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Parks and protected areas offer refuge from the
fatigue of daily life. An existing body of literature provides evidence that
experiences in nature can promote restoration and improve overall health and
well-being. Previous research on sounds in national parks has determined
that manmade sounds negatively impact visitors’ enjoyment, as well as, their
assessment of the landscape. Additionally, previous studies have indicated
that experiencing the restorative sounds of nature is important to visitors in
national parks, and despite the growing body of protected area soundscapefocused research, very little attention has been placed on the relationship
between natural sounds and cognitive health. As anthropogenic sounds and
human-caused noise continues to increase in national parks, it is imperative
simulation aimed to increase understanding regarding the positive effects
of natural sound on attention restoration. Using an experimental design, the
researchers tested the effects of natural and anthropogenic sound, on attention
restoration by having participants complete cognitive tasks after exposure to
various sound clips or with no sound present. Based on previous studies, the
researchers hypothesized that participants exposed to a natural sound condition
would score higher on a cognitive task than those exposed to anthropogenic
between participants in the natural, anthropogenic, and control sound conditions
participants who received the natural sound condition outperformed those in
the no sound or control condition. Results from the study indicate that natural
sounds can potentially facilitate attention restoration. Outcomes of this study
provide a better understanding of how parks can serve holistically as places for
the role of natural sounds on recovery from mental fatigue. In addition, gaining a
mental fatigue will further validate the protection of park soundscapes. Finally,
initiatives, such as the Healthy Parks Healthy People and the Natural Sounds
and Night Skies Division, develop plans and policies that aim to provide visitors
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Introduction
group of protected areas, offering parks, monuments, preserves, reserves, seashores,
such as recreation and scenic beauty, parks are increasingly being assessed for the
ecosystem services they provide, and measured through the lens of coupled, environmental
recover physically and mentally. For example, during World War II, the Ahwahnee Hotel in
Yosemite served as a Navy hospital intended for neuro-psychiatric rehabilitation because
yet growing body of research suggests that the unique and unparalleled ecological features
that can be experienced in national parks, such as natural sounds, can foster well-being,
leading to initiatives such as the Healthy Parks Healthy People (HPHP) program in 2011.
determining and evaluating health resources, documenting and understanding the link
between the environment and physical and mental health and well-being, evaluating
nutrition, improving socioecological health and communication strategies, and establishing

occurs from our busy lives can cause us to lose the ability to focus, control our emotions,
and make clear decisions. Restoration from this type of mental fatigue can transpire
from spending time in a natural setting or even sitting near a window with a natural view

Plan, 2013).
An important aspect of a park experience is the auditory experience. A primary
so do anthropogenic sounds. Earlier studies on sounds in national parks have indicated
soundscapes research lacks information regarding how anthropogenic and natural sounds
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mind. Information that links natural sounds to attention restoration, measured by recovery
from mental fatigue, will add a missing link to the existing body of literature and could
are also important for their cognitive health can help managers promote the protection
of natural sounds by developing plans and policies that aim to provide visitors with a
attention restoration and cognitive health.
Attention Restoration Theory

meaning that substantial effort is required to ignore distractions and focus on the task at
hand which can gradually lead to trouble focusing, controlling emotions and making clear
research providing evidence for splitting attention into two mechanisms: voluntary and
involuntary attention. Voluntary attention or directed attention is described as requiring
effort to eliminate outside stimuli, enhance focus, and leads to mental fatigue (Kaplan,
that draw attention without necessitating active or directed focus. ART proposes that
in order for an environment to facilitate recovery from mental fatigue, it needs to elicit
fascination and involuntary attention. When this occurs, the mind can replenish and recover
from mental fatigue.
According to ART, an environment can aid recovery from mental fatigue if it is
composed of the following components: (1) it should elicit soft fascination or captivating
stimuli that does not require directed attention, (2) it should elicit the feeling of being
which refers to how one should be able to accomplish their purpose in the given setting.
Natural environments such as those found in National Parks are often capable of containing
these four components and providing visitors with potential for restoration from mental
fatigue.

a natural or urban environment. This research found that participants who walked in a

