Downloaded by University Of Utah from www.liebertpub.com at 06/17/21. For personal use only.

ORIGINAL ARTICLES

Providing Virtual Nature Experiences
to Incarcerated Men Reduces Stress
and Increases Interest in the Environment
Nalini M. Nadkarni,1 Tierney M. Thys,2 James S. Ruff,1
Allison Anholt,1 Jeff Treviño,3 and Sara K. Yeo4
1

School of Biological Sciences, University of Utah, Salt Lake City,
Utah, USA.
2
Ichthyology Department, California Academy of Sciences, San
Francisco, California, USA.
3
Department of Recording and Music Technology, College of Arts,
Humanites, and Social Sciences, California State University,
Monterey Bay, Marina, California, USA.
4
Department of Communications, University of Utah,
Salt Lake City, Utah, USA.

Abstract
Humans gain multiple health benefits through contact with the green
and blue parts of the world. However, many people do not have
access to such places, including more than two million adults
who are incarcerated. Building on studies that have shown positive
emotional and mood effects when inmates in solitary confinement
were exposed to nature videos featuring nonhuman built environments in their cellblocks, we measured physiological effects of
interventions of nature visual imagery and sounds (from forests,
mountains, streams, and ocean) on incarcerated adult males. We
documented the following: (1) stimuli from nature media were able to
decrease stress levels as measured by cortisol and galvanic skin response levels of stress or proxies for stress levels, (2) mode of delivery
(audio vs. visual) differentially influenced some aspects of stress indicators, (3) exposure to nature stimuli evoked interest in learning
more about the depicted habitats, and (4) different habitats elicited
different responses. Participants reported, through written surveys,
feeling more calm, less anxious, and less depressed after viewing na-

DOI: 10.1089/eco.2020.0043

ture videos and/or listening to nature sounds and stated little or no
preference for visual versus audio stimuli. This type of intervention
shows promise as fulfilling the goals of correctional administrators and
those concerned with human mental and physical health of populations with little or no contact with the benefits of actual nature experiences. Findings from this study provide foundational information
for future studies on different correctional populations, and other
nature-deprived populations. Key Words: Nature imagery—Nature
sounds—Incarceration—Solitary confinement—Ecopsychology

Introduction

H

umans gain physical, spiritual, and mental health benefits
through contact with the natural world (Frumkin, et al.,
2017; Kahn & Hasbach, 2012; Kaplan, 1995). However, our
species is becoming increasingly disconnected from the
nonbuilt green and blue parts of our world. People, especially children, spend less time engaged directly in recreational activities
(Larsen, Green, & Cordell, 2011), and spending >90% of our time
indoors has been correlated with major health issues (Frost, 2010;
Nielsen, 2016; Stone & Faulkner, 2014) such as cardiovascular disease, high blood pressure, and obesity (Dye, 2008; Shanahan, Fuller,
& Bush, 2015). Separation from the green and the blue can also
reduce the ethical foundation for stewardship as well as commitments to the conservation of natural resources (Miller, 2005).
In contrast, increasing real and virtual contact with elements of
the green and blue can help reduce stress and irritability, improve
cognition, speed physical healing, and reduce violent behaviors
(McMahan & Estes; 2015, Nadkarni, Hasbach, Thys, Gaines, &
Schnacker, 2017; Soga & Gaston, 2016; Williams, 2017).
Engaging with the nonhuman dominated parts of the world in a
variety of ways can help mitigate the negative effects of nature
deprivation, including what Kahn and Kellert (2002) term vicarious
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nature experiences (VNEs). VNEs involve nature contact in the absence of physical contact with natural settings, for example,
watching nature videos, reading natural history magazines, and listening to recorded bird sounds (Bratman, Hamilton, & Daily, 2012).
Such experiences can provide microrestorative effects that can
accumulate to improved physical health and well-being (but see
Friedman, Freiera, Kahn, Lina, & Sodemana, 2008; Kahn, Severson, &
Rickert, 2009; Kaplan, 1993; Moore, 1981).
Although a growing number of studies document the numerous
positive effects of VNEs on nature-deprived populations, more research
is required in four main areas. These include (1) the physiological effects of VNEs, (2) the optimal VNE content for mitigating negative
effects of nature deprivation, (3) whether VNEs motivate learning about
the content presented, and (4) the optimal modes of VNE delivery (e.g.,
visual vs. audio). Most studies of VNEs have relied on visual content
(Berman, Jonides, & Kaplan, 2008; Leather, Di Beale, & Lawrence, 1998;
Ulrich, et al., 1991), but the benefits of VNEs, in the form of natural
sound environments (e.g., forests with birdsongs, ocean with waves,
and mountains with wind), have also been increasingly documented
(Annerstedt, et al., 2013; Medvedev, Shepherd, & Hautus, 2015). The
efficacy of these natural sonic environments, even in the absence of
visual stimuli, has been demonstrated in a variety of settings including
hospitals where anxiety levels were measured in cardiac surgical patients and coronary artery bypass graft surgery patients (Amiri, Sadeghi, Negahban Bonabi, 2017; Bauer et al., 2011), laboratory settings
where recovery time from psychological stressors was measured (Alvarsson, Wiens, & Nilsson, 2010), and assisted living centers and mental
health wards where positive experiences in gardens were measured
(Benfield, Taff, Newman, & Smyth, 2014; Cérwen, Pedersen, & Pálisdóttir, 2016; Devos et al., 2019).
Contact and connections with the green and blue parts of the world
are especially critical in venues where such access is minimal, for
example, inner-city sectors and windowless office spaces (Bjørnstad,
Patil, & Raanaas, 2016). Of particular concern are severely naturedeprived venues such as military barracks, assisted living centers,
homeless shelters, and correctional institutions where, collectively,
an estimated 5.2 million individuals live and work (ca. 1.7% of the
U.S. population) (Nadkarni et al., 2017).
In this study, we build directly on a study that documented effects
of digitally delivered nature videos on the moods, attitudes, and
behaviors of incarcerated men at the most extreme end of the nature
deprivation spectrum serving extended sentences in solitary confinement (Nadkarni et al., 2017). In this study, we expand this research
to include adult males in a general prison population in Salt Lake
City, Utah. General prison populations afford researchers greater
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accessibility than solitary confinement populations, allowing us to
conduct more hands-on research involving physiological measurements and records of self-assessed emotions to address four research
questions:
1. What are the physiological stress responses and perceived
stress responses of incarcerated individuals to digitally delivered video and audio nature recordings?
2. How does the medium of delivery (visual vs. audio) affect
responses?
3. Does exposure to digitally delivered video and audio nature
recordings motivate incarcerated individuals to learn more
about the natural world through written educational materials?
4. Do visual images and sounds of different habitat types elicit
measureably different physiologic responses?
Offering science and nature interventions to the severely naturedeprived populations in correctional instititutions brings mixed
responses within our own research team and public. Some applaud
the humanizing prospects of these offerings and acknowledge their
potential for inmate remediation. Others feel such practices condone
a morally reprehensible and flawed system and merely delay or
thwart efforts toward their dismantlement. We acknowledge these
viewpoints and also recognize that mass incarceration is a large and
complex issue that will take commitment for change from many
sectors of society. We offer this study and our previous work as
potential tools to help the lives of those currently incarcerated, while
larger scale amendments to the existing corrections system can be
put into place.

