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Various lines of evidence have shown that nature exposure is beneficial for
humans. Despite several empirical findings pointing out to cognitive and emotional
positive effects, most of the evidence of these effects are correlational, and it has
been challenging to identify a cause-effect relationship between nature exposure
and cognitive and emotional benefits. Only few of the published studies use
psychophysiological methods to assess the biological correlates of these positive
effects. Establishing a connection between human physiology and contact with natural
settings is important for identifying cause-effect relationships between exposure to
natural environments and the positive effects commonly reported in connection to nature
exposure. In the present study, we recorded physiological indexes of brain activity
(electroencephalography) and sympathetic nervous system (electrodermal activity),
while the participants were presented with a series of videos displaying natural,
urban, or neutral (non-environmental, computerized) scenes. Participants rated the
scenes for their perceived relaxing value, and after each experimental condition, they
performed a cognitive task (digit span backward). Participants rated natural videos as
the most relaxing. Spectral analyses of EEG showed that natural scenes promoted alpha
waves, especially over the central brain. The results suggest that experiencing natural
environments virtually produces measurable and reliable brain activity markers which are
known to be related to restorative processes.
Keywords: EEG, EDA, nature, restoration, cognition

BACKGROUND
The literature on environmental psychology has defined a restorative environment as one that
can help to restore drained emotional and/or cognitive resources. Outdoor environments that
feature natural elements have been shown to effectively promote restorative effects (Hettinger,
2012). Human exposure to natural settings has been shown to be associated to psychological and
psychophysiological positive effects, such as stress reduction, improvement of moods and mental
health (as, e.g., reducing symptoms of anxiety and depression – see Grassini, 2022 for a review),
and cognitive recovery from task overload (Ulrich, 1979; Kaplan and Kaplan, 1989; Berman et al.,
2008; Hartig et al., 2014).
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exposure to natural settings. The theory suggests that qualitative
features commonly found in natural settings may directly support
psychophysiological stress recovery, and this may occur because
nature elicits positive effects. The SRT finds its background on
the theories of human evolution: humans may be biologically
prepared to optimally respond to environmental features that
imply possibilities for biological survival, and therefore there may
be an evolutionary basis for aesthetic and restorative responses
to some types of natural scenes. Such theoretical approach is
connected to the Biophilia hypothesis (Wilson, 1984). The ART
(Kaplan and Kaplan, 1989; Kaplan, 1995) put its emphasis on the
ability of natural environments to promote cognitive restoration
and on the positive effect of natural settings on human attentional
fatigue. Researchers have proposed that these two theories may
not be mutually exclusive and that they complement each other
(Hartig et al., 2003), as several studies have found attentional
fatigue and stress to be linked (Cohen and Spacapan, 1978; Ulrich
et al., 1991; Kaplan, 1995; Lepore and Evans, 1996). However,
it has also been argued (see, e.g., Egner et al., 2020) that the
attention restoration produced by nature may be a secondary
effect, primarily dependent on the relaxation.
A considerable number of studies have examined human
health and cognitive functions associated with viewing images,
videos, and other simulations of nature (Ohly et al., 2016;
Stevenson et al., 2018), including in recent years, highly
immersive virtual reality (Browning et al., 2020; Yeo et al.,
2020). However, only a handful of studies have attempted to
understand the brain dynamics in response to natural or nonnatural settings. Kim et al. (2010) employed functional magnetic
resonance imaging (fMRI) to examine the brain areas activated
in response to natural or urban images. Their results revealed
that perception of urban images was associated with an enhanced
activity in the amygdala, an area known to be associated with
impulsivity (Gopal et al., 2013; Kerr et al., 2015), anxiety (Hahn
et al., 2011; Kim et al., 2011), and stress (Veer et al., 2011;
Sripada et al., 2012). The perception of natural scenes was
found to be associated with an increased activity in the anterior
cingulate and insula areas (Kim et al., 2010). These brain areas
were found by previous studies to be related to positive social
behavior (e.g., empathy and altruism, see Fan et al., 2011; Lamm
et al., 2011). Neurophysiological experiments have shown that
exposure to natural environments stimulate brain activity related
to tranquility (Hunter et al., 2010).
Several studies have used electroencephalography (EEG) to
examine brain functional dynamics related to the experience
of natural settings in different frequency bands. The frequency
bands are delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–13 Hz),
beta (13–30 Hz), and gamma (>30 Hz) bands. The alpha activity
has received most attention because it is related to relaxed
state of mind. The alpha waves are understood to be produced
from postsynaptic potentials in a neural network involving the
dorsal anterior cingulate cortex, the anterior insula, the anterior
prefrontal cortex, and the thalamus that is associated with
alertness and attention (Sadaghiani et al., 2010). It has been
suggested that such brain network is responsible for internalized
alertness (Coste and Kleinschmidt, 2016) and is associated with
variations in involuntary attention (Dosenbach et al., 2008). It

