The virtual walk videos (available on OSF; https://osf.io/xgkvn/) 
were selected from YouTube using the following keywords: first-person 
forest walk, first-person field walk, and first-person urban walk. Fig. 2 
provides representative screenshot images from each video, and Table 1 
provides a detailed description of each environment. The original videos 
ranged from 16 to 88 min in duration; however, the videos were trun-
cated for the purposes of the experiment to be exactly 15 min in dura-
tion. All videos used a first-person perspective. The pine forest walk was 
recorded on a nature trail along the Metolius River in Deschutes Na-
tional Forest in Oregon. The farmed field walk did not contain any tags 
with respect to a specific location; however, it depicted a walk on a farm 
through a green, grassy field. The tree-lined neighborhood walk was 
recorded in the Beacon Hill neighborhood of Boston, MA. The bustling 
city walk was recorded in New York city, specifically through Times 
Square and midtown Manhattan. In terms of greenery, the two nature 
videos were statistically comparable and both nature videos had 
significantly more greenery than each of the urban videos (Section 1 of 
the Supplementary Material).1 The videos were presented using jsPsych, 
an open-source JavaScript library for conducting psychological research 
in a web browser (de Leeuw, 2015). All questionnaire measures were 
administered using Qualtrics. 

1 The Supplementary Material is divided into two sections. Section 1 
(Perceptual Analyses of the Virtual Walks) performs additional analyses on the 
perceptual features of the virtual walks, specifically related to visual entropy 
and greenery. Section 2 (Comparing the Virtual Walks to Other Scenes) reports 
a follow-up experiment meant to assess the representativeness of the virtual 
walk stimuli with respect to their intended categories (e.g., the representa-
tiveness of the farmed field walk compared to novel farmed fields). 
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Fig. 1. Summary of the experimental design.  

Fig. 2. Still images from each of the virtual walks. 
Note: Panel A depicts the pine forest walk, Panel B depicts the farmed field walk, Panel C depicts the tree-lined neighborhood walk, and Panel D depicts the bustling 
city center walk. 

Table 1 
Description of virtual walk environments.  

Walk Description Weather Presence of other 
people 

Soundscape Visuals 

Pine forest A scenic forest hike along the 
Metolius River in Central Oregon, 
under the Ponderosa Pine of the 
Deschutes National Forest 

Mostly sunny, blue sky 
visible, no precipitation 

None Birdcalls and birdsong, 
running water, wind 
through trees 

Pine trees, river, small shrubs, dirt 
path, blue sky 

Farmed field A walk through a farmed (green 
wheat) field. 

Partly cloudy, blue sky 
visible, no precipitation 

None* Wind, rustling of wheat 
plants in the wind, crunch of 
footsteps, occasional 
birdsong 

Clouds, sky, rows of green wheat, 
trees, and manmade structures (e.g., 
barns) in the distance 

Tree-lined 
neighborhood 

An autumnal walk in Boston’s 
Beacon Hill Neighborhood. 

Cloudy, no blue sky (yet 
the sky still appears 
light), rainfall present 

Occasional (~25 
visible people over 
15 min) 

Rainfall, construction 
sounds, traffic (horns, 
engines) 

Red-brick historic buildings, cars, 
trees, ivy, brick sidewalks, roads, 
street signs 

Bustling city A walk in Midtown Manhattan and 
Times Square 

Mostly sunny, blue sky 
partly observable (above 
the tops of skyscrapers) 

Extreme (several 
hundred people 
over 15 min) 

Diesel engines, sirens, 
snippets of background 
conversation, traffic sounds 

Glass, steel, and concrete skyscrapers, 
vehicles (taxis, trucks, passenger 
cars), people, storefronts, billboards, 
traffic lights, street signs 

Note: *Although no people were present, a black dog is present for the walk and appears occasionally in the frame. 
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2.3.1. State measures 
Participants completed visual analog scale (VAS) mood measures 

immediately before and after watching the virtual walk video. The VAS 
asked participants to rate how they were feeling at that moment on five 
terms (happy, sad, calm, anxious, and lonely) using a 100-point slider 
scale with higher ratings indicating a greater extent of feeling that term. 
This measure was specifically designed for the present study and thus 
does not have prior data on reliability or validity; however, prior 
research using visual analog scales have reported strong reliability and 
validity, including when used for the assessment of mood (e.g., Ahearn, 
1997). Although test-retest reliability in the present study might be 
reduced due to systematic changes as a function of virtual walk condi-
tion, all terms showed good-to-excellent test-retest reliability (happy: r 
(176) = .85, sad: r(176) = .73, calm: r(176) = .75, anxious: r(176)=.73, 
lonely: r(176) = .79). 

