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Sound and Soundscape in
Restorative Natural Environments: A
Narrative Literature Review

Eleanor Ratcliffe*

Faculty of Health and Medlical Sciences, School of Psychology, University of Surrey, Guildford, United Kingdom

Acoustic experiences of nature represent a growing area in restorative environments
research and are explored in this narrative literature review. First, the work surveyed
indicates that nature is broadly characterized by the sounds of birdsong, wind, and
water, and these sounds can enhance positive perceptions of natural environments
presented through visual means. Second, isolated from other sensory modalities these
sounds are often, although not always, positively affectively appraised and perceived
as restorative. Third, after stress and/or fatigue nature sounds and soundscapes can
lead to subjectively and objectively improved mood and cognitive performance, as
well as reductions in arousal, although some inconsistencies in findings are observed.
Fourth, theoretical frameworks of restorative environments would benefit from inclusion
of acoustic environmental properties such as sound intensity or frequency. Fifth, findings
regarding positive, learned semantic associations with nature have arisen as a result
of recent work on sounds and restoration. This represents another important area of
potential theoretical development for broader restorative environments research.
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INTRODUCTION

There is an abundance of literature regarding the ability of certain settings, termed “restorative
environments,” to facilitate recovery from everyday cognitive fatigue, negative mood, and stress
(Collado etal., 2017). Much attention has been paid to the restorative value of natural environments
in particular (Hartig et al., 2014). Studies on these topics tend to focus on visuo-spatial experience of
environments, utilizing stimuli such as photographs, videos, and slideshows, but environments are
not experienced through vision alone. There is growing interest in and call for study of non-visual
aspects of restorative environments, including sound, smell, and touch (Conniff and Craig, 2016;
Iyendo, 2016; Franco et al., 2017; Aletta and Kang, 2019; Sona et al., 2019; Schebella et al., 2020).
Such work is important to ensure that the research field remains relevant to individuals with visual
impairment (Shaw et al., 2015; Bell, 2019a,b) and to maximize extended reality presentations of
environments, e.g., through virtual or augmented reality (Depledge et al., 2011).

While research on touch and smell in restoration remains limited, nature sounds and natural
soundscapes are increasingly identified as important ecosystem services that can aid psychological
restoration as well as well-being more broadly (Francis et al., 2017). Here soundscape is defined as
the acoustic environment as perceived, understood, and/or experienced by people, in context (see
International Organization for Standardization, 2014). However, the theories that seek to explain
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1. Effects of nature sounds on environmental experience

4

2. Cognitive and affective appraisals of nature sounds as
restorative

!

3. Restorative outcomes in response to nature sounds

|

4. Relevance of key restoration theories to experience of nature
sounds

l

5. Semantic associations with nature as a possible explanation
for links between sound and restoration

FIGURE 1 | Flowchart summarizing the key topics of interest in this literature
review.

why certain environments facilitate restoration focus primarily
on visual experience (see Ulrich, 1983; Kaplan and Kaplan, 1989).
The first step in better integrating sound and soundscape into
our theoretical understanding is to examine and review the
available literature.

A systematic review by Aletta et al. (2018) has identified
links between positive urban soundscapes (which may also
include nature sounds) and health and well-being, including
stress recovery. Given the emphasis on nature within restorative
environments (see Hartig et al, 2014), the present narrative
literature review focuses on evidence for positive psychological
experiences of nature sounds and soundscapes specifically, and
in particular how listening to these can generate perceptions and
outcomes of restoration from stress and fatigue. This review has
five key objectives, summarized in Figure 1. First, it explores
literature regarding the impact of nature sounds on perceptions
and experiences of wider natural environments. Second, it
examines evidence regarding cognitive and affective appraisals of
nature sounds and their contributions to overall perceptions of
restorative environments. Third, literature regarding restorative
outcomes in response to nature sounds is assessed. Fourth, the
relevance of key restoration theories to this topic is examined
and areas where these theories are limited are identified.
Fifth, a possible new theoretical area of interest—semantic
associations with nature—is discussed and exemplified by recent
acoustics research.

SOUNDS ARE IMPORTANT FOR
ENVIRONMENTAL EXPERIENCES OF
NATURE

Peace and quiet are important aspects of being in nature but this
does not mean the presence of complete silence—rather, it can
relate to the concept of relative tranquility, or reduction in sounds
from the built environment and the opportunity to hear pleasant

sounds of nature (De Coensel and Botteldooren, 2006; Pheasant
et al.,, 2008).

Qualitative studies describe exposure to natural environments
as a positively regarded, multi-sensory experience, whereas
a lack of such multi-sensory aspects is regarded negatively.
For example, following qualitative interviews with 20 wildlife
tourists, Curtin (2009, p. 461) reported that participants
experienced a heightened sensory awareness after wilderness
trips to locations in Spain and USA: “I have seen and
heard things in the natural world that I didn’t know even
existed. It was as if my senses were coming alive...” Curtin
describes the sensory dominance of vision in the wildlife
tourism experience but notes that it is experienced in the
context of other sensory modalities such as sound and smell.
In their qualitative study, Fredrickson and Anderson (1997,
p- 31) found that a sample of 12 women reported direct
experience of the sounds of nature as a particularly meaningful
aspect of wilderness trips to Minnesota and Arizona, USA. As
one participant observed, “It was so incredible being able to
hear the birds, yeah, and just the crunching of animals all
around us... The sounds of the forest, the snapping of the
twigs, hearing the tiny sigh of the wind through the treetops
at night.”

In a study of participants awaiting treatment at a stress clinic
in Sweden, Kjellgren and Buhrkall (2010, p. 470) qualitatively
explored differences in restoration after direct exposure to
Swedish woodland and exposure to the same environment
mediated through photographs. In the mediated exposure
condition themes regarding an absence of sensory input were
prevalent; e.g., “Missing the smells and sounds.” The absence
of auditory input was related to potentially negative affective
states such as loneliness (“I feel a lonely quietness”) although
another participant framed the lack of sound in a more positive
way: “Peace and quiet.” In contrast, themes from the direct
exposure condition reflected increased sensory awareness (“After
awhile I hear more and more sounds of nature”... “My senses
feel heightened now;” Kjellgren and Buhrkall, 2010, p. 469).
These data suggest that experiencing the mediated natural
environment, lacking in sound, was unsatisfactory for some
participants to the extent that it caused varying perceptions
of stress, boredom, and lack of concentration. Kjellgren and
Buhrkall (2010) suggest that this may be due to a lack of presence
in the mediated environment.