A long line of empirical evidence has shown that natural
settings can promote stress reduction and ease physiological
arousal (Laumann et al., 2003; Stigsdotter and Grahn, 2004;
Tyrväinen et al., 2014). Placing natural elements in urban areas
has been shown to improve mental health (Tzoulas et al.,
2007), and natural elements indoor has been shown to promote
psychological well-being (Raanaas et al., 2016). In addition,
viewing nature from a window helps faster recovery from
physical exercise (Engell et al., 2020). The positive effects of
nature have been extensively studied in the context of work
well-being, and it has been shown that interactions with natural
settings may be beneficial to reduce work-related stress (Korpela
and Kinnunen, 2010; Korpela et al., 2015).
Current scientific literature has extensively investigated the
ability of natural settings to restore attentional and cognitive
abilities. Current theories of the cognitive effects of exposure
to natural stimuli (see Kaplan and Kaplan, 1989; Kaplan, 1995)
propose that cognitive abilities are restored by natural settings,
and therefore predict that after the exposure to a natural
environment (compared, e.g., to an urban one), people would
perform better in cognitive and memory tasks. Several lines of
evidence have indicated that natural settings have the capacity
to restore human attentional and cognitive abilities (for reviews,
Ohly et al., 2016; Stevenson et al., 2018). Among cognitive skills,
being exposed to natural elements has been shown to increase
performance in working memory tasks (Bratman et al., 2015),
improve performance in sustained attention exercises (Berto,
2005), increase cognitive control, and concentration (Hartig et al.,
2003; Berman et al., 2008, 2012).
The mechanisms underpinning the restorative effect of nature
for humans have been extensively studied (Berto, 2005; Haga
et al., 2016; Joye et al., 2016). A widely reported theoretical
point of view is that humans have an innate tendency to
experience positively the contact with natural environments. In
this context, the Biophilia hypothesis is often cited (Wilson,
1984). According to this hypothesis, humans are biologically
prepared to positively respond to the environments with positive
attributes for biological survival (see also Joye and Van den Berg,
2011). Some studies have found that some specific features of
natural stimuli are related to restorative effect. Images of nature
were shown to be rated as more restorative than images of
other types of environments (Berto, 2005). Factors other than
physical stimulus features have been also studied regarding their
restorative effects (Haga et al., 2016; Egner et al., 2020). A number
of different types of auditory and visual stimuli have been found
to be perceived as restorative. Natural sounds have been shown to
help restore mental fatigue (Ratcliffe et al., 2013; Benfield et al.,
2014; Emfield and Neider, 2014; Jahncke et al., 2015).
The empirical findings of the benefits associated to the
exposure to natural environments are often theoretically
explained with two prominent theories (Hartig et al., 1996). The
first theory, the Stress Reduction Theory (SRT; Ulrich, 1983;
Ulrich et al., 1991) put emphasis on psycho-physiological stress,
while the other one, the Attention Restoration Theory (ART;
Kaplan and Kaplan, 1989; Kaplan, 1995), focuses on the cognitive
recovery from directed attention fatigue. The SRT (Ulrich, 1983;
Ulrich et al., 1991) underlines the physiological effect of the
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also used to understand the human physiological response to the
exposure to natural settings.
Heart rate variability (HRV) is defined as the variation in
the intervals between heartbeats. Such physiological index is
often used as an indicator of the activity of the autonomic
nervous system (ANS). Higher HRV has been linked with an
increased adaptability of the ANS and has been proposed to
be associated with positive health factors (Brown et al., 2013).
Several studies have showed that HRV is related to stress and that
different components of HRV can be linked to stressors (for a
review see Kim et al., 2018). Previous studies have shown that
exposure to natural environments increases HRV (Park et al.,
2007, 2010; Gladwell et al., 2016), suggesting that nature exposure
is accompanied with reduced stress and enhanced relaxation.
Electrodermal activity is controlled by the sympathetic
nervous system, and it is modulated by the activity of the skin
sweat glands. EDA is often used to measure psychological or
physiological arousal (Critchley, 2002). Previous studies have
found that EDA is reduced when people are exposed to natural
settings (Alvarsson et al., 2010; Hedblom et al., 2019; Elsadek
et al., 2020). However, the inverse effect has been also found
(Browning et al., 2020), suggesting that other variables or
experimental factors may be contribute to the modulation of EDA
in relation to the exposure to natural settings.
A small number of studies have considered the use of more
than one physiological measure to cross-validate their results
across different methods. The recently published study of Elsadek
et al. (2020) analyzed physiological activity using EDA and EEG
on people looking outside a window facing urban or green spaces.
It found a higher level of alpha waves over the frontal and
occipital brain areas, and a decrease in skin conductance level.
However, this study only offered a limited spatial resolution on
the brain data, due to the low-density EEG equipment using only
four electrodes (two frontal and two occipital). This choice is
probably attributable to the electrode positions provided by the
Emotiv EPOC equipment that was used in the study, but it comes
at odd with the reported localization of alpha increase during
nature exposure, which was revealed to be prevalently over the
central brain areas in the studies of Ulrich (1981) and Grassini
et al. (2019).
One limitation that is shared by many of these studies is
the lack of a control or neutral condition when comparing the
influence of natural and urban environments. The studies that
focus on comparing urban and natural environment (see, e.g.,
Ulrich, 1981; Aspinall et al., 2015; Grassini et al., 2019; Elsadek
et al., 2020) generally fail to answer the question whether the
natural or the urban stimuli are responsible for the reduction/or
increase of physiological arousal (e.g., indexed with EDA) and
modulation of cognitive mechanisms (e.g., indexed using EEG).
The present study aimed to use both brain (EEG) and
non-brain (EDA) indexes (together with subjective evaluations)
to understand physiological dynamics of the interaction with
natural settings. This was done in a laboratory setting,
where videos of nature (without audio) were showed to the
participants while biological signals were recorded. Furthermore,
we attempted to understand whether urban environments
or natural environments were responsible for an eventual