Materials and Methods
General study design
Our study is Early-Stage or Exploratory Research defined by
the Institute for Educational Science (2013) as investigations that
examine relationships among key constructs without necessarily
establishing causality. We assessed physiological stress indicators of
incarcerated individuals compared with self-reported emotions and
receptivity to education immediately after presenting visual and
audio components from four recorded natural habitats. Physiological
stress indicators included salivary cortisol and galvanic skin response (GSR) accompanied by facial expressions. Self-reported
emotion and receptivity to supplemental education were documented
with short written surveys.
The study including the consent letter, survey documents, study
logic model, and recruitment flyer texts was reviewed and approved
by the institutional review board (IRB) of the University of Utah
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(IRB_00073667). Physiological data (cortisol, GSR and facial emotional presentation) have been anonymized and will be deposited
on Dryad upon acceptance of the article; survey data are summarized
in this article.
Study administration
This study was administered by the University of Utah’s Initiative
to bring Science and Nature Programs to the Incarcerated (INSPIRE),
a program established in 2014 (Nadkarni & Morris, 2018). Since 2012,
the INSPIRE program has built strong and trusting relationships in
the Utah prison community and has provided access to cellblocks,
officers, and adjacent meeting rooms. The study was conducted at
the Salt Lake County Jail, which is administered by the Salt Lake
County Sheriff’s Office and houses *2300 incarcerated individuals
at all security levels in five cell blocks.
Recruitment
Each day, a selection of incarcerated individuals who met the
criteria outlined hereunder was brought by officers from minimum
and medium security cellblocks to the same secure study room
(10.7 · 4.6 m) adjacent to one cellblock (Cellblock ‘‘D’’). Interventions
were delivered to men only because of logistical constraints (i.e., it is
not possible to mix gender in moving or working with the subjects)
and because cortisol levels can be affected by menstrual cycles (Wolf,
Schommer, Heilhammer, McEwen, & Kirschbaum, 2001). Participation was voluntary. A total of 71 participants were selected based on
the following criteria: male, between the ages of 18–50 years, able
to understand written and spoken English at the fifth-grade level, and
serving an incarceration lasting for at least 1 month at minimum or
medium security level. The Salt Lake County Jail administration and
staff were responsible for selecting individual participants meeting
these criteria, taking into account any security risks, logistics of
moving participants to study area, and their mental health needs.
Once recruited, individual participants were given consent documentation and the opportunity to participate or decline to participate.
No participants declined to participate in the research activities.
Experimental design
Video imagery and auditory experiences. Nature imagery and sounds
were sourced from the archives of National Geographic Society and
featured primarily North American habitats. Habitats were selected to
be generically representative of four habitat types (forest, mountain,
ocean, and stream) without iconic recognizable landmarks or features. When the visual imagery did not have an accompanying
soundtrack or had a poorly recorded soundtrack, alternative higher