The state component of the State-Trait Anxiety Inventory for Adults 
(STAI-S; Spielberger, 1983) was used to assess participants’ current 
feelings of anxiety after the virtual walk video. The STAI-S consisted of 
20 items (e.g., “I feel calm”, “I feel nervous”). Participants were asked to 
rate each item on a four-point Likert scale from 1 (not at all) to 4 (very 
much so). The STAI-S has been reported to have high reliability (internal 
consistency: α = .86-.95; Spielberger, 1983) and good construct and 
concurrent validity (Spielberger, 1989). In the present study, the 
observed internal consistency was high (α = .95). 

Similar to the STAI-S, the Positive Affect Negative Affect Schedule 
(PANAS; Watson et al., 1988) was used to measure affect after the virtual 
walk video. The PANAS contains 10 positive affect (e.g., “proud”) and 10 
negative affect (e.g., “guilty”) words that describe feelings and partici-
pants are asked to rate the extent of their current feelings on a five-point 
Likert scale from 1 (not at all) to 5 (extremely). The reliability of the 
PANAS is good (internal consistency: α = .86-.90 for Positive Affect and 
α = .84-.87 for Negative Affect; Watson et al., 1988). Additionally, the 
construct validity of the scale is strong (e.g., Crawford & Henry, 2004). 
In the present study, the observed internal consistency was high for both 
the positive (α = .90) and negative (α = .91) affect dimensions. 

2.3.2. Restorativeness scales 
The Mental Bandwidth Scale (MBS; Basu et al., 2019) is a seven-item 

scale designed to assess mental activities such as reflection and 
self-awareness during activities - in this case, the virtual walk. The scale 
contains three subcomponents. First, self-awareness addresses partici-
pants’ awareness of their surroundings and internal thoughts (e.g., 
“during this video, I was able to take note of thoughts and feelings”). 
Second, daydreaming is meant to assess mind-wandering (e.g., “during 
this video, to what degree were you lost in thought?”). Third, planning 
assesses the extent to which, during the virtual walk, participants were 
lost in thought for events in the past or future (e.g., “during this video, to 
what degree were you making plans for the future?“). Participants rated 
each item on a five-point Likert scale from 1 (not at all) to 5 (extremely). 
The MBS has good reliability for each subcomponent (self-awareness: α 
= .72, daydreaming: α = .81, planning: α = .83) as well as good 
construct validity (Basu et al., 2019). In the present study, the internal 
consistency was high for the overall scale (α = .73), as well as the 
daydreaming (α = .82) and planning (α = .72) subcomponents. In 
contrast, the self-awareness subcomponent was unacceptably low in the 
present study (α = .20). 

The Perceived Restorativeness Scale (PRS; Norling et al., 2008) is a 
nine-item scale meant to assess the therapeutic potential of environ-
ments, explicitly focused on activities - in this case, the virtual walk. 
Similar to the MBS, the PRS consists of three subcomponents. First, being 
away focuses on capturing the extent to which participants feel removed 
from the taxing demands of day-to-day life (e.g., “this activity is an 
escape for me”). Second, fascination addresses the attentional effort 
required for the task (e.g., “this activity has many fascinating qualities”). 
Third, extent captures the level of effort required to engage in the activity 
(e.g., “this activity sustains my interest”). Each item was rated by 

participants on a five-point item Likert scale from 1 (not at all) to 5 
(extremely) after viewing the virtual walk. The PRS has been shown to 
have adequate reliability (α > .75) and good convergent and discrimi-
nant validity (Hartig et al., 1997). In the present study, the internal 
consistency was quite high for the overall scale (α = .96), as well as for 
all the subcomponents (being away: α = .94, extent: α = .94, fascination: α 
= .92). 

2.3.3. Trait measures 
The Ten Item Personality Inventory (TIPI; Gosling et al., 2003) was 

used to assess the Big Five personality traits: (1) openness to experience, 
(2) conscientiousness, (3) extraversion, (4) agreeableness, and (5) 
emotional stability. Each item consists of a word pair (e.g., “extroverted, 
enthusiastic”), and participants rated the extent to which the words 
generally described them using a seven-point Likert scale, from 1 
(disagree strongly) to 7 (agree strongly). The TIPI has good test-retest 
reliability (mean r = .72; Gosling et al., 2003) but its internal consis-
tency is relatively poor (Extraversion: α = .68, Agreeableness: α = .40, 
Conscientiousness: α = .50, Emotional Stability: α = .73, Openness: 
α = .45; Gosling et al., 2003). However, with only two items per factor, it 
is not surprising that internal consistency would be low, and as such the 
strength of the TIPI is in its convergent and construct validity (Gosling 
et al., 2003). In the present study, the internal consistency was generally 
higher than previous reports (Extraversion: α = .89, Agreeableness: 
α = .60, Conscientiousness: α = .73, Emotional Stability: α = .87, 
Openness: α = .73). 