has been proposed that alpha waves recorded using EEG may
be indexes an inhibitory mechanism generated by a thalamiccortical loop (Foxe and Snyder, 2011). Several previous studies
have found alpha waves to be modulated while experiencing
natural environments. An increase in alpha power in the EEG
(8–13 Hz) has been found to be a marker of the experience
of natural vs. urban photographs (Ulrich, 1981; Chang et al.,
2008; Grassini et al., 2019). It has also been suggested that the
experience of natural environments is able to modulate brain
activity associated with cognitive-inhibitory mechanisms, and
that this effect is reflected by an increase of alpha brain activity
markedly over the brain’s central areas (Ulrich, 1981; Grassini
et al., 2019). A recent review (Norwood et al., 2019) reported
several studies that connected higher alpha over frontal lobes to
the experience of natural environments or other environmental
settings perceived as positive (Chang and Chen, 2005; Choi et al.,
2015; Chiang et al., 2017; Bailey et al., 2018).
The physiological basis of the beta rhythms has been long
being disputed. It has been proposed that beta waves are
generated in basal ganglia and thalamic structures (Bevan et al.,
2002; Leventhal et al., 2012). Later studies have shown that beta
waves may emerge within internal dynamics of the neocortex that
are dependent on extrinsic synaptic drive originating in other
structures as basal ganglia and thalamus (Sherman et al., 2016).
Beta oscillations have been shown to be associated to the activity
of the motor cortex, to sensory perception, and to selective and
spatial attention (Neuper and Pfurtscheller, 2001; Siegel et al.,
2008; Jones et al., 2010; Miller et al., 2012). Grassini et al. (2019)
found that while viewing nature images increased alpha activity,
the beta activity was at the same time decreased, suggesting
that less attentional resources were used during viewing nature
images, compared to urban ones.
Whereas delta and gamma bands have not received practically
any attention in studies on the psychological effects of nature,
there is some evidence that theta band activity may be modulated
during viewing natural stimuli. Theta activity has been associated
with cognitive control and error processing, and an origin of
increase theta power has been found in the anterior cingulate
cortex (Cavanagh et al., 2010, 2012; Cavanagh and Shackman,
2015). Sahni and Kumar (2020) reported that viewing nature
videos increased both theta and alpha power, suggesting that
natural stimuli provoke a relaxed but alert state of mind.
Other studies have employed EEG as method to estimate the
positive emotions related to the experience of natural settings
(Roe et al., 2013; Aspinall et al., 2015), and their findings
confirmed that natural environments promote more positive
emotions and higher level of relaxation. However, these latter
studies did not directly analyze the EEG data but relied on
the proprietary algorithms of the EEG manufacturer for data
analysis, and therefore is not possible to understand whether
alpha waves were modulated by their experimental conditions.
Non-brain physiological indexes such as heart rate (HR; see
Annerstedt et al., 2013; Yu et al., 2018), heart-rate variability
(HRV; see Park et al., 2007, 2010; Gladwell et al., 2016), and
electrodermal activity (EDA, sometimes referred in the literature
as skin conductance or galvanic skin responses, Alvarsson et al.,
2010; Hedblom et al., 2019; Browning et al., 2020) have been
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fields. Urban environment videos showed city-like landscapes,
and depicted for example traffic, buildings, and other types of
common environments displaying urban or industrial buildings.
Urban videos contained eventually some natural elements (e.g.,
threes on the edges of a street, or a city seaside view). Natural
videos were selected appositely to avoid any type of non-natural
element. The videos were selected from material retrieved from
the internet. The authors SG and GS selected independently a
list of suitable videos, and together reviewed and chose those
that were judged as the most appropriate for the present study.
Criteria that were used to selecting the videos were: high
enough quality of details, absence of numbers/words in the
environment, absence of close-ups of people/faces. Furthermore,
markedly unpleasant urban environments were avoided, trying
not to suggest a strong judgment bias to the participants. For
the neutral setting condition, lines depicting slowly changing
colorful shapes or patch of colors were selected, alike those
often used in computer screensavers. All videos were displayed
with a resolution of 1920 × 1080 pixels, and a frame rate
of 24 frames/second, and were viewed at around 2 m of
distance on a 17-inch LCD screen. After each video, the word
“relaxing” was presented on screen and the participants rated
how relaxing (from 1 to 9; 1 = not at all, 9 = very much) they
found the video. The “relax” score for each condition was then
averaged across videos of the same type for each participant.
The experiment was run using E-prime 2. Figure 1 shows an
exemplification of the stimuli used in the experiment and the
experimental procedure.
After each condition (i.e., block of four-videos), the
participants were asked to perform a digitalized visual version
of the Digit Span Backward Task (DSB). After the participants
had been instructed to the task, they were asked to perform the
DSB before the beginning of the experiment. This was done to
allow the participants to familiarize with the task. In the DSB,
a series of digits were displayed on the screen, following one
another. The digit displayed were randomly chosen from 1 to 9.
Participants were instructed to recall the digits backward (e.g.,
if “3, 4, 5” were presented, the subject had to press the keys “5,
4, 3” using the keyboard). In the case the task was successful
for two times in a row, participants were then asked to perform
the task again with a longer list of digits. The task started with
only 2 digits, and the participants could go to indefinitely long
list of digits according with their performance. The digit list
was made longer until the point when participant failed to
inversely recall the list for two succeeding trials. The score for
each participant was calculated on the length of the longest list
the participant successfully performed. The DSB task aimed
to detect cognitive restorative effect from the exposure to the
videos (working memory). Several studies have implemented
this type of cognitive task to assess the restorative effect arising
from the exposure to natural settings (Ohly et al., 2016 for
a review). The subjects were presented with a computerized,
visual version of the DSB [similarly to the one used in Grassini
et al. (2019)], and participants were instructed to perform the
task using a keyboard. However, it is worth nothing that the
commonly used DSB task generally uses vocal stimuli and verbal
response recall. Previous studies have also used a computerized