quality soundtracks were sourced and matched to the habitat. Stimuli
were made into four series. Each series lasted 12 min and was divided
into 3-min increments of forest, mountain, ocean, or stream. The
order of the habitat types was selected randomly by the iMotions
software (iMotions 8.0).The same design was followed for the audio
stimuli.
Measures of responses
Self-reported responses. To assess impacts of VNEs on this audience,
we modified prior evaluation instruments that were created for two
previous related studies that evaluated the effects of (1) science lectures on people who are incarcerated (Nadkarni & Morris, 2018) and
(2) nature imagery on men incarcerated in solitary confinement
(Nadkarni et al., 2017). The evaluation instruments included surveys
adapted from other studies (Dunlap, Van Liere, Mertig, & Jones, 2000;
Moore & Foy, 1997) based, in part, on the theories of planned behavior (de Leeuw, Valois, Ajzen, & Schmidt, 2015) and reasoned
action (Ajzen and Fishbein, 1980). The surveys were short, with
simple language because of time limitations for each session (due to
security and inmate management constraints). The surveys allowed
broader participation given the varied and, in some cases, limited
literacy, attention spans, and educational levels of participants
(Supplementary Data S1). Questions were answered using a 5-item
Likert-type scale ranging from Strongly disagree to Strongly agree,
with a neutral answer of Unsure. Data were analyzed using IBM SPSS
Statistics 26 for analyses.
Survey design and data management were conducted in collaboration with the Utah Education Policy Center, an independent educational
research organization within the University of Utah. Using data from
our previous study of nature imagery effects (Nadkarni et al., 2017), we
conducted a power analysis using G*Power (Faul, Erdfelder, Buhner, &
Lang, 2007; IBM SPSS Statistics 26) to determine the number of individuals needed. The sample size was calculated using the ANOVA:
Fixed effects, omnibus, one-way setting. The following parameters were
used: effect size (f) = 0.36, a = 0.05, and power = 0.8. Effect size was
calculated assuming comparisons between the four treatment groups
using the lowest and highest mean positive and negative affect schedule (PANAS) positive affect scores from the Nadkarni et al. (2017)
study. Results indicate a minimum of 40 individuals provide sufficient
statistical power for our analyses.
Physiological measures. Two physiological measures were used to
compare the responses of participants’ pre- and postexposure to
VNEs and to detect differences between video and audio stimuli. First, we measured salivary cortisol, an established measure of
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physiological stress (Smyth et al., 2013), that features a relatively
short (1–2 min) response time (Bozovic, Racic, & Ivkovic, 2013) and
can be collected easily by gathering saliva samples. We followed
protocols for Salivette brand tubes that were stored until use at room
temperature. After saliva collection, the tubes were placed on dry ice
and shipped to the Sartstedt laboratory in Numbrecht, Germany,
where each sample was assessed. Second, we measured GSR, a
recognized method for stress detection (Kaiser & Roessler, 1970),
accompanied by simultaneous facial recognition software (Affectiva,
Affectiva.com) that recorded facial responses to stimuli and aided in
determining positive or negative affect (Lei, Sala, & Jasra, 2017).
Data collection
We collected data during two sessions a day for 10 consecutive
days in early 2020. Each morning between 08:30 and 10:30 local
time, five enrolled participants were brought by two officers into the
study room. They were given consent documents, a brief introduction
to the study, and asked to provide saliva into the Salivette tubes for
their first cortisol test. In reality, the first 2 days of GSR and facial
recognition data collection were discarded due to unforeseen technical issues and only one session could be completed on days 7, 8,
and 10. Participant identification numbers were marked on each
tube. At each session, two of the five participants without extensive
facial hair (which could affect readings, A. Larum, pers. comm.) were
chosen randomly to participate in the GSR and facial analysis
data collection. Participants were also given the opportunity to
decline to participate; however, none did. This process resulted in
26 participants for GSR and 25 of these participants for facial data
as 1 individual’s facial measures were excluded due to technical issues. After connecting two participants to GSR devices (Imotions,
Shimmer3GSR+), all five participants were given their first survey
(Time 1) that asked about their opinions of nature, science, and their
current emotional state (Supplementary Data S1). Surveys from all
10 days of the study were used and 71 participants returned a survey with 65 of these being sufficiently complete to be included in
analysis.
The participants were then given the first treatment—whether visual or audio VNEs (Time 1). After the initial treatment, participants
were given a second survey (Time 2), matching the same questions as
the first survey to assess changes in emotional state or perceptions of
nature. Participants were then administered the other 12-min mode
type: visual or audio. The order of habitat type was randomized by
the software. After exposure to both types of nature media (Time 3),
participants were given a final survey and final salivary cortisol swab
to assess potential changes over both treatments (Table 1).
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Table 1. Schematic of Measures of Responses Administered
to Monitor Impacts of Interventions (Surveys, Salivary
Cortisol Swabs [‘‘Cortisol’’], or Galvanic Skin Response
and Accompanying Facial Recognition)
TIME 1