The trait component of the State-Trait Anxiety Inventory for adults 
(STAI-T; Spielberger, 1983) was administered to assess participants’ 
trait levels of anxiety (i.e., independent of the virtual walk manipula-
tion). Participants were instructed to rate 20 statements (e.g., “I lack 
confidence”) based on how they feel generally. The state and trait por-
tions of the state-trait anxiety inventory for adults were administered as 
two separate questionnaires. The response scale was identical to the 
STAI-S, and the reliability and validity discussion of the STAI-S applies 
to the STAI-T as well. In the present study, the internal consistency was 
high (α = .96). 

The short-form UCLA Loneliness Scale (ULS-8; Hays & DiMatteo, 
1987) was used to assess participants’ general feelings of loneliness in 
everyday life. Participants rated eight items (e.g., “I feel left out”) on a 
5-point Likert scale, ranging from 1 (not at all) to 5 (extremely). The 
ULS-8 is based on a larger 20-item scale, and the ULS-8 has been shown 
to have good reliability (internal consistency: α = .84; Hays & DiMatteo, 
1987) and excellent concurrent and convergent validity (e.g., the cor-
relation between the 8-item and 20-item versions is reported as r = .91; 
Hays & DiMatteo, 1987). In the present study, the internal consistency 
was high (α = .92). 

Lastly, the Nature Relatedness Scale (NRS; Nisbet et al., 2009) as-
sesses an individual’s general level of connectedness to the natural 
world. Participants were asked to rate 21 items (e.g., “my relationship to 
nature is an important part of who I am”) on a 5-point Likert scale, 
ranging from 1 (not at all) to 5 (extremely). The NRS has been shown to 
have good reliability (α = .87) and good construct and discriminant 
validity (Nisbet et al., 2009). In the present study, the internal consis-
tency was high (α = .93). 

2.4. Data analysis and exclusion criteria 

In a preliminary analysis, participants were removed from the data 
analysis if they completed the study in fewer than 20 min, were missing 
more than one answer on any questionnaire, or did not pass the atten-
tion check. To pass the attention check, participants had to describe 
what they experienced in the first-person walk in detail. The authors 
(GB, SVH) were able to reach a consensus in terms of what constituted 
sufficient detail. In total, of the 202 initial participants, 24 participants 
were removed based on these considerations, leaving a total of 178 
participants in the primary analysis (Pine Forest: n = 45, Farmed Field: 
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n = 48, Tree-lined Neighborhood: n = 41, Bustling City: n = 44). 
A one-way analysis of variance (ANOVA) was used to assess differ-

ences in the scales as a function of walk type (pine forest, farmed field, 
tree-lined neighborhood, bustling city), with walk type being a between- 
participant factor. As the VAS was the only scale administered both 
before and after the intervention, the analysis of the VAS used a 2x4 
ANOVA, with time (pre-intervention, post-intervention) as a within- 
participant factor and walk type (pine forest, farmed field, tree-lined 
neighborhood, bustling city) as a between-participant factor. Given 
the relatively large number of administered measures and subsequent 
ANOVAs, all analyses were subject to False Discovery Rate (FDR) mul-
tiple comparison corrections (Benjamini & Hochberg, 1995), imple-
mented in R. As such, all primary results report FDR-corrected p-values 
(q-values). If the q-value for a particular measure was significant, we ran 
post-hoc tests, which used Bonferroni-Holm corrections for multiple 
comparisons. 

3. Results 

3.1. Visual Analog Scale 

The VAS results are plotted in Fig. 3. Given that the VAS was the only 
measure that was administered before and after the virtual walk, we first 
assessed whether there were baseline differences among the walk con-
ditions. Although there were nominal differences among the walk con-
ditions, analyses of pretest scores for each of the five items (happy, sad, 
calm, anxious, lonely) were not significant (all qs > .210). 

For happiness ratings there was a main effect of time, F(1,174) =
25.39, q = .007, Cohen’s f = 0.38, with happiness ratings significantly 
increasing after watching the virtual walk. We also observed a signifi-
cant interaction of time and video condition, F(3, 174) = 7.54, q = .007, 
Cohen’s f = 0.36. This interaction was characterized by a significantly 
greater increases in happiness ratings for the pine forest video compared 
to both urban videos (both ps = .003). The increase in happiness 
observed in the farmed field video condition did not significantly differ 
from any of the other conditions (p > .242), and the two urban videos 
did not significantly differ from one another (p = .976). The main effect 
of condition was not significant, F(3,174) = 1.06, q = .507, Cohen’s f =
0.14. 