modulation of physiological brain and non-brain activity by
adding control condition to the experiment. Our hypotheses
were that the vision of nature video would modulate brain early
alpha waves recorded over the central brain areas as shown in
previous lab-controlled studies employing static images (Ulrich,
1981; Grassini et al., 2019). We did not have a hypothesis about
whether nature or urban environment would be responsible of
such effect when compared to a neutral stimulation. We expected
EDA to be reduced when watching nature videos, but we had no
preliminary hypothesis about whether the effect would be more
pronounced versus neutral or urban videos.

MATERIALS AND METHODS
Participants
Twenty-four neurologically healthy students with normal or
corrected-to-normal vision participated in the study (mean
age = 24.8, SD = 5.1, range = 19–36 years, ten men). They
were selected from the pool of participants from the introductory
psychology courses in University of Turku. The students
received course credits as reward for their participation. The
experiment was conducted in accordance with the Declaration
of Helsinki and with the understanding and written consent of
each participant and was approved by the Ethics Committee
for Human Sciences at the University of Turku. Before the
experimental session, the participants were asked to read an
information sheet on the experiment, to read and sign the
informed consent, and to self-assess their handedness. Only
students reporting to be right-handed were tested. The sample
size was determined based on the observed effect and n
from previously published EEG studies on brain activity in
response to environmental exposure (Grassini et al., 2019).
The number of participants recruited for our study is also
in line with recent investigations on the relationship between
participants number and EEG data reliability for relatively long
tasks during EEG recording (Vozzi et al., 2021). Data from
two participants were excluded from the analysis of cognitive
task (digit-span backward scores), and two were excluded
from the analysis of the EDA data due to technical issues in
data collection.

Stimuli and Procedure
The stimuli consisted of videos depicting natural, urban, or
neutral settings (referred hereinafter as the three experimental
conditions). A total of nine videos per condition were selected
by the study authors. Every participant was exposed to four
consecutive videos of the same environment type (natural,
urban, or neutral) before passing to four consecutive videos
of another environment, and four consecutive videos of the
last environment. The four videos for each environment type
were selected randomly among the nine available videos. The
order of the experimental conditions (i.e., environment type)
was randomized across participants. Every video lasted for
3 min, for a total of 12 min of exposure per each experimental
condition. Natural settings videos depicted a variety of natural
environments, among those, mountain lakes, beaches, forest, and
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FIGURE 1 | Example of the experimental procedure. In this example, four videos of the neutral condition are followed by four videos of the nature conditions, and
four videos of the urban condition concluded the experimental session. Each condition was composed of four 3-min videos.

(hamming window, zero-padding to 1024 data-point epochs
length). Average values of PSDs for each of the experimental
conditions, for all the EEG electrodes, and for all the frequencies
from 2 to 30 Hz were obtained, to be able to have an overview of
the activity for delta, theta, alpha, and beta waves.

version of the DSB to successfully assess working memory
(AuBuchon et al., 2015).