the entire environment, both auditory and visual, was being experienced and subsequently
impacting results.
Attention Restoration and Natural Sounds
There is substantial evidence that viewing natural environments provide humans
primary outcomes either being related to stress and emotional recovery or to the restoration
visual access to nature, much of the research to date has focused on emotional or stress
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through skin conductance levels. Those study participants exposed to natural sound tended
have shown that natural sounds can elicit positive emotions more than sounds containing
However, within the domain of ART and cognitive restoration, the research on natural
potential restorative qualities of sound based on the four components of ART. This study
found rural park sounds to be rated higher in potentially restorative ART qualities than
methodology to explore the impacts of bird sounds on potential attention restoration
and concluded that bird sounds may be related to the four components of ART. More
experimental and direct tests of restorative soundscapes and cognitive ability are limited
to possibly a single study.
tasks to emulate mental fatigue. Participants were then randomly assigned to a restoration
period where they were exposed to one of six conditions: urban scenery, natural scenery,
urban sounds, natural sounds and a combination of both sights and sounds. To measure
restoration, participants were then given the same series of cognitive tasks. Participants
were also asked to rate their mood before and after the restoration exercise. Consistent
with prior work on mood restoration, this study found that the natural sights and sounds
improved participant mood. However, the cognitive restoration component of the study
was not supportive of ART research on visual or auditory natural environments and did
of the conditions. Thus it appears that while researchers have been able to connect natural
soundscapes with emotional and stress recovery, the connection between soundscapes,
experimentally demonstrate.
Study Purpose and Hypotheses
While there is a substantial body of evidence demonstrating the restorative impact of
of natural sounds, particularly with regard to attention restoration and cognitive recovery.

restoration as measured by cognitive performance. Further measurement of the effects
natural sound has on attention, measured by cognitive performance, will help demonstrate
the positive relationship between the natural environment and cognitive health.
sounds on restoration in a simulated park setting. Past studies in a similar context have
been successful in describing the negative effects of noise on perceptions of park scenery
access to natural settings can provide relief from mental fatigue and promote cognitive

H1 Natural sound will promote restoration in cognitive performance following a
fatiguing task while anthropogenic noise will fail to show similar cognitive
recovery on a cognitive task.
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H2 Participants who listen to natural sound will perform better on a cognitive
performance task than the control group as measured by a cognitive task.

Methods
Study Location and Participants

hearing were accepted for participation.
Experimental Design
The experimental design was comprised of three separate steps. First, participants
recover while listening to one of three different sound conditions (natural, anthropogenic,
cognitive task to measure how well they recovered from the depletion task.
Depletion task.
Table 1
Sound Conditions and Sound Levels
Sound Condition
Control
Natural

Sound Level dB(A)
No sound (noise canceling headphones)

Anthropogenic
Propeller plane
Motorcycle

66.6
61.4

task with the intention to induce mental fatigue so that recovery can be measured. Using a
delayed free recall task, participants were verbally given a nine-digit number to be recalled
and then asked to complete a questionnaire that required writing different numbers.
to recite, out loud, the nine-digit number, which the researcher recorded and later coded
for accuracy. The procedure was then repeated with a different nine-digit number and a
participants by placing dual demands upon their attention (i.e., the demand to maintain
one set of numbers while reporting and writing a competing set of numbers), in order
The researchers pilot tested the depletion task to ensure its effectiveness in depleting
participants.
Recovery period. Participants were given a recovery period lasting seven minutes.
participants were prompted to imagine that they were relaxing in a national park. A video
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brand noise-canceling headphones). The three sound clips included (1) a control condition
of no sound, (2) a natural clip, and (3) an anthropogenic clip (see Table 1).

natural sounds chosen for this experiment were wind and birdsong, which have been rated
as highly pleasing in past studies (Pilcher et al., 2009). Editing and mixing were performed
using Audacity®. The sounds levels for all three sound conditions were measured with a
used and the sound level for each individual sound.
Motorcycle and propeller plane sounds were chosen as a source of anthropogenic noise
because these sounds have been rated as more annoying than other sounds in a natural

Performance measure/cognitive task. The backwards digit-span task was used to
measure recovery from mental fatigue. The purpose of this task was to measure directed
attention performance, however, the task has been used to measure other cognitive functions
digit-span task has been successful in measuring attention restoration and has been used in
appropriate for this study. Participants were asked to listen to a digit sequence and were
two digits and ascended up to eight digits. For example, the research assistant would read
backwards digit-span score was based on the maximum number of digits the participant
could recite backwards to the researcher, eliciting a score between two and eight.
Data Analysis
sound conditions on attention restoration. To test H1 a one-way analysis of variance
conditions based on the mean score for the backwards digit-span task (score between 2 and
was tested using two separate independent sample t-tests to identify differences in
2
mean scores between both the natural and anthropogenic sound conditions and the control
group. Means and t
of H2. Hypotheses were developed based on similar studies and ART. Had the study been
in a Type I error1.
d for the
1
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independent samples t-test comparing performance in the control condition to the natural

d found here represents a strong relationship.