Sadness ratings did not show a significant main effect of time, F 
(1,174) = 2.44, q = 0.278, Cohen’s f = 0.12, nor a significant interaction 

of time and condition, F(3,174) = 1.79, q = .294, η2
p = .030. There was 

also no main effect of condition for sadness ratings, F(1,174) = 1.49, q =
.352, Cohen’s f = 0.18. Given the nonsignificant findings, no post-hoc 
analyses were performed. 

Calmness ratings showed a significant main effect of time, F(1,174) 
= 8.75, q = .025, Cohen’s f = 0.22, with calmness ratings significantly 
increasing after the virtual walk. Time also interacted with condition, F 
(3,174) = 6.36, q = 0.007, Cohen’s f = 0.33, suggesting that the relative 
increase in calmness ratings differed as a function of walk type. Spe-
cifically, the interaction was driven by the bustling city video, which 
showed a decrease in calmness ratings post-video and was significantly 
different from all other video conditions (all ps < .009). No other video 
conditions significantly differed from one another (all ps = 1). The main 
effect of condition was not significant, F(3,174) = 1.49, q = .352, 
Cohen’s f = 0.16. 

Anxious ratings showed a significant main effect of time, F(1,174) =
13.10, q = .007, Cohen’s f = 0.27, with anxiousness significantly 
decreasing after the virtual walk. Time did not significantly interact with 
condition, F(3, 174) = 3.30, q = .102, Cohen’s f = 0.24. Although the 
bustling city walk nominally increased anxious ratings, whereas all 
other walks nominally decreased anxious ratings, this interaction did 
not survive FDR corrections. The main effect of condition was also not 
significant, F(3,174) = 1.70, q = .298, Cohen’s f = 0.17. 

Loneliness ratings did not show a main effect of time, F(1,174) =
2.98, q = .238, Cohen’s f = 0.13, with loneliness nominally (but non- 
significantly) decreasing after the virtual walk. There was no signifi-
cant interaction between time and condition, F(3,174) = 0.48, q = .784, 
Cohen’s f = 0.09. There was also no significant main effect of condition, 
F(3,174) = 0.23, q = .878, Cohen’s f = 0.04. 

3.2. Mental Bandwidth Scale 

The daydreaming subscale of the MBS showed a significant effect of 
virtual walk condition, F(3,174) = 6.36, q = .007, Cohen’s f = 0.33. The 
pattern of results (Fig. 4) suggests that daydreaming was influenced in a 
graded fashion and was the highest for the pine forest walk and lowest 
for the bustling city walk. Post-hoc tests showed that both the pine forest 
and farmed field walks significantly differed from the bustling city walk 
(p < .001 and p = .028, respectively). Additionally, the difference be-
tween the pine forest and tree-lined neighborhood walks was marginally 
significant (p = .080). All other comparisons were nonsignificant (ps >

Fig. 3. Mood ratings as a function of virtual walk condition. 
Note: Ratings were made on a 100-point visual analog scale immediately before and after the virtual walk. Error bars represent ±1 standard error of the mean. 
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.293). 
The self-awareness subscale of the MBS did not significantly differ 

across virtual walk conditions, F(3,174) = 0.59, q = .720, Cohen’s f =
0.10. Mean scores for the pine forest, farmed field, tree-lined neigh-
borhood, and bustling city conditions were 2.98 (SD = 0.75), 2.90 (SD =
0.70), 2.83 (SD = 0.81), and 3.03 (SD = 0.82), respectively. 

The planning subscale of the MBS also did not significantly differ 
across virtual walk conditions, F(3, 174) = 0.83, q = .612, Cohen’s f =
0.12. Mean scores for the pine forest, farmed field, tree-lined neigh-
borhood, and bustling city conditions were 1.86 (SD = 0.89), 1.78 (SD =
0.93), 1.60 (SD = 0.61), and 1.67 (SD = 0.80), respectively. 

3.3. Perceived Restorativeness Scale 

The being away subscale of the PRS did not differ as a function of walk 
type, F(3, 174) = 2.60, q = .210, Cohen’s f = 0.21. Similar to the Day-
dreaming subscale of the MBS, the pattern across conditions was char-
acterized by a graded decrease as a function of green space, with the 
pine forest walk eliciting the greatest sense of being away and the 
busting city walk eliciting the lowest sense of being away (Fig. 4). 
However, it is important to note that this did not survive the FDR 
correction and thus should not be meaningfully interpreted. 

The fascination subscale of the PRS significantly differed as a function 
of walk type, F(3, 174) = 4.09, q = .042, Cohen’s f = 0.27. Unlike the 
MBS Daydreaming subscale, the Fascination subscale (Fig. 4) did not 
show a graded effect as a function of green space. Rather, post-hoc tests 
showed that the farmed field walk was rated as significantly lower in 
fascination compared to the pine forest (p = .021), and bustling city 
(p = .016), and marginally lower in fascination compared to the tree- 
lined neighborhood (p = .070). 