INTERVENTION 1 TIME 2 INTERVENTION 2

Survey 1

VNE 1

Cortisol 1

VNE 1

Survey 2

TIME 3

VNE 2

Survey 3

VNE2

Cortisol 2

GSR, facial recognition
Interventions 1 and 2 were sequences of either visual imagery or audio VNE,
randomly assigned by order (visual vs. audio first). Time 1 occurred before any
intervention, Time 2 occurred after the first Intervention, and Time 3 occurred
at the end of the second intervention.
GSR, galvanic skin response; VNE, vicarious nature experience.

Data validation
Data comprised three types: surveys (n = 65), salivary cortisol
readings (n = 65), and physiological [GSR (n = 26) and facial recognition data (n = 25)]. Format of outputs of GSR and facial analysis
were compiled based on parameters recommended by the manufacturer. A threshold of -15 and +15 was used to determine whether or
not the individual had a response. This threshold was set after discussion with the manufacturer and after trials with a range of
thresholds. A GSR peak was defined by the following parameters:
Phasic Data Averaging Window, 8000 ms; Low Pass Filter Cutoff,
5 Hz; Signal Peak Detector, Peak Onset/Start Threshold, 0.01 mS; Peak
Offset/Stop Threshold, 0 mS; Signal Jump Threshold, 0.1 mS; Peak
Amplitude Threshold, 0.005 Delta value; binning procedure that
adapts to sample timestamps, bin window size, 5000 ms; and bin
window overlap, 1000 ms.
Although data collection was conducted in a room adjacent to,
rather than inside, the main cellblocks, ambient noise was apparent
throughout. Given these conditions, we were concerned that physiological data might be affected by (1) individual responses to external
stimuli such as doors slamming, voices heard outside or, (2) having
participants turn their heads to notice these noises and/or nonparticipants through the window looking into a cellblock housing area.
Simple movements such as moving the hand connected to the GSR
device, yawning, or putting hands to face affect physiological
readings and potentially impact results (A. Larum, personal communication). Participants were asked before data collection not to
move their hands or look around while the camera was recording.
Researchers made notes on each potential distraction during
data collection, but did not intervene. After data collection, two
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researchers viewed a sample of 20% of the video and data output
together and conferred on whether or not an abnormal physiological
response was due to any external stimuli. After agreement, one researcher used the same procedure to assess the remaining samples,
and data were eliminated if changes in physiological measures were
deemed due to external stimuli.
Statistical analyses
Survey data. Subjects responded to survey questions at three timepoints using an ordinal 1–5 scale. Friedman tests were used to determine whether the distribution of responses for each question
differed between times 1, 2, and 3. If the results of the Friedman tests
were significant, follow-up pairwise Wilcoxon tests were conducted,
controlling for Type I error using the least significant difference
procedure. Sample size per question varied based on the completeness of individual responses (R Core Team, 2019).
Cortisol and GSR measures. Pre- and post-treatment cortisol levels
of 65 individuals were compared using a paired-Wilcoxon test as
cortisol data were found to significantly differ from assumptions of
normality. Likewise, separate nonparametric Spearman correlations
were used to assess relationships between cortisol level and GSR peak
count (n = 26) and mean GSR peak amplitude (n = 24) in a subset of
individuals.
Habitat and GSR measures
The influence of audio and visual nature stimuli on both the count
of GSR peaks and their amplitude was assessed using mixed-effect
models. The GSR peak count was assessed with a generalized linear
mixed model (GLMM) with a Poisson distribution and logarithmic
link, predicting GSR peak counts by modeling the fixed-effects of
mode of delivery (audio or visual), habitat (forest, mountain, ocean,
and stream), a mode-of-delivery-by-habitat interaction, and the
presentation order of each stimulus (1–4), whereas individual ID
was included as a random effect. GSR peak amplitude was assessed
using a linear mixed model (LMM), predicting GSR peak amplitude
(Ln transformed) by modeling the same fixed and random effects
included in the GSR peak count model. Final models were selected
from candidates that included the random effects of individual, day,
session, and the order of audio versus visual stimuli based on corrected Akaike information criterion (AICc) scores and the absence of
convergence issues. All mixed-effect models were run in R (version
3.6.1) using the lme4 package (Bates, Maechler, Bolker, & Walker,
2015) for LMMs degrees of freedom. Resulting p-values were estimated using a Satterthwaite approximation (lmerTest) (Kuznetsova,