Results
were not depleted and requiring recovery were excluded from the study. The researchers
determined depletion based on the maximum number of digits the participant could recite
were coded as “depleted.” Those who could not meet this requirement were coded “not
depleted” and were not used in the analysis of these data. It was assumed that if participants
failed to score moderately on the depletion task, then they did not retain the numbers and
therefore did not experience mental depletion. A total of 93 participants were coded as
“depleted”. Twenty-three participants were not included in the data analysis (20%). The

Differences Between Sound Conditions (H1)
on attention restoration as measured by cognitive performance. A one-way analysis of
conditions (natural, anthropogenic, and control) based on the mean score for the backwards
and mean backward digit span score as the dependent variable, we found the differences
between the mean backward digit span score in the three sound conditions to be marginally
p = .062). This test did not fully support H1 and participants who listened to the
natural sound condition (M = 6.14, SD
scores when compared to those who listened to anthropogenic sounds (M = 6.03, SD =
M
SD
were consistent with predictions and existing theory suggesting that cognitive restoration
could be occurring.
Restoration Relative to the Control Condition (H2)
The results from H1
investigation of the effects of sound condition on cognitive performance. In H2 we
predicted that participants who listen to natural sounds will perform better on a cognitive
performance task than the control group as measured by the backwards digits span task.
In order to test this, we conducted two independent samples t-tests to compare attention
restoration in participants who received the control condition with those who listened to
the natural sounds and those who listened to anthropogenic sounds. First, we compared the
outperformed the control (t

p<.027). We also tested the difference between the

shown in the anthropogenic sound condition (t
p
H2
control group, as measured by performance on the backward digit span task. A similar
effect was not shown when comparing anthropogenic sounds to the control group.
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Discussion
The aim of this study was to measure how natural and anthropogenic sounds
supportive of H1
the descriptive trend of the data and the low p-value observed (.062) suggest that cognitive
recovery was indeed occurring for some conditions and not others. Follow-up analyses
(H2) show that natural sounds outperformed the control condition on cognition, but
anthropogenic sounds did not, which provided further evidence of natural sound-induced
attention restoration.
demonstrate any form of soundscape induced cognitive restoration. Thus, these data
partially support the assertion that natural sounds can promote recovery from mental
task than those who experienced an anthropogenic condition. While this study did use a
visual stimulus (video from Yosemite National Park), all participants viewed the same
scenes or walking through a natural area, the sounds of nature can relieve the directional
While H1
natural sounds overlaid with interruptions of motorcycle and propeller plane noise. The
sound clip was developed in a way that imitated a park experience. Had the researchers
developed a sound clip of solely anthropogenic noise, they might have found a stronger

and wind, promote restoration over hearing no sound (H2
mean cognitive performance scores from the natural sound condition with the control
who experienced to no sound. With mental recovery being the indicator of restoration, the
natural sound group had an acoustic experience more conducive to recovery from mental
fatigue than those in the control condition. Furthermore, when the anthropogenic sound
condition was compared to the control, there was no effect. This further validates our
suggestion that natural sounds encourage recovery from mental fatigue.
Management Implications
sounds on attention restoration. The methods used in this study were developed in a way
shown a video from Yosemite National Park and prompted to imagine that they were
actually in that scene. Additionally, the sound conditions were developed in a way that
mimicked actual park experiences. The purpose of this methodology was to not only add
information to existing academic literature, but to also offer real world application in parks
and protected areas. For example, park and protected area managers can suggest places
that are rich in natural sound for visitors seeking a cognitively restorative experience.
heard by visitors. For example, as a result of soundscapes research in Muir Woods National
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protection in national parks and other protected areas. The Healthy Parks Healthy People
initiative aims to understand the link between the natural environment and human health
natural sounds to well-being suggest that a park experience, rich in natural sounds, can
Limitations and Future Studies
This study was limited by a few different factors. First, the demographic sampled
conveniently sampled undergraduate and graduate students. Additionally, the nature of
undergraduate life might have resulted in testing participants who were cognitively depleted
even before entering the lab. University students are spending their days attending lectures,
studying, and balancing a social life, which probably leaves them mentally exhausted. In
children or older adults) to understand if natural sounds have the same effect on a wider
range of individuals.
Park. The study did not determine if the sounds would be as restorative without the visible
nature scene. Although all participants (including the control) received the same visual
treatment, this study was limited in that sounds were not tested independent of a visual
scene, instead asking participants to sit in front of a blank wall, similar to the methods used

Plan and strengthen the connections between park environments and human health. If
researchers can better understand the contribution of parks to well-being, managers will
The current study provides some evidence that natural sounds can provide a cognitively
restorative experience, but future research expanding on this concept will provide useful
information to park managers promoting natural areas as a place to restore the body and
mind.

Conclusion
both real and simulated, to suggest natural environments can restore participants from
natural sounds could have the same effect. Moreover, the study methods were designed
so as to simulate a national park experience, to add information to the existing literature
on the impacts of anthropogenic and natural sounds to park visitors. These data partially
supported H1 and fully supported H2. Therefore, we conclude that natural sounds,
Ultimately, parks and protected areas serve as a place to conserve ecosystems for
the restorative qualities of nature, parks and protected areas can also serve as places to
is an important motivation or experience preference for park visitors. Whether we are
conscious of it or not, hearing bird song or wind rustling in an aspen grove are sounds
recover our mental fatigue, improving our ability to focus on important aspects of daily

14
living. These relationships are yet another reason that parks and protected areas serve as
places to preserve ecosystems, as well as a place for humans to improve cognitive health.
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