The extent subscale of the PRS did not differ as a function of walk 
type, F(3,174) = 0.66, q = .686, Cohen’s f = 0.11. The mean extent 
scores were 3.50 (SD = 1.19), 3.24 (SD = 1.20), 3.41 (SD = 1.16), and 
3.20 (SD = 1.04) for the pine forest, farmed field, tree-lined neighbor-
hood, and bustling city walks, respectively. 

3.4. Positive Affect Negative Affect Schedule 

The positive affect items of the PANAS did not significantly differ 
across virtual walk conditions, F(3, 174) = 1.33, q = .408, Cohen’s f =
0.15. The mean scores for the positive affect items of the PANAS were 
2.92 (SD = 0.92), 3.10 (SD = 0.72), 2.89 (SD = 0.71), and 3.18 (SD =
0.81) for the pine forest, farmed field, tree-lined neighborhood, and 
bustling city walks, respectively. 

The negative affect items of the PANAS also did not significantly 
differ across virtual walk conditions, F(3, 174) = 2.44, q = .210, Cohen’s 
f = 0.20. The mean scores for the negative affect items of the PANAS 

were 1.31 (SD = 0.52), 1.24 (SD = 0.53), 1.10 (SD = 0.17), and 1.37 (SD 
= 0.57) for the pine forest, farmed field, tree-lined neighborhood, and 
bustling city walks, respectively. 

3.5. State anxiety 

The state measure of the STAI did not significantly differ as a func-
tion of virtual walk condition, F(3, 174) = 1.75, q = .294, Cohen’s f =
0.17. The mean state anxiety scores were 1.66 (SD = 0.58), 1.65 (SD =
0.57), 1.46 (SD = 0.32), and 1.70 (SD = 0.62) for the pine forest, farmed 
field, tree-lined neighborhood, and bustling city walks, respectively. 

3.6. Trait measures 

None of the trait measures (Table 2) differed across the virtual walk 
conditions, suggesting that the participants were comparable in terms of 
personality, trait anxiety, loneliness, and general feelings of connect-
edness with nature. 

4. Discussion 

The current study was designed to assess whether brief, virtual walks 
through different natural and urban environments would influence 
measures of psychological well-being and restoration. We found clear 
evidence that the walks differentially influenced both affect and 
perceived restoration in a manner that could not be entirely predicted by 
nominal category (i.e., “natural” versus “urban”) or by the amount of 
green space in each environment. As such, our results highlight the 
potential benefits of virtual walks for improved well-being and resto-
ration. However, our results also suggest that common heuristics to 
determine the “naturalness” of an environment may not always provide 
the most appropriate means of representing restorative potential. 

In terms of affect, we found that the walks had differing effects on 
both positive and negative aspects of mood. All walks nominally 
increased participants’ ratings of happiness, but the pine forest walk led 
to greater increases in happiness compared to both walks through urban 
environments (tree-lined neighborhood and bustling city). The bustling 
city walk made participants feel less calm than before the walk, while all 
other walks, including the tree-lined neighborhood walk, made partic-
ipants feel calmer than before the walk. Interestingly, however, the 
virtual walks did not substantially change ratings of sadness or loneli-
ness. These results demonstrate that strict dichotomous categorization 
of walks into “natural” and “urban” can occlude the potential mood 
enhancing benefits of some urban environments (e.g., tree-lined neigh-
borhood), while also overestimating the benefits of others (e.g., the 
farmed field walk did not increase happiness ratings to the same extent 
as the pine forest walk). Despite some of the nuances observed across 
walk conditions, these affective results are generally consistent with the 
principles of SRT. Although the pine forest and farmed field were 
comparable in terms of green space (see Section 1 of the Supplementary 
Material for details), the greenery and natural elements in both videos 
were qualitatively different. In the pine forest, participants experienced 
wild vegetation and running water, which may rapidly confer affective 
changes due to the evolutionary significance of these features signaling 
thriving life (Ulrich, 1981; Ulrich et al., 1991). In contrast, the greenery 
contained within the farmed field walk was relatively homogenous and 
“tame” (e.g., containing clearly visible lines between rows of planted 
crops) and therefore may not have conferred the same affective re-
sponses in participants. As such, these results suggest that both the type 
and quality (i.e., biodiversity) of an environment’s green space con-
tributes to its potential for engendering affective changes. 