This perspective is supported by qualitative participant
comments in an otherwise quantitative study conducted by
Annerstedt et al. (2013) regarding virtual reality experience of
a forest with and without nature sounds. When the sounds
were absent the forest was regarded as unsettling, as though
something was missing. In quantitative analysis of data provided
by Swedish residents, Grahn and Stigsdotter (2003, p. 7) observed
that areas of green space such as quiet parks, rated as helpful
when feeling stressed or worried, do not lack sounds completely
but feature “sounds of the wind, birds, water, etc.” Similarly, Bjork
et al. (2008, p. 3) note that serenity and lushness are desirable
characteristics of natural environments, where serenity is defined
as “sounds of wind, water, birds, and insects” and lushness as “a
place rich in species.”
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The sounds of nature are an integral part of environmental
experience and appreciation (Mace et al., 2004) and quantitative
studies also show that they play an important role in the way
natural environments are perceived. For example, supplying
nature sounds alongside visuospatial nature stimuli can
significantly enhance positive appraisals of the setting, including
preference and perceived restorativeness (e.g., Anderson et al.,
1983; Jahncke et al., 2015; Franék et al., 2018; Zhao et al., 2018;
Zhu et al, 2020]. This may be due to an increased sense of
presence in the environment generated by greater sensory input
and awareness as a result of the presence of sound. Support for
this argument comes from a body of qualitative work, described
below, in which the experience of natural sounds is expressed as
a desirable and immersive aspect of being in nature.

Overall, exposure to aspects of nature beyond the purely
visual—including sounds—appears related to a greater sensory
awareness, immersion in, and sense of presence within nature.
This immersion is described in positive terms by participants
in qualitative studies such as Curtin (2009) and Kjellgren and
Buhrkall (2010), whereas the lack of immersion offered by
visual experience of nature only is seen as less positive in
comparison (Annerstedt et al., 2013). These findings suggest that
natural sounds may offer benefits to restorative perceptions and
experiences by affording a greater sense of realism and immersion
in nature.

APPRAISALS OF NATURE SOUNDS AS
PLEASANT, RELAXING, AAND
POTENTIALLY RESTORATIVE

Perhaps the largest body of literature on human experiences of
natural sounds relates to how they are affectively and cognitively
appraised. This literature is both qualitative and quantitative, and
these two bodies of work are discussed separately here.

Qualitative Approaches to Appraisals of

Natural Sounds

Qualitative research indicates a relationship between the presence
of natural sounds and a state of positive affect. In semi-structured
interviews with rural-dwelling Portuguese participants, Pereira
etal. (2005, p. 26) revealed a theme of “the feeling of joy provided
by bird songs.” Similarly, Modelmog (2002) interviewed farmers’
wives in Ammerland, Germany, about their relationships with
nature. A participant associated listening to birdsong with a
positive affective state: “In my garden there blooms a sunflower.
[...] Sometimes a bird sits on it and sings. This is happiness
to me (Modelmog, 2002, p. 120).” Curtin (2009) also reported
that participants associated wildlife sounds with changes in
psychological states. For one participant, birdsong was associated
with a shift from negative to positive affect: “When you have not
been sleeping and you wake up very early and you hear the dawn
chorus and you hear the birds, you can suddenly in seconds feel
uplifted...” (Curtin, 2009, p. 469).

In a series of semi-structured interviews, Ratcliffe et al. (2013)
found that members of the British public generally associated the
sounds of nature (e.g., water, wind, and birdsong) with perceived
restorative experiences such as pleasure, relaxation, and escape

from everyday concerns. Kjellgren and Buhrkall (2010, p. 469)
reported that participants in their study responded to the sounds
of nature with positive affective appraisals and perceptions of
reduced arousal, with one participant noting, “The singing
of the birds makes me feel relaxed” and another describing
“calming sounds” heard in nature. Similarly, in Cerwén’s et al.
(2016) qualitative study, Swedish patients recovering from
stress perceived nature sounds in a rehabilitation garden as
a source of pleasure, relaxation, and restoration. While much
research on restoration focuses on green space, Nicolosi et al.
(2020) identify coastal soundscapes as positive predictors of
perceived restoration.

The restorative experiences of blind and visually impaired
individuals in nature has been largely neglected in environmental
restoration literature, perhaps due to the strong visuo-spatial
focus of existing studies, but this body of work can tell us
a great deal about perceptions of natural sounds. Shaw et al.
(2015) specifically examined the experience of visually impaired
individuals in nature via semi-structured interviews. Thematic
analysis revealed perceived restoration arising from sounds as
a key theme of experiences in nature. One participant, Helen,
noted that, “...you hear a lot of birds. That, that gives you a
tremendous feeling of well-being [...] a much more peaceful
feeling than you have when you are at home” (Shaw et al,
2015, p. 8). In the context of her wider project “Sensing Nature,”
Bell (2019a,b) also reported that individuals living with sight
impairment used sound as means of connecting with nature,
and particularly with wildlife, and experienced positive affective
states such as pleasure, freedom, and reduced vulnerability as
a result.

Quantitative Approaches to Appraisals of
Natural Sounds

The work referenced above indicates that natural sounds are
often related to affective states of pleasure and relaxation.
Quantitative evidence suggests a similar story and contrasts
these positive appraisals with more negative evaluations of
anthropogenic sounds. For example, Kariel (1980) recruited
individuals from the general public and a mountaineering
population and found that both samples considered nature-
based sounds of wind, water, wild native fauna (including
birds and insects) pleasing or agreeable, whereas the
sounds of people and technology were considered neutral
or acceptable at best and annoying at worst. Both samples
rated the top three sounds (wind, water, and wild animals)
equally pleasant. Similarly, Anderson et al. (1983) observed
that sounds such as wind, insects, and birdsong were
most preferred amongst a range of natural, human, and
mechanical sounds.