Electroencephalography
Electroencephalographic brain activity was assessed at 64 sensors
placed according to the international 10–10 electrode system. The
electrodes were placed on the head using a sintered Ag/AgCl
cap featuring active electrodes (Easycap GmbH, Herrsching,
Germany). NeurOne 1.3.1.26 software and Tesla #MRI 2013011
and #MRI 2013012 amplifiers (Bittium Corporation, Oulu,
Finland) were used for data collection. Signal was referenced
online to Cz, and the ground electrode was placed on position
AFz. The recording sampling rate was set to 500 Hz.
Electroencephalography data was processed offline using
MATLAB (v. R2019a; The MathWorks, Inc., Natick, MA,
United States) and with the EEGLAB toolbox version v2021.0
(Delorme and Makeig, 2004). Intervals between the videos (where
the participants were asked to answer a question on their
subjective evaluation of the latest video) were removed from
the recorded signal. Data was high-pass filtered at 1 Hz with
a Hamming windowed-sinc FIR filter (“pop_eegfiltnew”). Line
noise was removed using the cleanLineNoise function included
in the PREP pipeline toolbox v. 0.55.4 (Bigdely-Shamlo et al.,
2015). Artifactual data in the continuous EEG recording and
bad electrodes were then automatically attenuated or removed
using the Artifact Subspace Reconstruction method implemented
in the Clean Rawdata plug-in (“clean_rawdata,” Kothe, 2013;
Piazza et al., 2016). Removed electrodes were interpolated
using spherical interpolation, and data was then re-referenced
to average. EEG data was submitted to extended Infomax
independent component analysis (ICA, “pop_runica.m”) to
detect and afterward remove non-neural activity (eye and
muscle movements). An automatic component classifier method
(Multiple Artifact Rejection Algorithm: MARA; Winkler et al.,
2014) was used to automatically identify and eliminate artifactual
independent components.
The EEG data pre-processing pipeline was created adapting
the suggestions reported in Miyakoshi (2021). Power Spectra
Density (PSD) was computed using the EEGLAB spectopo
function (pwelch, see Welch, 1967), and the data was analyzed
over segments of 2 s, with a 50% overlap between segments
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Electrodermal Activity
Electrodermal activity was measured using an electrode couples
connected (long finger and index finger on the palmar side) to
a wireless handcuff placed on the left, non-dominant hand. The
recording baseline was individually adjusted using the Biopac
default function for each participant prior to the experiment.
The equipment used was the Biopac MP150 recording system
(Biopac Systems, Inc., Goleta, CA, United States) and the
amplifier BN-PPGED-R with 16-bit resolution and a sampling
rate of 2 kHz. Participants were asked to avoid movements
and to keep the left hand as still and relaxed as possible. The
EDA data was operationalized computing two different variables
exploring different aspects of the activity of sympathetic nervous
system, the skin conductance level (SCL), and the number
of skin conductance responses (SCRs). The SCL shows tonic
and long-lasting activity of the sympathetic nervous system,
while SCRs indicate phasic activity reflecting the number of
stimulated nerve impulses regulating the secretion of sweat
(Benedek and Kaernbach, 2010). SCRs were analyzed using
the MATLAB Ledalab toolbox (Ledalab 3.4.9; Benedek and
Kaernbach, 2010). Signal was first down-sampled (factor mean
function) to 10 Hz, and then analyzed using continuous
decomposition analyses (extraction of continuous phasic/tonic
activity). The number of SCRs (during each of the videos) were
then computed (amplitude threshold for inclusion of phasic
responses = 0.01 µS), and absolute values were then exported
for each participant. Average tonic SCL amplitude for each of
the experimental conditions was also exported (µS). Results for
videos of the same category (natural, urban, neutral/control),
where averaged together, to obtain a unique index per each
condition and for each participant.

Statistical Analyses
Electroencephalography results were analyzed using the data
analysis package integrated in the EEGLAB study function.
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pair-wise comparisons with two-tailed t-tests. Analyses of EDA
and DSB were computed in the same way. For these analyses,
when the data sphericity assumption was violated, Greenhouse–
Geisser corrected p-values were reported.

The difference between the three experimental conditions were
first analyzed for the early alpha waves (8–11 Hz), as brain
waves at these frequencies were found to be the most affected
by the presentation of natural vs. non-natural sceneries in
static photos (Grassini et al., 2019). The differences in the
low alpha waves (PSD) were analyzed for all the electrodes.
In computing statistic for the scalp topography, the presented
exact p-values were obtained with parametric ANOVAs, while
multiple comparisons were corrected with spatial clustering,
using the traditional threshold of significance level of p < 0.05
(method: triangulation, cluster statistic: maxsum) as provided
in the Matlab toolbox Fieldtrip (Fieldtrip Lite v20210330).
Repeated-measures ANOVA was computed using experimental
conditions (3) as factor, and post hoc t-tests were computed
to study differences of activity in low alpha between the
experimental conditions.
To control for the specificity of the effect for early-alpha waves
(as reported in previous studies, see, e.g., Grassini et al., 2019),
a further analysis in the wave-spectral domain was performed for
two cluster of electrodes (central and occipital) that were reported
to show prominent effects in processing. Therefore, PSD values
for the electrodes placed over the center-frontal (electrodes FCz,
FC1, and FC2 – central cluster) and center-occipital (electrodes
Oz, O1, and O2 – occipital cluster) were averaged for each
participant separately for the three experimental conditions, and
the values compared over the spectral domain using an ANOVA
and post hoc t-tests.
IBM SPSS v. 26 was used for the rest of the statistical
analyses. Data from the subjective evaluations of the videos
were analyzed using a repeated-measures ANOVA comparing the
mean relaxation ratings between the three different experimental
conditions, the statistically significant effects followed by

RESULTS
Subjective Ratings
The relaxation ratings given after each of the four
videos/condition were averaged to obtain a single score for
each of the three experimental conditions. The scores ranged
from a minimum of 1 to a maximum of 9. Figure 2 shows the
descriptive results for behavioral data. The one-way ANOVA
showed that the perception of relaxation differed between the
conditions, F(2,46) = 43.05, p < 0.001, e2 = 0.652. Post hoc
t-tests revealed that natural environment videos were rated as
the most relaxing and differed statistically both from the neutral
(p < 0.001) and urban (p < 0.001) ones. Ratings did not differ
between neutral and urban environments (p = 0.184).

Digit Span Backward Task
ANOVA analysis showed that there were not statistically
significant differences between the DSB task scores between
the experimental conditions (p = 0.189). Descriptive data are
reported in Figure 3.

Electroencephalography
Oscillatory activity during the display of the videos (3) were
compared for every recorded electrode (64), and for the
early-alpha frequency band (from 8 to 11 Hz). Figure 4

FIGURE 2 | Descriptive data from subjective responses for neutral, nature, and urban experimental condition. Error bars show standard deviations (SD).
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were found between nature and urban conditions. Urban videos
showed to promote early-delta (2–4 Hz), late-alpha (11–13 Hz),
and early-beta waves (13–15 Hz) compared to neutral ones.
Average values and distribution are shown in Figure 8.