Brockhoff, & Christensen, 2017), and AICc scores were calculated
using the AICcmodavg package (Mazerolle, 2019).
Habitat and the facial presentation of negative emotions
Overall emotional state (positive, neutral, or negative) was assessed across the entirety of the study on 25 participants using a
nonparametric Friedman test and Dunn’s multiple comparison tests.
The percentage of frames in which an individual subject possessed
facial characteristics associated with negative emotions while viewing visual habitat stimuli was modeled using an LMM. The percentage of positive frames experienced by habitat was not formally
assessed, as few individuals exhibited these facial characteristics
(only 9 out of 100 observations. The percentage of frames with negative emotions was predicted with the fixed effect of habitat and the
random effect of individual (n = 25). As the data were positively
skewed, a GLMM with the same effect structure, a logarithmic link,
and Poisson distribution was also performed on the raw count of
frames in which an individual was expressing negative emotions.
This model yielded results similar to the LMM, and the LMM is presented, as its interpretation is more straightforward.

Results
In answer to our first question on the physiological stress responses
of the incarcerated individuals to different audio and visual nature
media, survey responses indicated that, over the course of the study,
respondents had changes in their levels of stress. Self-reported stress
levels and negative emotions declined after the initial treatment,
whereas positive emotions increased for the last measure (Table 2).
However, in response to our second question on the stress responses of the incarcerated individuals to auditory versus visual
mode of delivery, we documented mixed results. In the survey responses, no preference was detectable between audio and visual
stimuli. Likewise, responses also indicated that either listening to
and/or viewing nature stimuli made participants calmer and less
anxious and depressed (Table 3) with no preference between mode of
delivery (mean score = 3.23).
Cortisol levels did not directly differ due to exposure to nature
stimuli; however, the count of GSR peaks and their amplitudes were
correlated with changes in cortisol levels. Although measures of
cortisol before, and after, treatment to nature media were correlated
(Spearman; r = 0.554, p < 0.001), there was not a significant difference in pre- and post-treatment cortisol levels (Fig. 1A; Wilcoxon;
W = 171, p = 0.571). We observed a marginally significant negative
trend between the count of GSR peaks and the change of cortisol level
(Cortisolpost – Cortisolpre) (Fig. 1B; Spearman; r = -0.367, p = 0.065).
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Table 2. Survey Response Concerning Stress Level and Positive/Negative Emotions Over the Duration of the Study
WSR TEST
AUDIO FIRST

WSR TEST
VIDEO FIRST

T1>T2 and T3

T1>T2 and T3

T1>T2 and T3

3.48

T1>T2

T1>T2<T3

—

2.92

3.44

T1<T2<T3

T1 and T2<T3

T1<T2 and T3

3.10

3.05

3.39

T2<T3

—

—

Attentive

3.47

3.39

3.49

—

—

—

Active

3.24

3.22

3.51

T2<T3

—

T2<T3

Positive affect mean

3.18

3.17

3.46

T1 and T2<T3

T2<T3

T1 and T2<T3

Ashamed

1.56

1.27

1.26

T1> T2

—

—

Afraid

1.31

1.16

1.20

—

—

—

Nervous

1.97

1.44

1.41

T1>T2 and T3

T1>T2 and T3

T1>T2 and T3

Upset

1.47

1.15

1.19

T1>T2 and T3

T1 >T2 and T3

T1>T2

Hostile

1.23

1.10

1.11

T1>T2

—

—

Negative affect mean

1.51

1.23

1.24

T1>T2 and T3

T1>T2 and T3

T1>T2 and T3

MEAN T1

MEAN T2

MEAN T3

WSR TEST

2.45

1.81

1.57

Alert

3.53

3.25

Inspired

2.54

Determined

At this moment, I feel stressed.
1 = strongly disagree, 2 = disagree,
3 = unsure, 4 = agree, 5 = strongly agree
Indicate to what extent you feel
this way right now.
1 = very slightly or not at all
2 = a little
3 = moderately
4 = quite a bit
5 = extremely

Positive affect

Negative affect

T1–T3, times 1–3; WSR, Wilcoxon sign rank.