Assessments of these sounds as pleasant has implications
for how beneficial they may be to listeners. Medvedev et al.
(2015) integrated subjective ratings of environmental sounds
and objective measures of stress recovery to show that ratings
of natural sounds as pleasant were related to their ability to
aid recovery from stress. In a questionnaire study of Swedish
residents, Hedblom et al. (2017) found that women and older
participants in particular reported finding nature sounds (such
as birdsong and wind in leaves) calming, suggesting potential
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interactions between sound appraisal and demographics or
individual differences.

Using the purpose-developed Perceived Restorativeness
Soundscape Scale (PRSS), Payne (2013) differentiated between
the perceived restorativeness of urban, urban park, and
rural soundscapes in a lab setting, with the rural soundscape
(comprising birds, water, and wind) scoring most highly.
Similarly, Emfield and Neider (2014) observed that natural
sounds of the sea and seagulls were rated as more relaxing than
sounds from the urban environment. Even when differences in
positive appraisals were controlled for, Kryzwicka and Byrka
(2017) found that nature soundscapes were perceived as more
restorative. These findings indicate that typical sounds and
soundscapes of nature are considered more restorative than
those from the built environment, echoing the distinction found
between visuo-spatial natural and urban environments (Hartig
et al., 2014).

Not All Sounds in Nature Are Perceived as

Pleasant

There is, however, evidence to suggest that not all nature
sounds are regarded equally positively. In a ratings study of
fifteen natural sounds, Bjork (1985) found that the songs of
chaffinches and other songbirds were rated as more pleasant
than the calls of lapwings or gulls. Bradley and Lang (2007)
measured 167 sounds on scales of pleasure, arousal, and
dominance, of which 21 sounds were from natural sources
such as animals (including birds), water, and wind. Some
natural sounds, such as water and birds, scored relatively
high on pleasure while others, such as growling, were rated
as less pleasant, indicating that although natural sounds may
generally be perceived as pleasant there is variation depending
on the type of sound and its source. Similar findings are
reported by Hume and Ahtamad (2013), in which wave sounds
and birdsong were rated as very pleasant but the sound of
foxes was not. Work by Ratcliffe et al. (2013, 2016, 2020)
shows that there is variation even within a single category of
nature sound (bird songs and calls): songbirds are qualitatively
and quantitatively regarded as more pleasant, relaxing, and
potentially restorative than birds which make rough, noisy,
and simple calls, or those which have negative meanings
or associations. Zhao et al. (2020) have linked crow sounds
specifically to lower evaluations of the perceived restorativeness
of park soundscapes, while woodpeckers and sparrows are
related to more positive evaluations. These findings suggest
that variations in preference and perceived restorative value
exist even between types of nature sound within the same
category. Moreover, combinations of natural sound that reflect
biodiversity are also positively regarded. Hedblom et al. (2014)
observed that combinations of bird sounds were rated as more
pleasant than the sounds of a single species, which may be
linked to positive perceptions of biodiversity. This is supported
by findings that locations judged to be rich in bird sound are
also perceived as more restorative (Fisher et al., 2021), including
when such sounds are experimentally manipulated (Ferraro et al.,
2020).

NATURE SOUNDS CAN LEAD TO
RESTORATIVE OUTCOMES

In many experimental studies that examine restorative outcomes,
sounds have been included as part of the experimental stimuli
(audible in situ or through audio-visual recordings) but their
contributions to the restorative experience were not specifically
examined (e.g., Ulrich et al., 1991; Hartig et al., 2003; van den
Berg et al, 2003; Berman et al, 2008). A growing body of
literature has set out to address this. In the following section
this is reviewed in two parts: research relating to subjectively
measured restoration, and that relating to objective measures
(i.e, change in physiological state and/or performance on
cognitive tasks).

Subjectively Measured Restoration

Jahncke et al. (2011) examined the restorative effect of a 7-
min exposure to audio-visual media of a river, audio media
of a river only, silence, or high office noise. Participants who
experienced audio-visual media of the river self-reported having
more energy than those who experienced only river only or
high noise conditions. Both audio-visual and audio exposure to
the river media resulted in higher self-reported motivation to
work than exposure to office noise. This suggests that experience
of nature sounds contextualized by visuals may produce self-
reported restorative outcomes, although Ma and Shu (2018) have
reported restorative effects of nature sounds independently of
visual stimuli.

Studies exploring the restorative effects of natural sounds,
separate from visual experience, have until recently been
relatively limited. Goel and Etwaroo (2006) observed that
exposure to a recording of birdsong combined with classical
music significantly reduced self-reported depression and anger
in a sample of University students, both depressed and non-
depressed. While the findings suggest that listening to birdsong,
among other sounds, can have rapid effects on self-reported
mood, the study does not dissociate the effects of birdsong
from the effects of music, a stimulus which is well-known to
induce affective change (see McDermott, 2012, for a review). In a
laboratory experiment, Benfield et al. (2014) exposed participants
to a stress- and negative affect-inducing video and then to one of
four conditions: natural sounds (birdsong and rustling leaves);
natural sounds plus traffic; natural sounds plus voices; or a
control condition with no audio present. Only in the natural
sounds condition did participants show improvements in mood,
while participants in the other three conditions showed either
declines or non-significant increases. Effects on arousal were not
investigated in this study; however, Ma and Shu (2018) examined
responses to nature sounds within a simulated open-plan office
and found that water and birdsong sounds significantly aided
recovery from self-reported annoyance as well as fatigue.