Although the findings from the VAS are consistent with SRT, an 
alternative explanation is that participants’ culturally developed pref-
erences for particular environments influenced their affective responses. 
In support of these findings, Meidenbauer et al. (2019) found that the 
preference for nature develops gradually, with children actually 

Fig. 4. Judgments of restorativeness as a function of virtual walk condition. 
Note: MBS = Mental Bandwidth Scale; PRS = Perceived Restorativeness Scale. 
Error bars represent ±1 standard error of the mean. 
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preferring urban environments. Meidenbauer et al. (2020) additionally 
found that other highly preferred images can engender similar affective 
benefits as nature. Other researchers have found that preference and 
place attachment can influence restoration (Ratcliffe & Korpela, 2016; 
Subiza-Pérez et al., 2021). In the auditory domain, listeners do not 
inherently prefer the acoustic features that are representative of nature 
sounds (Van Hedger, Nusbaum, Heald, et al., 2019). As such, the present 
findings are also consistent with a cultural developmental view, in 
which preferences for nature emerge more gradually and confer affec-
tive benefits due to this developed preference. One potential way of 
disentangling these theories would be to replicate the current experi-
ment in children, who might not have strong explicit preferences for 
nature (Meidenbauer et al., 2019). 

Given the walk-related changes in positive affect (e.g., happiness and 
calmness) measured by the VAS, it is perhaps surprising that we did not 
observe a similar effect of walk condition on the positive affect 
component of the PANAS. This could be due to a couple of reasons. First, 
the PANAS includes several terms in its positive affect dimension that 
may not be relevant to a virtual walk intervention (e.g., “proud” or 
“strong”; for further critique of the PANAS see Jovanović, 2015). Sec-
ond, the PANAS was not administered as a repeated measure, meaning it 
might have been less sensitive to changes brought about by the different 
walk conditions. In contrast, the negative affect results were more 
consistent across measures, in the sense that they had a generally weaker 
(or non-significant) relationship with the virtual walk. Specifically, we 
did not observe a significant effect of walk condition on sadness, 
anxiousness, or loneliness on the VAS, we did not observe a significant 
effect of walk condition on the negative affect component of the PANAS, 
and we did not observe a significant effect of walk condition on the state 
measure of the STAI. Thus, our results generally suggest that virtual 
walks through different green space environments might have a stronger 
tendency to increase positive affect rather than decrease negative affect. 
This is consistent with prior studies (e.g., Meidenbauer et al., 2020). 

The virtual walks in this study also had some effects on perceived 
restorativeness, in line with predictions grounded in ART. Both the pine 
forest and farmed field walks encouraged daydreaming more than the 
bustling city walk. Given that daydreaming stems from internally 
generated thought and is facilitated by the availability of higher levels of 
mental bandwidth (Basu et al., 2019; McMillan et al., 2013), these 
findings are conceptually aligned with prior studies that have used more 
stereotypical natural vs. urban categorizations (e.g., Berman et al., 
2012). However, it is also notable that the tree-lined neighborhood walk 
did not significantly differ from either nature walk in terms of the degree 
to which it encouraged daydreaming. 

Despite being “natural” and containing significant green space, the 
farmed field walk was rated lowest on the fascination component of the 
Perceived Restorativeness Scale, significantly lower than the pine forest 
walk. These results are consistent with ART (Kaplan, 1995) as a pine 
forest walk contains sufficient biodiversity to softly capture attention 
and is consistent with prior associations between nature and ART. In 
contrast, the farmed field walk was visually consistent and somewhat 
mundane, despite still taking place in a natural (i.e., not man-made) 

setting. This result suggests an environment’s restorativeness cannot 
be entirely predicted based on whether it is considered natural and 
urban and that not all natural environments softly capture attention, just 
like not all urban environments harshly capture attention. Notably, the 
pine forest walk and the farmed field walk were well matched on green 
space, but differed on content (e.g., biodiversity) and perceptual fea-
tures (e.g., entropy) that might contribute to the cognitive benefits of 
natural environments above and beyond the mere presence of green 
space. Indeed, the farmed field had significantly lower entropy 
compared to the pine forest (see Section 1 of the Supplementary Mate-
rial). Moreover, in a follow-up experiment (see Section 2 of the Sup-
plementary Material), a new set of participants rated farmed field 
images as significantly less biodiverse than pine forest images. Both of 
these findings support the idea that perceived features beyond greenness 
measures were likely contributing to the perceived differences in res-
torations between the pine forest and farmed field. 