Electrodermal Activity
The number of SCRs recorded for each of the experimental
conditions were averaged and a singular numerical score was
obtained for each condition. EDA – SCR scores were of 198.33
(SD = 32.57) for nature videos, 200.65 (SD = 33.53) nSCR for
neutral videos, and 201.61 (SD = 33.86) for urban videos. Oneway ANOVA showed that phasic activity SCRs did not differ
between the three types of videos, p = 0.068 (Figure 6, left
chart). Data for the tonic EDA (SCL) was averaged and analyzed
in the same way as that for SCRs. EDA – SCL scores were of
1.43 (SD = 0.48) µS for nature videos, 1.49 (SD = 0.49) µS for
neutral videos, and 1.39 (SD = −51) for urban videos. One-way
ANOVA detected a statistically significant difference between the
experimental conditions, F(2,42) = 3.45, p = 0.041. Post hoc
t-tests, revealed that the lowest tonic activity was recorded in
response to urban videos, and it statistically differed from the
tonic activity recorded during the vision of the neutral videos
(p = 0.025) but not from tonic activity related to the vision of
nature videos (p = 0.256). Nature videos produced the second
lowest level of EDA-SCL, but it did not differ from the one
associated with neutral videos (p = 0.146). Data averages and
distribution is shown in Figure 9.

FIGURE 3 | Descriptive data from the DSB task for neutral, nature, and urban
experimental condition. Error bars show standard deviations (SD).

(top panel) shows raw values and the results from the oneway ANOVA comparing the three experimental conditions.
Visual inspection of the raw scores revealed that in low
alpha waves frequencies, brain activity was generally higher
across all the scalp during the videos displaying natural
environments, compared with other conditions, while the neutral
environment videos promoted the lowest level of early-alpha
across all the scalp areas. Statistical analyses showed that
the three experimental conditions differed, in the low alpha
spectrum, over occipital-temporal and central sensors. Post hoc
t-tests (Figure 4 bottom panel) showed that videos of natural
environments enhanced the production of early-alpha waves vs.
neutral videos (over occipital-temporal areas), and vs. urban
videos (over central-frontal areas). No statistically significant
differences were revealed for any electrodes between neutral and
urban conditions.
Based on the differences revealed by the ANOVA in the
previous analyses, two electrode cluster were individuated
(central and occipital) and the signal was analyzed in the spectral
domain from 2 to 30 Hz. This analysis aimed to study whether the
effects of viewing nature videos on spectral power was restricted
specifically to the lower alpha band or whether they could
be observed also in other frequencies. For the central cluster
(Figure 5), the ANOVA showed that the three experimental
conditions differed in early alpha (8–9 Hz) as well as in late
theta (7–8 Hz) activity. Nature videos increased waves both in the
early alpha and late theta, as compared with neutral and urban
videos. Urban and neutral conditions differed only in slow theta
frequencies between 5 and 6 Hz. Average values and distribution
are shown in Figure 6.
For the occipital cluster (Figure 7), ANOVA showed that the
three experimental conditions differed in early alpha (from 8
up to 11 Hz) as well as in early delta (2–4 Hz), and late alpha
(11–13 Hz) up to early beta waves (13–15 Hz). Nature videos
promoted higher alpha and early theta waves vs. the neutral
videos in early delta (2–4 Hz), late theta (7–8), early and late alpha
(8–13 Hz), as well as in early beta (13–15 Hz). No differences
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DISCUSSION
Even though it is widely acknowledged in the scientific literature
that natural environments provide restoration and promote
positive feelings (Kaplan and Kaplan, 1989; Hartig et al., 2014),
it is still unknown how this exactly happens, or which biological
processes are mediating the restorative effects.
The recently published studies of Grassini et al. (2019) and
Elsadek et al. (2020) showed that exposure to natural settings,
either real or in digitalized form, modulates brain activity
and non-brain physiological responses, in line with results
from older studies (Ulrich, 1981). Importantly, the reported
EEG data pointed out that exposure to natural setting may
be associated to an increase in brain alpha waves (especially
early-alphas), that was hypothetically attributed to a downmodulation of attentional and cognitive processes (Grassini
et al., 2019). Other studies have found that alpha-waves are
associated to the experience of environments with positive values
(Chang and Chen, 2005; Choi et al., 2015; Chiang et al., 2017;
Bailey et al., 2018).
The present study aimed to confirm previous findings using
more immersive scenes compared to some of the previous
studies (Ulrich, 1981; Chang et al., 2008; Grassini et al., 2019).
Furthermore, the present study aimed to compare EEG and
EDA activity in response to nature environment not only to
urban environments (as commonly done in this field of research),
but also to a control condition. In this way we attempted
to understand if the effect of modulation of physiological
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FIGURE 4 | Spatial distribution of power spectral density for early-alpha frequency band (8–11 Hz). The top panel shows the power spectral density for the three
experimental conditions (neutral, nature, and urban videos). On the top-right side, the results from the ANOVA showing in red the electrodes where ps < 0.05. The
bottom panel show the results of the post hoc t-tests.