Objectively Measured Restoration

In line with physiological effects of soundscapes more broadly
(see Erfanian et al., 2019, for a review), studies that objectively
measure the effects of nature sounds on stress recovery reveal
mixed results. On the one hand, Annerstedt et al. (2013) observed
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that experiencing a virtual reality forest environment with birds
and water sounds aided recovery from a social stress task
(measured via change in heart rate variability) to a greater
extent than experiencing the forest environment without sounds
or no environmental experience. Participants who listened to
nature sounds for 7min in a waiting room setting showed
significantly reduced pulse rate and muscle tension, whereas
those who listened to classical music or silence did not (Largo-
Wight et al., 2016). Alvarsson et al. (2010) found that stress
recovery, as measured by change in skin conductance level (SCL),
was significantly greater when participants listened to birdsong
and water sounds mixed together vs. loud traffic noise. Recovery
from stress tended to be faster, although not significantly greater,
in the nature condition than in response to quiet traffic noise
or ambient environmental noise. Hedblom et al. (2019) reported
no significant differences in stress recovery between three sound
conditions (birdsong, traffic, and birdsong + traffic).

Alvarsson et al. (2010) reported faster recovery in the nature
condition than the low noise condition even though these
were presented at the same sound pressure level (50dB LAeq,
4 min), suggesting that differences in the loudness vs. quietness
of an acoustic environment may not be completely responsible
for stress recovery. Instead, they suggest that the perceived
pleasantness of the sounds may also be relevant and could pertain
to their semantic content rather than merely their acoustic
properties. In an extension of this work where sound pressure
levels were controlled at an average of 64 dB SPL! across
conditions, Medvedev et al. (2015) observed faster decreases
in skin conductance level following stress when participants
were exposed to bird and water sounds, vs. sounds from the
built environment.

Similar results are reported in studies of objective
psychophysiological responses to natural sounds, even in
the absence of a prior stress/fatigue condition. For example,
Gould van Praag et al. (2017) found that participants who
listened to familiar nature sounds showed better attentional
monitoring and increased parasympathetic nervous activity than
those who listened to artificial sounds. Jo et al. (2019) found
that participants who experienced sounds of the forest displayed
reduced signs of physiological arousal (i.e., reduced sympathetic
nervous system activity) as compared to those who experienced
urban sounds. Li and Kang (2019) found that listening to
5-min nature sound recordings (birdsong, ocean waves) led to
reductions in certain signs of physiological arousal, including
heart rate and respiration frequency and depth, whereas street
and traffic soundscapes did not. Contrastingly, Hume and
Ahtamad (2013) observed small but significant reductions in
heart rate after listening to short (8-s) clips of unpleasant sounds.

Literature regarding effects of natural sounds on objective
measures of cognitive performance, or cognitive restoration
after fatigue, is also somewhat contradictory. On one hand,
Emfield and Neider (2014) reported no significant differences in
change in cognitive performance (as measured via pre- and post-
exposure administration of a battery of cognitive tasks) as a result

Further information on the acoustic presentation, e.g., A-weighted SPL, is not
given in the cited paper and therefore cannot be commented upon here.

of listening to ocean and bird sounds, vs. urban sounds. Abbott
et al. (2016) reported only marginally significant restorative
effects of nature sounds on cognitive performance as measured
via a backwards digit span task (BDST). On the other hand,
Van Hedger et al. (2019a) reported significant improvements
in cognitive performance (as measured by a composite dual
n-back task and BDST) among participants exposed to nature
sounds, as opposed to urban sounds, although surprisingly no
such effects were found on change in affect. Among samples
of school children, Shu and Ma (2019) found that listening to
nature sounds (birdsong, water sounds) led to faster responses
on a sustained attention to response task (SART) and increased
performance on a digit span task (DST). In an in situ study in
China where sound recordings were experimentally manipulated,
Zhang et al. (2017) found that participants exposed to nature-
based sounds showed greater attention restoration (as measured
via performance on a mental arithmetic task) than those exposed
to traffic or machinery sounds.

The studies reviewed above indicate that natural sounds can,
in some cases, generate restorative outcomes in terms of affect,
psychophysiological arousal, and cognition. These can occur
separately from visual exposure to nature but may be enhanced
by the presence of visual stimuli.

THEORETICAL APPROACHES TO
SOUNDS AND RESTORATION

Since the 1980s two key theories have attempted to explain
why certain environments, and particularly nature, can facilitate
restoration. These are attention restoration theory (ART; Kaplan
and Kaplan, 1989; Kaplan, 1995) and stress reduction theory
(SRT; Ulrich, 1983; Ulrich et al.,, 1991). As mentioned at the
start of this review these theories focus predominantly on
visual experience of natural environments. Ulrich (1983, p.
86) observes that “many sounds and smells in natural settings
surely also influence our feelings,” but ultimately focuses on
visuo-spatial and aesthetic properties of the environment that
can influence affective appraisals and reductions in arousal.
These include visual complexity, pattern, depth of scene, surface
texture, deflected vistas, and affordances of resources (e.g., water)
and threats (e.g., predatory animals). A more recent processing
fluency account (PFA; Joye and van den Berg, 2011) challenges
some of the psycho-evolutionary principles behind SRT but
this too is framed in terms of ease of processing of visual
environmental properties.

ART (Kaplan and Kaplan, 1989; Kaplan, 1995) proposes
that restoration is driven by cognitive experiences of soft
fascination or effortless attention to the environment, a sense
of psychological escape or being away, spatial extent, and
person-environment compatibility. While these concepts should,
in principle, apply to different types of sensory experience,
in practice the theory relies heavily on visual examples of
such experiences (e.g., experiencing fascination by looking at
natural phenomena) to illustrate relevant concepts. Sounds are
not mentioned in the original theoretical work, yet visually
complex scenes can be represented through acoustically complex
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soundscapes (Andringa and Lanser, 2013) and in developing
a measure of perceived restorativeness of soundscapes Payne
(2013) has shown that ART can be applied to acoustic
experiences. Even the acoustic and aesthetic properties of
individual sounds (bird songs and calls) are related to
assessments of perceived restorativeness (Ratcliffe et al., 2020).
Work by Qiu et al. (2021) on natural soundscapes during
the COVID-19 pandemic suggests that acoustic features of an
environment can impact directly on appraisals of ART constructs
of extent and fascination, while being away and compatibility
may be indirect products of these appraisals. It seems timely to
evaluate and update key theories of restoration in order to include
acoustic properties in the same way that low-level visual features
of environments are considered (see, e.g., Schertz and Berman,
2019).