It is additionally interesting to note that the bustling city walk was 
rated comparably to the pine forest walk in terms of fascination. Fasci-
nation is considered an integral component of a restorative environment 
(cf. Kaplan, 1995), and thus this finding was unexpected. However, one 
explanation for this pattern of results is that participants in the bustling 
city walk condition were actually rating “hard fascination” (i.e., situa-
tions in which directed attention is strongly engaged) rather than “soft 
fascination” (i.e., situations in which involuntary attention is captured, 
allowing directed attention to replenish). This potential interpretation is 
supported by the relatively low ratings of daydreaming in the bustling 
city walk condition. Additionally, in a follow-up experiment (Section 2 
of the Supplementary Materials), we found that pine forest images eli-
cited significantly higher fascination ratings than all other categories 
(farmed field, tree-lined neighborhood, bustling city), with the non-pine 
forest categories showing comparable (lower) fascination ratings – a 
pattern of results more consistent with ART. Thus, future research 
should consider administering both the PRS and MBS, as was done in the 
present study, to help clarify participant interpretations of restorative 
qualities. This approach might be particularly important given possible 
differences in how the items from each scale are applied to potentially 
restorative experiences. For example, the self-awareness subcomponent 
of the MBS displayed unexpectedly low internal consistency in the 
present sample, whereas all other subcomponents of both the PRS and 
MBS were acceptably high. These findings suggest that subcomponents 
of perceived restorativeness should be interpreted cautiously pending 
adequate reliability estimates. These potential discrepant findings with 
respect to perceived restorativeness could also be clarified with 
performance-based measures of attention or working memory. 

Exposure to nature is often reported to promote feelings of restora-
tion, both psychologically and physically (Kaplan, 1995; McMahan & 
Estes, 2015; Ulrich et al., 1991) and the current experiment is consistent 
with previous research in which exposure to nature improved psycho-
logical well-being. The present study demonstrates that virtual exposure 
to nature (via a simulated walk) is sufficient to impact psychological 
well-being, which suggests that virtual walks may constitute a promising 
intervention for psychological restoration outside of experimental 

Table 2 
Mean trait measures across virtual walk conditions.  

Measure PineForest FarmedField Tree-lined Neighborhood BustlingCity F Cohen’s f 

TIPI – O 4.77 (1.78) 5.04 (1.60) 5.44 (1.20) 5.49 (1.46) 2.20 0.20 
TIPI – C 4.62 (1.22) 4.73 (1.31) 4.90 (1.16) 4.82 (1.29) 0.40 0.08 
TIPI – E 3.18 (2.02) 3.37 (1.98) 2.89 (1.89) 3.88 (2.05) 1.87 0.18 
TIPI – A 5.36 (1.56) 5.72 (1.22) 5.65 (1.29) 5.49 (1.22) 0.68 0.11 
TIPI – ES 4.92 (1.85) 5.10 (1.80) 5.21 (1.52) 5.21 (1.80) 0.86 0.06 
STAI – T 2.04 (0.83) 1.97 (0.71) 1.87 (0.65) 1.80 (0.66) 0.91 0.12 
UCLA - L 2.34 (1.17) 2.02 (0.83) 2.20 (0.91) 2.00 (1.00) 1.20 0.14 
NRS 3.53 (0.78) 3.71 (0.78) 3.66 (0.78) 3.45 (0.79) 0.36 0.14 

Note: TIPI = Ten-Item Personality Inventory; O = Openness, C = Conscientiousness, E = Extraversion; A = Agreeableness; ES = Emotional Stability; NRS = Nature 
Relatedness Scale; STAI – T = State-Trait Anxiety Inventory, Trait; ULS-8 = UCLA Loneliness Scale. Standard deviations are printed in parentheses. 
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contexts. Prior studies comparing in vivo exposure and virtual exposure 
have reported that virtual exposure is associated with only moderate 
improvement in positive affect (McMahan & Estes, 2015). However, 
these studies have demonstrated that virtual exposure to nature is 
associated with decreases in negative affect comparable to real expo-
sure. One explanation for why exposure to virtual environments can also 
impact psychological well-being could be because virtual environments 
preserve low-level perceptual features that exist in real world 
environments. 