Similarly, there was a statistically significant correlation between
mean GSR peak amplitude and changes in cortisol (Fig. 1C; Spearman; r = -0.625, p = 0.001).
Our survey results addressed our third question, whether exposure
to nature imagery and sounds motivate incarcerated individuals to
learn more about these nonhuman dominated environments and
sounds. Respondents were more interested in taking nature courses at
time 3 (median = 6) relative to times 1 (median = 5) and 2 (median = 5;
w2F[2, n = 56] = 6.53, p = 0.038). Kendall’s coefficient of concordance
was 0.058; differences between responses at the three times were
weak. Follow-up pairwise comparisons showed that the median interest in taking a nature (alt: biology/ecology) course was significantly greater at time 3 relative to both times 1 ( p = 0.020) and 2
( p = 0.019). However, the difference in interest between times 1 and 2
was not significant ( p = 0.253). There were no significant differences
in interest in working in careers that allowed respondents to use
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nature-related skills (e.g., tree trimmer) or knowledge but inmates
expressed wanting to learn these skills and increase their knowledge
(w2F[2, n = 54] = 17.534, p < 0.001). Kendall’s coefficient of concordance was 0.162, indicating some difference among the scores collected at the various times. Median values of these scores at times 1, 2,
and 3 were 5, 5, and 6, respectively. Pairwise Wilcoxson comparisons revealed that differences were significant between all three
times (time 1 vs. time 2: p-0.038, time 1 vs. time 3: p = 0.002, time 2
vs. time 3: p = 0 .029).
We received mixed responses about whether different habitat
types—forest, stream, ocean, and mountain—elicited measurably
different responses. Written survey results indicated no difference
between sounds and videos. Based on participants’ reports of what
they would like to have in common areas, videos were rated more
highly than sounds. On average, participants endorsed all of the
sounds and videos, but the highest rated were videos of streams and
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Table 3. The Influence of Nature Stimuli on Specific Emotions
MEAN VIDEO FIRST

MEAN AUDIO FIRST

MEAN COMBINED

SINGLE SAMPLE WSR t

1.79

1.85

1.82

3.32 (ns)

3.67

3.51

All means are significantly different
than 3 (the midpoint), except for
anxious video first

Depressed

3.71

3.73

3.72

T2
How did listening/viewing make you
feel?
1 = much more, 2 = slightly more,
3 = the same, 4 = slightly less,
5 = much less

Calm

Aggressive

3.93

3.91

3.92

T3
Nature sounds (without video) in
common areas would make me
feel.

Calm

1.82

1.74

1.78

Anxious

3.79

3.94

3.87

Depressed

4.18

3.86

4.00

Aggressive

4.29

4.15

4.21

Calm

1.82

1.77

1.79

Anxious

3.82

3.86

3.84

Depressed

4.07

4.12

4.10

Aggressive

4.39

4.29

4.33

T3
Nature videos in common areas
would make me feel.

Anxious

lakes, videos of ocean and beaches, and sounds of streams, followed
by videos of mountains. A Friedman test was conducted to evaluate
differences in responses to sounds and videos. The test was significant, w2F(8, n = 54) = 36.586, p < 0.001, but Kendall’s W was 0.085,
indicating that differences were relatively weak. Follow-up Wilcoxon tests were conducted and p-values are given in Table 4.

A

B

All means are significantly different
than 3 (the midpoint).
There was no indication that there
were differences between
participants who watched the video
first vs. audio first.
There was no indication of
differences between videos or
sounds in terms of how participants
predict they will feel

We found that both modes of delivery (visual vs. audio) and
habitat influenced the count of GSR peaks (Supplementary Table S1).
However, habitat did not influence the number of peaks elicited by
audio stimuli, but it did influence the number of responses due to
visual stimuli (Fig. 2A). Moreover, forest habitats provoked more
GSR responses through visual stimulus than through audio, whereas

C

Fig. 1. Pre- and post-treatment cortisol levels (A) and their relationship with GSR peak count (B) and GSR peak amplitude (C). (A) There was
no significant difference between pre- and post-treatment cortisol levels. (B) A trend was observed wherein individuals with greater counts
of GSR peaks had decrease in levels of cortisol (Cortisolpost – Cortisolpre). (C) Likewise, individuals with greater mean GSR peak amplitude
had more negative changes in cortisol. Pre- and post-treatment cortisol levels are connected for individuals and dotted lines represent
no change in cortisol levels across timepoints. Each data point represents an individual, solid trendlines depict statistically significant
relationships, and dashed lines depict marginally significant trends. GSR, galvanic skin response; VNE, vicarious nature experience.
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Table 4. p-Values of Pairwise Wilcoxson Tests Comparing Survey Responses of Audio
and Visual Nature Stimuli Shown to Inmates
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Audio
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(1) Forests
(2) Streams