ASSOCIATIONS WITH NATURE: A NEW
AVENUE FOR THEORETICAL
DEVELOPMENT?

A concept that is alluded to in SRT (Ulrich, 1983) but is
otherwise not greatly explored is the potential relationship
between semantic properties specific to an individual and
restorative perceptions and outcomes in response to nature.
Such properties might include associations, memories, or
meanings otherwise linked to the environment (Stigsdotter
et al, 2017). Researchers studying the restorative effects of
natural sounds and soundscapes have argued for a more
interpretative, constructionist approach to how individuals
perceive and respond to these environments; i.e., that individuals
experience natural soundscapes as a result of both bottom-up,
perceptually driven processes and those that are top-down, based
on existing preferences, attitudes, and cognitions (Payne, 2008;
Ratcliffe et al., 2016). Compatibility between individuals and their
soundscapes is also emphasized as a key predictor of perceived
restoration by Qiu et al. (2021).

On listening to nature sounds individuals may visualize their
own imagined natural environments (Ratcliffe et al., 2016; Bates
etal,, 2020). There is experimental evidence regarding influences
of imagination and learned association on perceptions of the
restorativeness of sounds. Listening to pink and white noise
reduced self-reported feelings of exhaustion when participants
were told that it was the sound of a waterfall, as opposed to a
machine, despite the sound itself remaining objectively the same
(Haga et al,, 2016). Similarly, Van Hedger et al. (2019b) found
that preference for natural over urban sounds was dependent
on the sounds being recognizable as from these respective
categories, and that when this was not recognizable the acoustic
properties that characterized these sounds were not in themselves
predictors of preference. This recent body of work emphasizes
the contribution that semantic, associative interpretations
of nature make to restorative perceptions and outcomes,
over and above any such effects resulting from perceptual,
sensory experiences. As a next step, restoration researchers
could incorporate this constructivist approach into theoretical
models. This may be achieved by focusing on individual

differences in environmental identities, implicit associations
with environments or environmental stimuli, perceived rather
than objective sources of environmental stimuli, and aspects of
individual bonds with place.

DISCUSSION AND CONCLUSIONS

A growing body of work demonstrates restorative perceptions of
and outcomes associated with listening to nature sounds, in line
with wider evidence that visuo-spatial experiences of nature can
benefit psychological well-being (Hartig et al., 2014). As outlined
in this review, birdsong, wind, and water are often considered
characteristic of pleasant, tranquil natural environments. The
presence of these sounds can enhance immersion and sense of
presence in visual or other virtually mediated environments and
increase positive appraisals of these settings. These sounds are
typically perceived as pleasant and calming although variation in
such appraisals exists between different types of natural sounds.
While evidence for restorative perceptions of nature sounds is
broadly consistent, the evidence for restorative outcomes (both
cognitive and affective) arising from such exposure is somewhat
inconsistent. This may be a result of the different methodologies
used in these studies, which are themselves still limited in number
in comparison to research on visual experience of nature.

This review has also considered the attention given to
acoustic stimuli by key restorative environments theories; i.e.,
ART (Kaplan and Kaplan, 1989) and SRT (Ulrich, 1983). It is
notable that vision and visual examples from nature dominate the
original works in which these theories were set out. It is evidently
the case that natural sounds can lead to some form of restoration,
be it subjectively perceived or objectively measured, and therefore
the key theories will need to change to better accommodate
acoustic environmental factors in the same way that they do
visual properties of environments. For example, in addition to
including surface texture and depth of scene as SRT does, a
modified theory or model might also include sound intensity and
frequency. Finally, work by Haga et al. (2016) and Van Hedger
et al. (2019a) suggests that the semantic value of natural sounds
(i.e., as natural, and therefore positive) may inform restorative
perceptions, beyond mere evaluation of perceptual properties.
Greater focus within restoration theory on the meanings that
people associate with environments is overdue and may serve
to better explain how and why different settings—within and
beyond nature and experienced through a variety of sensory
means—can support psychological well-being.

AUTHOR CONTRIBUTIONS

ER conducted all aspects of this literature review.

ACKNOWLEDGMENTS

Some of the content of this manuscript has been published
as part of ERs Ph.D. thesis (Ratcliffe, 2015). I am grateful to
the two reviewers for their comments on earlier versions of
this manuscript.

Frontiers in Psychology | www.frontiersin.org

April 2021 | Volume 12 | Article 570563


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Ratcliffe

Sound and Soundscape in Restorative Natural Environments

REFERENCES

Abbott, L. C., Taff, D., Newman, P., Benfield, J. A., and Mowen, A. J. (2016). The
influence of natural sounds on attention restoration. J. Park Recreation Adm.
34, 5-15. doi: 10.18666/JPRA-2016-V34-13-6893

Aletta, F., and Kang, J. (2019). Promoting healthy and supportive acoustic
environments: going beyond the quietness. Int. J. Environ. Res. Public Health
16:4988. doi: 10.3390/ijerph16244988

Aletta, F., Oberman, T., and Kang, J. (2018). Associations between positive health-
related effects and soundscapes perceptual constructs: a systematic review. Int.
J. Environ. Res. Public Health 15:2392. doi: 10.3390/ijerph15112392

Alvarsson, J. J., Wiens, S., and Nilsson, M. E. (2010). Stress recovery during
exposure to nature sound and environmental noise. Int. J. Environ. Res. Public
Health 7, 1036-1046. doi: 10.3390/ijerph7031036

Anderson, L. M., Mulligan, B. E., Goodman, L. S., and Regen, H. Z. (1983). Effects
of sounds on preferences for outdoor settings. Environ. Behav. 15, 539-566.
doi: 10.1177/0013916583155001