In the present study, the pine forest walk elicited the strongest pos-
itive impact on psychological well-being and restorativeness, but the 
tree-lined neighborhood walk had effects that were more aligned with 
the two “natural” videos than to the other “urban” video, particularly 
with respect to the pre-post VAS mood assessments. Berman et al. (2014) 
noted that visual features like non-straight edges may be associated with 
soft fascination and reflection, and the presence of these features might 
be key in eliciting the beneficial effects from interactions regardless of 
whether the environment is nominally natural or urban. Indeed, there is 
nothing exclusive about specific features (e.g., curved lines) and nature, 
as exemplified by emerging research in biophilic architectural design (i. 
e., built environments that mimic natural features; see Asim et al., 2020; 
Coburn et al., 2019). In the tree-lined neighborhood virtual walk, the 
non-straight edges in the form of tree branches and the constant sound of 
rainfall – features that are generally associated with nature (Berman 
et al., 2014; Van Hedger, Nusbaum, Heald, et al., 2019) and have been 
associated with attention restoration (e.g., Berman et al., 2008; Van 
Hedger, Nusbaum, Clohisy, et al., 2019) – might have further blurred the 
traditional boundaries between stereotypically natural and urban envi-
ronments. Moreover, beyond these lower-level perceptual features 
typically associated with nature, the tree-lined neighborhood also con-
tained historic buildings, relatively little traffic, and few other people 
present in the frame (Table 1), which represent broader cultural and 
social factors that likely contributed to the restorative potential of this 
urban environment (e.g., Bornioli et al., 2018a; Karmanov & Hamel, 
2008; Weber & Trojan, 2018). In contrast, the bustling city walk – which 
contained essentially no natural visual or auditory elements, modern 
architecture, heavy traffic, and hundreds of other people observable in 
the frame, is more aligned with the types of urban environments typi-
cally assessed in restoration research (e.g., Berman et al., 2008), which 
might ultimately undersell the restorative potential of urban environ-
ments (cf. Karmanov & Hamel, 2008). Thus, the results of the current 
study, consistent with the findings from Wood et al. (2018), point to the 
need to recharacterize “natural” beyond a single category. 

The current study has a few limitations. First, while the use of a 
virtual walks allows for the integration of both audio and visual expe-
riences, virtual exposure to different environments cannot capture the 
complex multi-sensory aspects of real-world interactions. Second, only 
two natural environments were assessed. Given the ecological and 
geographic diversity in the natural world, these results cannot be 
generalized to natural environments outside of those assessed in the 
current study (e.g., rainforest, beach, snow-capped mountains); how-
ever, this is an important area of exploration for future research. A third, 
related limitation is that we only tested a single virtual walk from each 
category, making it difficult to disentangle general claims about each 
category (e.g., farmed fields more broadly) from idiosyncratic features 
of each video (e.g., the specific weather, or walking path depicted in 
each video). However, this limitation was partially addressed in an 
additional experiment (Section 2 of the Supplementary Material), in 
which we found that still images extracted from each virtual walk were 
rated comparably to novel still images from each category (e.g., our 
farmed field was rated comparably to other farmed fields in terms of 
naturalness, biodiversity, and perceived enjoyment). Thus, our expec-
tation is that the present results would generalize to other, distinct vir-
tual walks within the same tested categories (pine forest, farmed field, 
tree-lined neighborhood, bustling city). Fourth, the present experi-
ment was administered online. Although online research is not 

inherently limited relative to laboratory-based research. For example, 
Hauser & Schwarz, 2016 report evidence that online participants are 
more attentive than university subject pool participants and Follmer 
et al., 2017 report that Amazon Mechanical Turk participants tend to be 
older and more ethnically and racially diverse than university subject 
pool participants. The present experiment required participants to 
passively watch a 15-min video without any direct prompting or 
attention checks during the video. Without controlling the participants’ 
surrounding environment as they watched the video, the degree to 
which the simulated walk was “immersive” cannot be known. Even 
though the participants were instructed to find a quiet place to complete 
the study, controlling the background environment is not possible in an 
online experimental context. Fifth, the present study did not include any 
performance-based measures of cognitive restoration. A recent review 
suggests that performance-based measures may be more stringent than 
self-report measures in assessing the true restorativeness of natural en-
vironments (Browning et al., 2021). Lastly, we did not collect 
socio-demographic measures apart from age and gender in this study, 
thus there is potential that our results might not generalize across 
socio-demographic populations. Despite these limitations the current 
findings offer a compelling example of the benefits virtual walks can 
have for improving psychological well-being and offer some interesting 
avenues for future research to assess within- and between-category 
differences when comparing natural and urban environments. Further-
more, the fact that the present study was conducted entirely online 
suggests that videos of virtual walks may represent a promising inter-
vention for improving psychological well-being, even outside of exper-
imental contexts. 

5. Conclusion 

The current study was designed to test the effects of different virtual 
walks through natural and urban environments on psychological well- 
being and perceived restorativeness. We found that a virtual walk 
through a pine forest was capable of improving psychological well-being 
and invoking feelings of restorativeness, with walks through different 
environments having some similar and some different effects. The re-
sults presented here highlight the importance of examining within- 
category differences between multiple stimuli that might be labeled as 
“natural” or “urban” even when environments are comparable on met-
rics such as amount of green space. Future research should consider each 
environment in terms of its own properties (e.g., fascination, perceptual 
complexity, low-level visual and acoustic features) rather than in a 
dichotomized way, as this promises to aid in our understanding and 
appreciation of the apparent psychological benefits of interacting with 
nature. 
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