<0.001

(3) Oceans

0.011

0.498

(4) Mountains

0.420

0.043

0.059

(5) Birds

0.451

<0.001

0.007

0.321

(6) Forests

0.012

0.302

0.888

0.183

0.001

(7) Mountains

0.013

0.631

0.907

0.123

0.003

0.595

(8) Oceans

0.007

0.508

0.873

0.141

0.005

0.600

0.945

(9) Streams

<0.001

0.226

0.084

0.006

<0.001

0.020

0.084

Visual

the opposite was true for ocean habitats (Fig. 2A). The order in which
stimuli were presented did not influence the number of GSR peaks
(Fig. 2B; GLMM; z = -1.594, p = 0.111).
Similar to GSR peak data, mode of delivery and habitat were also
found to influence the amplitude of GSR peaks (Supplementary
Table S1). Habitat did not influence the amplitude of peaks elicited by
audio stimuli (Fig. 3A); however, it did influence the strength of
responses due to visual stimuli (Fig. 3A). Moreover, stream habitats
provoked more intense GSR responses through audio stimulus than
through visual stimulus, and a similar trend was observed for ocean
stimuli (Fig. 3C). In contrast to peak count data, the order in which
stimuli were presented did positively influence the amplitude of GSR
peaks (Fig. 3B; LMM; z = 2.404, p = 0.016), that is, responses to the
second stimulus were stronger than the first stimulus regardless of
habitat type.
The facial recognition data indicate that participants were most
likely to present a neutral emotional state and that there was no
influence of habitat on the percentage of time a subject demonstrated negative emotions. Facial presentation of emotional state
was predominantly neutral (occurring >90% of the time), whereas a
negative emotional state presentation was more common than a
positive emotional state presentation (Fig. 4A). Across each habitat,
subjects presented negative emotions *4.2% of the time (Fig. 4B)
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0.033

with a majority of the variation being explained on an individual
basis (Supplementary Table S2).

Discussion
We measured stress or indicators and proxies of stress in four
independent ways: written surveys of self-reported emotions, salivary cortisol, GSR (count of peaks and their amplitude), and facial
presentation of negative emotions. Although our results provided
mixed outcomes, three trends emerged: (1) stimuli from nature media
affected both perceived stress levels and proxies for stress levels
(GSR), (2) mode of delivery (audio vs. visual) differentially influenced
some aspects of stress indicators, and (3) exposure to nature stimuli
evoked interest in learning more about these habitats. We found little
or no preference of the incarcerated participants for audio versus
visual stimuli in their survey responses. Participants reported that
they were calmer, less anxious, and less depressed after viewing
nature videos and/or listening to nature sounds.
The responses of over half of the participants indicated that
viewing and/or listening to VNEs stimulated them to want to learn
more about the images they had viewed. The topics evoked by the
stimuli ranged widely from basic ecology to issues about job and
career opportunities. Although our study did not make additional

A
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A

B
B

Fig. 2. The influence of audio and visual stimuli of different habitats on the count of GSR peaks (A), and the order of the habitat
stimuli on the count of GSR peaks (B). (A) The audio stimuli did not
influence GSR count by habitat; however, habitat did result in
differential counts due to visual stimuli. For habitat types represented by visual stimuli, the most GSR peaks were associated
with forest, and the fewest with ocean. Mountain and stream elicited intermediate counts. Visual forest habitat stimuli evoked
more GSR peaks than did forest audio stimuli, whereas the inverse
held for ocean stimuli. (B) Stimulus order did not influence the
count of GSR peaks. Horizontal lines depict means, error bars are
standard error. Audio stimuli designated with different gray letters
(a–c) significantly differ ( p < 0.05), whereas differences in video
stimuli are noted with black letters (a–c). Moreover, significant
differences between audio and video stimuli for a given habitat are
denoted with asterisks (*** indicates p < 0.001).

Fig. 3. The influence of audio and visual stimuli of different habitats
on the amplitude of GSR peaks (A), and the order of the habitat
stimuli on the amplitude of GSR peaks (B). (A) The audio stimuli did
not influence GSR amplitude by habitat; however, habitat did result
in differential amplitudes due to visual stimuli. For habitat types
represented by visual stimuli, although the means of the amplitudes of different habitats appear to be similar, most intense GSR
peaks were forest, and the least intense GSR peaks were ocean.
Mountain and stream elicited intermediate amplitudes. Only stream
habitat stimuli evoked differential GSR peak intensity between
audio and visual stimuli. (B) Stimulus order positively influenced
the amplitude of GSR peaks. Horizontal lines depict means, error
bars are standard error. Audio stimuli designated with different
gray letters (a–c) significantly differ ( p < 0.05), whereas differences
in video stimuli are noted with black letters (a–c). Moreover, significant differences between audio and video stimuli for a given
habitat are denoted with asterisks (‘‘**’’ indicates p < 0.01, and
‘‘’’p < 0.10) and patterns are highlighted with best-fit lines.

ª MARY ANN LIEBERT, INC.

 VOL. 13 NO. 2  JUNE 2021

ECOPSYCHOLOGY 79

NADKARNI ET AL.

Downloaded by University Of Utah from www.liebertpub.com at 06/17/21. For personal use only.

A

B

Fig. 4. Facial emotional presentation while viewing nature imagery
(A) and the influence of habitat on facial presentation of negative
emotions (B). (A) While viewing nature imagery incarcerated persons primarily presented neutral emotions and displays of negative emotions were more common than positive ones. (B) Habitat
did not influence the amount of time a subject presented negative
emotions. Horizontal lines depict means, error bars are standard
error, and groups designated with different letters (a–c) significantly differ ( p < 0.05).