Andringa, T. C, and Lanser, J. J. L. (2013). How pleasant sounds promote and
annoying sounds impede health: a cognitive approach. Int. J. Environ. Res.
Public Health 10, 1439-1461. doi: 10.3390/ijerph10041439

Annerstedt, M., Jonsson, P., Wallergard, M., Johansson, G., Karlson, B., Grahn, P.,
et al. (2013). Inducing physiological stress recovery with sounds of nature in a
virtual reality forest — results from a pilot study. Physiol. Behav. 118, 240-250.
doi: 10.1016/j.physbeh.2013.05.023

Bates, V., Hickman, C., Manchester, H., Prior, J., and Singer, S. (2020). Beyond
landscape’s visible realm: recorded sound, nature, and wellbeing. Health Place
61:102271. doi: 10.1016/j.healthplace.2019.102271

Bell, S. L. (2019a). Experiencing nature with sight impairment: seeking freedom
from ableism. Environ. Plan. E 2, 304-322. doi: 10.1177/2514848619835720

Bell, S. L. (2019b). Nurturing sociality with birdlife in the context of life
with sight impairment: a role for nonhuman charisma. Soc. Cult. Geogr.
doi: 10.1080/14649365.2019.1667018. [Epub ahead of print].

Benfield, J. A., Taff, B. D. Newman, P., and Smyth, J.
Natural sound facilitates mood recovery. Ecopsychology 6,
doi: 10.1089/ec0.2014.0028

Berman, M. G., Jonides, J.,
benefits of interacting with nature.
doi: 10.1111/.1467-9280.2008.02225.x

Bjork, E. A. (1985). The perceived quality of natural sounds. Acustica 57, 185-188.

Bjork, J., Albin, M., Grahn, P., Jacobsson, H., Ardo, J., Wadbro, J., et al. (2008).
Recreational values of the natural environment in relation to neighbourhood
satisfaction, physical activity, obesity and wellbeing. J. Epidemiol. Commun.
Health 62:e2. doi: 10.1136/jech.2007.062414

Bradley, M. M., and Lang, P. J. (2007). The International Affective Digitized Sounds
(2nd Ediiton, IADS-2): Affective ratings of sounds and instruction manual.
Technical Report, University of Florida, Gainesville, FL, USA.

Cerwén, G., Pedersen, E., and Palsdéttir, A.-M. (2016). The role of soundscape in
nature-based rehabilitation: a patient perspective. Int. J. Environ. Res. Public
Health 13:1229. doi: 10.3390/ijerph13121229

Collado, S., Staats, H., Corraliza, J. A., and Hartig, T. (2017). “Restorative
environments and health” in International Handbooks of Quality-of-Life,
Handbook of Environmental Psychology and Quality of Life Research, eds G.
Fleury-Bahi, E. Pol, and O. Navarro (Cham: Springer International Publishing),
127-148. doi: 10.1007/978-3-319-31416-7_7

Conniff, A., and Craig, T. (2016). A methodological approach to understanding the
wellbeing and restorative benefits associated with greenspace. Urban Forestry
Urban Greening 19, 103-109. doi: 10.1016/j.ufug.2016.06.019

Curtin, S. (2009). Wildlife tourism: the intangible, psychological benefits

Tourism 12, 451-474.

(2014).
183-188.

and Kaplan, S. (2008). The
Psychol.  Sci. 19,

cognitive
1207-1212.

of human-wildlife encounters. Curr. Issues
doi: 10.1080/13683500903042857

De Coensel, B., and Botteldooren, D. (2006). The quiet rural soundscape and
how to characterize it. Acta Acustica United Acustica 92, 887-897. Available
online at: https://www.ingentaconnect.com/content/dav/aaua/2006/00000092/
00000006/art00006

Depledge, M. H., Stone, R. J., and Bird, W. J. (2011). Can natural and virtual
environments be used to promote improved human health and wellbeing?
Environ. Sci. Technol. 45, 4660-4665. doi: 10.1021/es103907m

Emfield, A. G, and Neider, M. B. (2014). Evaluating visual
and  auditory  contributions  to  the  cognitive  restoration

effect. Front. 5:548. doi:
00548

Erfanian, M., Mitchell, A. J, Kang, J., and Aletta, F. (2019). The
psychophysiological implications of soundscape: a systematic review of
empirical literature and a research agenda. Int. J. Environ. Res. Public Health
16:3533. doi: 10.3390/ijerph16193533

Ferraro, D. M., Miller, Z. D., Ferguson, L. A, Taff, B. D., Barber, J. R,, Newman,
P., et al. (2020). The phantom chorus: birdsong boosts human well-being in
protected areas. Proc. R. Soc. B 287:20201811. doi: 10.1098/rspb.2020.1811

Fisher, J. C., Irvine, K. B., Bicknell, J. E., Hayes, W. M., Fernandes, D.,
Mistry, J., et al. (2021). Perceived biodiversity, sound, naturalness and
safety enhance the restorative quality and wellbeing benefits of green
and blue space in a neotropical city. Sci. Total Environ. 755:143095.
doi: 10.1016/j.scitotenv.2020.143095

Francis, C. D., Newman, P., Taff, B. D., White, C., Monz, C. A., Levenhagen,
M., et al. (2017). Acoustic environments matter: synergistic benefits to
humans and ecological communities. J. Environ. Manage. 203, 245-254.
doi: 10.1016/j.jenvman.2017.07.041

Franco, L. S., Shanahan, D. F.,, and Fuller, R. A. (2017). A review of the benefits of
nature experiences: more than meets the eye. Int. J. Environ. Res. Public Health
14:864. doi: 10.3390/ijerph14080864

Franék, M., Rezny, L., Sefara, D., and Cabal, J. (2018). Effect of traffic noise and
relaxations sounds on pedestrian walking speed. Int. J. Environ. Res. Public
Health 15:752. doi: 10.3390/ijerph15040752

Fredrickson, L. M., and Anderson, D. H. (1997). A qualitative exploration of the
wilderness experience as a source of spiritual inspiration. J. Environ. Psychol.
19, 21-39. doi: 10.1006/jevp.1998.0110