one. This finding may have important theoretical and practical
implication: the scientific literature – especially the one on
psychopathology (Van Os, 2004; McKenzie et al., 2013) – has
often been focused on the detrimental role of urban settings
on human health, instead of speculating for an “opposite”
effect of the benefits driven instead from the exposure to
natural environments.
Visual examination of spectral power density patterns in
the scalp topographic activity map showed that the difference
in early-alphas was not limited to the central brain areas but
extended also for the activity recorded over the occipital-central
brain area. We performed exploratory analysis for this brain area,
and we found similar patterns than those for the centralized
alpha activity. However, in this case the difference between the
conditions extended more toward the beta powers, and brain
activity in response to nature and urban videos were very similar
over all the frequency spectra, while different from the activity
recorded for the control condition. A speculative explanation
may be related to the very different visual content (fast lines and
colors) of the neutral condition, which may be able to modulate
in a very different manner the visual cortex compared to the other
two more slowly changing and realistic experimental conditions.

arousal (measured using EDA) and EEG early alpha waves
were modulated for the natural or for the urban environment
compared to the control condition.
In the present experiment we recorded EEG and electrodermal
activity while the participants viewed passively a series of scenes
from natural, urban, or “control” environments. The control
environment was obtained using computerized non-realistic
scenes. After viewing each video, the participants were asked
to self-report how relaxing they found the video. In line with
several previous findings, participants rated as more relaxing
the presentation of natural environments compared to those of
urban environments. Ratings of perceived relaxation did not
differ between neutral and urban environments video.
Our results are in line with our prediction concerning the
modulation of early-alpha waves during the experience of videos
of natural environments. The distribution of the early-alpha
waves modulation showed to be mainly over central brain areas,
in line with the findings of Ulrich (1981) and Grassini et al.
(2019). The analyzed central early-alpha activity in response
to the control condition videos did not differ from the one
in urban videos, arguing for the early-alpha wave effect to
be driven by the nature condition and not by the urban
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FIGURE 5 | The top of the figure presents the values of spectral power obtained averaging the values for the electrodes placed over the central brain area. The
frequency (X-axis) and spectral power (Y -axis) for the three experimental conditions (neutral, nature, and urban videos). The bottom of the figure shows the results of
ANOVA and t-tests on the differences between the conditions on the spectral power for each frequency from 2 to 30 Hz. The black color shows the frequency values
in which the spectral power values were statistically different between the conditions.

therefore it is not possible from their data to understand the alpha
modulation over the central brain. However, their midfrontal
electrodes showed the same pattern reported from the posterior
alpha power. These results show an opposite pattern compared to
ours where instead exposure to natural settings increased alpha

Further visual inspection of the brainwaves pattern in
graphical presentation of the power density × frequency
analyses for the central cluster revealed that, alike early-alpha,
a difference between the condition was also shown in latetheta spectral power density. This difference may be because
of the higher perceived relaxation in response to the nature
video condition. Several investigations have found that both
alpha and theta power are associated to the activities of
mindfulness and meditation (Aftanas and Golocheikine, 2001;
Lagopoulos et al., 2009; Lomas et al., 2015), and therefore
these brain waves may be both modulated in the same way
during nature experiences in response to a relaxation and
positive emotions. This effect seems to be in line with two
recent studies [the lab-study of Sahni and Kumar (2020),
and the real-life static exposure study of Chen et al. (2020)]
showing that nature videos may modulate both alpha and
theta power.
A recent study (Hopman et al., 2020) recorded resting state
EEG brain activity before, during, and after a long, multi-day trip
as exposure to natural environment. The researchers reported
that posterior alpha power was significantly lower during the
nature exposure when compared to measures taken before and
after the visit to the natural environment. The authors did
not analyze alpha waves over the central brain as such brain
area was outside their a-priori brain region of interest, and
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FIGURE 6 | Early alpha waves power density values as recorded (averaged)
over the central cluster for neutral, nature, and urban experimental conditions.
Error bars show standard deviations (SD).
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FIGURE 7 | The top of the figure presents the values of spectral power obtained averaging the values for the electrodes placed over the occipital brain area. The
frequency (X-axis) and spectral power (Y -axis) for the three experimental conditions (neutral, nature, and urban videos). The bottom of the figure shows the results of
ANOVA and t-tests for the difference between the conditions on the spectral power for each frequency from 2 to 30 Hz. Black color shows the frequency values in
which the spectral power values were statistically different between the conditions.

power over most of the brain, and especially as recorded over
central and occipital brain areas. Such difference in results may
be due to the different types of exposure to natural environments
and different level of multi-sensory perception and integration.
One should note that Hopman et al. (2020) did not include a

similar multi-day trip to urban or other non-natural environment
as a control condition. However, our lab experiment was more
controlled than the experiment of Hopman et al. (2020), and
the trip in natural settings intervention that they provided in
their experiment may have brought with it several uncontrolled
factors that may have affected physiological responses (e.g.,
familiarity with the visited environment, activities specific to
the trip, moods/affections/stressors modulated by the trip, etc.).
Therefore, it is not clear what explains the differences between
our results [and similar results reported by earliest studies of
Ulrich (1981) and Grassini et al. (2019)] and the results reported
in Hopman et al. (2020).
The increase in alpha waves observed in our experiment
suggests that the experience of nature video may be related to
an increase activity of the inhibitory mechanism related to the
activity of the thalamic-cortical circuit (Foxe and Snyder, 2011).
In inhibiting attentional mechanisms, natural environments
could be mediating stress reduction. The increase of theta activity
over the mid-frontal brain areas during the vision of videos
containing natural scenery may be related to increased cognitive
control (Cooper et al., 2015). Cognitive control has been as
well may have been related to stress (De Lissnyder et al., 2012).
Both alpha and theta waves have been shown to be related
to psychological states promoting relaxation as in the case