80 ECOPSYCHOLOGY JUNE 2021

environmental information available, our surveys indicate that
exposure to nature imagery and sounds can raise receptivity to information about the environment, which is a desirable outcome for
environmental educators and conservationists. This response relates
to the documented effect of exposure to nature to reduce discounting
of the future, revealing that individual discount rates were lower
after people have been exposed to scenes of natural environments
versus urban environments (van der Wal, Schade, Krabbendam, &
Vugt, 2013).
For visual stimuli, discrete habitats differentially influenced stress
of subjects as measured by GSR peak count and amplitude; however,
this pattern was not detected for audio stimuli. There was no overall
difference observed in the relative stress response of audio versus
visual stimuli. However, the variation in GSR measures induced by
habitat for visual stimuli resulted in specific instances wherein audio stimuli induced stronger signals (e.g., ocean GSR peak count)
or weaker (e.g., forest GSR peak count) effects than their visual
counterparts. GSR measures were correlated with blood cortisol, indicating that this continuously monitored proxy measure of stress
was informative of the underlying physiological response. However,
GSR measures were not reflected in facial emotional data, likely due
to the low variation observed in this measure.
Responses to landscape types have been explored in other experimental studies, in which standardized images of different landscape types (e.g., deciduous forests, tropical forest, desert, and ocean)
were viewed by participants from different countries (Hartmann &
Apaolaza-Ibáñez, 2010). In some cases, no habitat stood out as preferred, but in others, there was a clear preference for savannahs (Falk
& Balling, 2010; Orians & Heerwagen, 1992). Some studies found a
general preference for landscapes with water, wooded areas, vistas
with a path or river bending out of view, and the presence of game
animals (Han, 2007).
We recognize five limitations of this study. First, owing to
restrictions of working with incarcerated populations, inmate participation had to be voluntary, which influenced sample size and
potentially, the characteristics and outlooks of the participants,
including the relative lack of positive facial emotions observed.
Second, the act of bringing inmates together into the study room and
altering their normal routines may have been stressful, stimulating,
or relaxing, which might explain why overall cortisol remained
constant across timepoints. Third, because the survey was administered three times within a short time period, the inmates’ subsequent
familiarity with the survey measures may have influenced subsequent results. Fourth, instead of offering their true responses, inmates
may have tried to purposefully please research personnel or
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conversely, or tried to disrupt results. Fifth, we could not provide a
‘‘control’’ (non-nature imagery) due to constraints of time and
number of participants. Our previous study (Nadkarni et al., 2017) on
the impacts of showing nature imagery to men in secured housing
showed outcomes similar to this study, so we wished to pose specific
questions on modes of delivery and habitat preferences.
In the past, most studies on the effects of the natural nonhuman
dominated regions of the world and imagery of such places on human
stress and anxiety have focused on people who have some access to
the outdoors in their daily lives. Our qualitative and quantitative data
reveal the impacts of providing nature imagery to an incarcerated
population, people who have little or no regular access to outdoor
natural landscapes for any protracted period of time. Providing this
population with these assets does result in short-term reductions in
stress both through self-reports and through physiological proxies
of stress. In addition, our data show that exposure to even short
interventions of digitally delivered nature videos and sounds can
influence inmate interest in learning about topics of biology, ecology, and associated careers.
Our results concerning response to nature sounds are relevant to
future applications of such assets in correctional institutions. To the
best of our knowledge, no research has investigated using nature
sounds to lower stress and violence in incarcerated populations. Most
incarcerated populations are confined to cells, and forbidden or
discouraged from placing posters or other visual images on their
walls. They typically lack access to electronic imagery or sounds,
although some correctional facilities now provide music devices for a
cost. For those in the general prison population, showing videos
would require projection onto a large wall, darkened surroundings,
screen, and a projector, conditions and equipment outside the realm
of inmate use in most prison settings. Thus, having the option to
administer sounds from the natural world, for example, birdsongs,
wind, ocean waves, through speakers or, in some cases, individual
listening devices, may be more amenable and economical to correctional institutions.
These findings offer support and evidence-based recommendations
for making digital nature video and audio interventions more widely
available to correctional communities across the country. Based on
former studies (Nadkarni et al., 2017) and current practices, similar
digital assets are already being offered to inmates in secured housing
and the general prison population to reduce violence, anxiety, and
other negative emotions and behaviors plus stimulate interest in
environmental education.(pers comm. N. Nadkarni in Washington,
D. Conover and Eli Kao in Maine, K. Lockwood in Florida, and C. Naugle
in Oregon). Future studies could include additional measures of

receptivity to environmental education, and bring in other sectors of
the incarcerated populations to investigate the possible differences in
responses between gender, ethnic age groups, length of incarceration,
and surroundings of correctional facilities.
We recognize that simply providing digitally delivered nature
video and sounds to the incarcerated will not solve the deep historical
and long-lived injustices of our system of mass incarceration. Largescale prison reform will require commitments from all sectors of
today’s society, not just those directly involved in the criminal justice system. However, this study provides a small and implementable
practice that may help fulfill the short-term goals of correctional administrators and those directly concerned with the mental
and physical health of this sizeable population with little to no access to the blue and green parts of the world and their inherent
health benefits. It is our hope that this study inspires further studies and potential future interventions with other nature-deprived
populations.
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