Goel, N., and Etwaroo, G. R. (2006). Bright light, negative air ions
and auditory stimuli produce rapid mood changes in a student
population: a placebo-controlled study. Psychol. Med. 36, 1253-1263.
doi: 10.1017/S0033291706008002

Gould van Praag, C. D., Garfinkel, S. N., Sparasci, O., Mees, A., Philippides, A.
0., Ware, M., et al. (2017). Mind-wandering and alterations to default mode
network connectivity when listening to naturalistic versus artificial sounds. Sci.
Rep. 7:45273. doi: 10.1038/srep45273

Grahn, P., and Stigsdotter, U. K. (2003). Landscape planning and stress. Urban
Forestry Urban Greening 2, 1-18. doi: 10.1078/1618-8667-00019

Haga, A., Halin, N., Holmgren, M., and Sorqvist, P. (2016). Psychological
restoration can depend on stimulus-source attribution: a challenge for the
evolutionary account? Front. Psychol. 7:1831. doi: 10.3389/fpsyg.2016.01831

Hartig, T., Evans, G. W., Jamner, L. D., Davis, D. S., and Gérling, T. (2003).
Tracking restoration in natural and urban field settings. J. Environ. Psychol. 23,
109-123. doi: 10.1016/S0272-4944(02)00109-3

Hartig, T., Mitchell, R, de Vries, S, and Frumkin, H.
Nature and health. Ann. Rev. Public Health 35,
doi: 10.1146/annurev-publhealth-032013-182443

Hedblom, M., Gunnarsson, B., Schaefer, M., Knez, I., Thorsson, P., and
Lundstrom, J. N. (2019). Sounds of nature in the city: no evidence of bird
song improving stress recovery. Int. J. Environ. Res. Public Health 16:1390.
doi: 10.3390/ijerph16081390

Hedblom, M., Heyman, E., Antonsson, H., and Gunnarsson, B. (2014). Bird
song diversity influences young people’s appreciation of urban landscapes.
Urban Forestry Urban Greening 13, 469-474. doi: 10.1016/j.ufug.2014.
04.002

Hedblom, M., Knez, I, Ode Sang, A., and Gunnarsson, B. (2017). Evaluation
of natural sounds in urban greenery: potential impact for urban nature
preservation. R. Soc. Open Sci. 4:170037. doi: 10.1098/rs0s.170037

Hume, K., and Ahtamad, M. (2013). Physiological responses to and
subjective estimates of soundscape elements. Appl. Acoust. 74, 275-281.
doi: 10.1016/j.apacoust.2011.10.009

International Organization for Standardization (2014). Acoustics - Soundscape -
Part 1: Definition and Conceptual Framework (ISO 12913-1: 2014). Available
online at: https://www.iso.org/standard/52161.html (accessed March 01, 2021).

Iyendo, T. O. (2016). Exploring the effect of sound and music on health
in hospital settings: a narrative review. Int. J. Nurs. Stud. 63, 82-100.
doi: 10.1016/j.ijnurstu.2016.08.008

Jahncke, H., Eriksson, K., and Naula, S. (2015). The effects of auditive and
visual settings on perceived restoration likelihood. Noise Health 17, 1-10.
doi: 10.4103/1463-1741.149559

Psychol. 10.3389/fpsyg.2014.

(2014).
207-228.

Frontiers in Psychology | www.frontiersin.org

April 2021 | Volume 12 | Article 570563


https://doi.org/10.18666/JPRA-2016-V34-I3-6893
https://doi.org/10.3390/ijerph16244988
https://doi.org/10.3390/ijerph15112392
https://doi.org/10.3390/ijerph7031036
https://doi.org/10.1177/0013916583155001
https://doi.org/10.3390/ijerph10041439
https://doi.org/10.1016/j.physbeh.2013.05.023
https://doi.org/10.1016/j.healthplace.2019.102271
https://doi.org/10.1177/2514848619835720
https://doi.org/10.1080/14649365.2019.1667018
https://doi.org/10.1089/eco.2014.0028
https://doi.org/10.1111/j.1467-9280.2008.02225.x
https://doi.org/10.1136/jech.2007.062414
https://doi.org/10.3390/ijerph13121229
https://doi.org/10.1007/978-3-319-31416-7_7
https://doi.org/10.1016/j.ufug.2016.06.019
https://doi.org/10.1080/13683500903042857
https://www.ingentaconnect.com/content/dav/aaua/2006/00000092/00000006/art00006
https://www.ingentaconnect.com/content/dav/aaua/2006/00000092/00000006/art00006
https://doi.org/10.1021/es103907m
https://doi.org/10.3389/fpsyg.2014.00548
https://doi.org/10.3390/ijerph16193533
https://doi.org/10.1098/rspb.2020.1811
https://doi.org/10.1016/j.scitotenv.2020.143095
https://doi.org/10.1016/j.jenvman.2017.07.041
https://doi.org/10.3390/ijerph14080864
https://doi.org/10.3390/ijerph15040752
https://doi.org/10.1006/jevp.1998.0110
https://doi.org/10.1017/S0033291706008002
https://doi.org/10.1038/srep45273
https://doi.org/10.1078/1618-8667-00019
https://doi.org/10.3389/fpsyg.2016.01831
https://doi.org/10.1016/S0272-4944(02)00109-3
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.3390/ijerph16081390
https://doi.org/10.1016/j.ufug.2014.04.002
https://doi.org/10.1098/rsos.170037
https://doi.org/10.1016/j.apacoust.2011.10.009
https://www.iso.org/standard/52161.html
https://doi.org/10.1016/j.ijnurstu.2016.08.008
https://doi.org/10.4103/1463-1741.149559
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Ratcliffe

Sound and Soundscape in Restorative Natural Environments

Jahncke, H., Hygge, S., Halin, N., Green, A. M., and Dimberg, K. (2011). Open-
plan office noise: cognitive performance and restoration. J. Environ. Psychol.
31, 373-382. doi: 10.1016/j.jenvp.2011.07.002

Jo, H., Song, C., Ikei, H., Enomoto, S., Kobayashi, H., and Miyazaki, Y. (2019).
Physiological and psychological effects of forest and urban sounds using
high-resolution sound sources. Int. J. Environ. Res. Public Health 16:2649.
doi: 10.3390/ijerph16152649

Joye, Y., and van den Berg, A. (2011). Is love for green in our genes? A critical
analysis of evolutionary assumptions in restorative environments research.
Urban Forestry Urban Greening 10, 261-268. doi: 10.1016/j.ufug.2011.07.004

Kaplan, R., and Kaplan, S. (1989). The Experience of Nature: A Psychological
Perspective. New York, NY: Cambridge University Press.