FIGURE 8 | Early alpha waves power density values as recorded (averaged)
over the occipital cluster for neutral, nature, and urban experimental
conditions. Error bars show standard deviations (SD).
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FIGURE 9 | Electrodermal activity in neutral, nature, and urban experimental conditions. Error bars show standard deviations (SD).

baseline level of cognitive load may have been low enough and
not allowing to detect eventual cognitive restorative effects of the
exposure to nature videos. Also, the effect sizes reported in studies
reporting DSB changes in response to environmental exposure
are generally small, and therefore the present study was probably
underpowered to detect these cognitive effects.
Additionally, the DSB used in our experiment was digitalized
and visual, while the most used type of DSB in the literature has
been auditory and with verbal responses (see, e.g., Berman et al.,
2008, 2012). However, please note that previous studies have also
used the type of DSB employed in the present investigation (see
AuBuchon et al., 2015; Grassini et al., 2019). We cannot exclude
that a different type of sensory stimulation or the different
modality of administration of the test may influence the ability
of the test to detect cognitive restoration.
The main limitation of the present study was that brain activity
may be modulated by uncontrolled factors (e.g., colors, shapes,
presence of moving items, etc.) systematically affecting one of
the other experimental conditions. Furthermore, the “neutral”
condition may arguably not be neutral but depicting man-made
computerized objects which are processed similarly to urban ones
(e.g., for some uncontrolled low-level visual similarities, such
as sharp shapes).

of different types of meditation and mindfulness practices
(Aftanas and Golocheikine, 2001; Lagopoulos et al., 2009;
Lomas et al., 2015).
Statistical analyses for SCRs did not show any statistically
significant differences between the studied conditions. Analyses
for SCL showed that the lowest level of tonic activity was
recorded during the urban videos, but the follow-up t-tests
showed that the difference was statistically significant only in
the comparison against the neutral condition. These findings
are difficult to explain and are against the expected results
(Alvarsson et al., 2010; Hedblom et al., 2019). However, recent
studies have also reported heterogeneous findings regarding
the modulation of EDA in response to natural environments
(Browning et al., 2020). Some experimental characteristics (e.g.,
participants engagement, salience of the stimuli, etc.) may be
modulating EDA in ways that were not experimentally controlled.
Furthermore, it is possible that a more immersive stimulation
(e.g., experiencing multi-sensory natural stimuli) may be more
effective in modulating EDA, as compared with the videos in
experimentally controlled settings.
Contrarily with some previous investigations [as reported in
the review of Ohly et al. (2016)], the DSB task did not show
an increase in performance after exposure to nature (but see
Grassini et al., 2019). Nevertheless, in many of the previous
studies revealing this effect the participants were exposed to a
real and multi-sensorial experience of nature (e.g., exposure to
real natural settings) of a long duration and generally connected
with a physical activity in nature (e.g., walking, see Berman et al.,
2008; Berman et al., 2012). The short duration of our exposure
to natural stimuli, or the lack of a task involving physical activity
during the exposure, may have affected the measurable effect of
restoration in the DSB task. In our study, the relatively low level
of immersion provided by digitalized videos, the short exposure
to natural settings provided by the experimental setting, and the
possible nuisance of wearing the EEG cap and EDA sensors, may
have compromised the possibility of natural scenes to provide
attention restoration. Furthermore, many of the previous studies
showing attention restoration after nature exposure had given
cognitive stressors to their participants prior to the experimental
session, to give the possibility for cognitive restoration to baseline
to happen. As no stressor was given to our participants, their
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CONCLUSION
The results presented in our study, together with the ones
presented in previous investigations (Ulrich, 1981; Grassini et al.,
2019; Sahni and Kumar, 2020), showed that experiencing natural
environments in various real or computerize forms produces
measurable and reliable brain activity markers which are known
to be related to cognitive and emotional restorative processes
(Aftanas and Golocheikine, 2001; Lagopoulos et al., 2009; Baijal
and Srinivasan, 2010). Therefore, they can be argued to promote
restorative processes. The present study shows that even a
type of nature visualization providing a relatively low-level of
immersion – as videos – may be enough to promote some level
of restoration. The presented results showed that brain activity –
especially early-alpha waves recorded over the central brain –
may represent a reliable index for nature-induced restoration,
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strengthening previous findings. On the other hand, contrarily
to our expectations but in line with some recent literature, EDArelated indexes were not able to detect nature-induced restoration
in our experimental setting. Differently to most previous studies
on the topic, our investigation has the advantage of employing
simultaneously both physiological and psychological methods
to understand restorative processes during a lab-controlled
exposure to videos, featuring both brain (EEG) and non-brain
(EDA) physiological measures, and both self-assessment (relax
rating of the videos), and behavioral test (DSB scores). In
our knowledge, our study is one of the first ones attempting
to understand if the positive effects reported in connection
with natural experience may be driven by detrimental effect of
urban settings or by proprieties of natural settings, our results
supporting the latter alternative.
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