Kaplan, S. (1995). The benefits of nature:
an  integrative framework. J. Psychol. 15,
doi: 10.1016/0272-4944(95)90001-2

Kariel, H. G. (1980). Mountaineers and the general public: a comparison of their
evaluation of sounds in a recreational environment. Leis. Sci. 3, 155-167.
doi: 10.1080/01490408009512932

Kjellgren, A., and Buhrkall, H. (2010). A comparison of the restorative effect of a
natural environment with that of a simulated natural environment. J. Environ.
Psychol. 30, 464-472. doi: 10.1016/j.jenvp.2010.01.011

Kryzwicka, P., and Byrka, K. (2017). qualities
preference for natural and urban soundscapes. Front. Psychol. 8:1705.
doi: 10.3389/fpsyg.2017.01705

Largo-Wight, E., O’'Hara, B. K., and Chen, W. W. (2016). The efficacy of a brief
nature sound intervention on muscle tension, pulse rate, and self-reported
stress: nature contact micro-break in an office or waiting room. Health Environ.
Res. Design J. 10, 45-51. doi: 10.1177/1937586715619741

Li, Z., and Kang, J. (2019). Sensitivity analysis of changes in human physiological
indicators observed in soundscapes. Landsc. Urban Plan. 190:103593.
doi: 10.1016/j.landurbplan.2019.103593

Ma, H,, and Shu, S. (2018). An experimental study: the restorative effect of
soundscape elements in a simulated open-plan office. Acta Acustica United
Acust. 104, 106-115. doi: 10.3813/AAA.919150

Mace, B. L., Bell, P. A., and Loomis, R. J. (2004). Visibility and natural quiet
in national parks and wilderness areas: psychological considerations. Environ.
Behav. 36, 5-31. doi: 10.1177/0013916503254747

McDermott, J. H. (2012). “Auditory preferences and aesthetics: music, voices, and
everyday sounds,” in The Neuroscience of Preference and Choice: Cognitive and
Neural Mechanisms, eds R. J. Dolan, and T. Sharot (London: Academic Press),
227-256. doi: 10.1016/B978-0-12-381431-9.00020-6

Medvedev, O., Shepherd, D., and Hautus, M. J. (2015). The restorative potential
of soundscapes: a physiological investigation. Appl. Acoust. 96, 20-26.
doi: 10.1016/j.apacoust.2015.03.004

Modelmog, I. (2002). ‘Nature’ as a promise of happiness: farmers wives
in the area of Ammerland, Germany. Sociol. Ruralis 38, 109-122.
doi: 10.1111/1467-9523.00066

Nicolosi, V., Wilson, J., Yoshino, A., and Viren, P. (2020). The restorative
potential of coastal walks and implications of sound. J. Leis. Res. 52, 41-61.
doi: 10.1080/00222216.2020.1741329

Payne, S. R. (2008). Are perceived soundscapes within urban parks restorative?
Proc. Acoust. 2008, 5521-5526. doi: 10.1121/1.2935525

Payne, S. R. (2013). The production of a perceived restorativeness
soundscape scale. Appl. Acoust. 74, 255-263. doi: 10.1016/j.apacoust.2011.
11.005

Pereira, E., Queiroz, C., Pereira, H. M., and Vicente, L. (2005). Ecosystem services
and human well-being: a participatory study in a mountain community in
Portugal. Ecol. Soc. 10, 14-36. doi: 10.5751/ES-01353-100214

Pheasant, R., Horoshenkov, K., Watts, G., and Barrett, B. (2008). The acoustic and
visual factors influencing the construction of tranquil space in urban and rural
environments tranquil spaces-quiet places? J. Acoust. Soc. Am. 123, 1446-1457.
doi: 10.1121/1.2831735

Qiu, M., Sha, J., and Utomo, S. (2021). Listening to forests: comparing the
perceived restorative characteristics of natural soundscapes before and after the
COVID-19 pandemic. Sustainability 13:293. doi: 10.3390/su13010293

Ratcliffe, E. (2015). Restorative perceptions and outcomes associated with listening
to birds (Doctoral thesis). University of Surrey, Guildford, United Kingdom.
Available online at: http://epubs.surrey.ac.uk/808249/ (accessed March 01,
2021).

toward
169-182.

restorative
Environ.

Restorative of and

Ratcliffe, E., Gatersleben, B., and Sowden, P. T. (2013). Bird sounds and their
contributions to perceived attention restoration and stress recovery. J. Environ.
Psychol. 36, 221-228. doi: 10.1016/j.jenvp.2013.08.004

Ratcliffe, E., Gatersleben, B., and Sowden, P. T. (2016). Associations with bird
sounds: how do they relate to perceived restorative potential? J. Environ.
Psychol. 47, 136-144. doi: 10.1016/j.jenvp.2016.05.009

Ratcliffe, E., Gatersleben, B., and Sowden, P. T. (2020). Predicting the perceived
restorative potential of bird sounds: the roles of acoustics and aesthetics.
Environ. Behav. 52, 371-400. doi: 10.1177/0013916518806952

Schebella, M. F., Weber, D., Schultz, L., and Weinstein, P. (2020). The
nature of reality: human stress recovery during exposure to biodiverse,
multisensory virtual environments. Int. . Environ. Res. Public Health 17:56.
doi: 10.3390/ijerph17010056

Schertz, K. E., and Berman, M. G. (2019). Understanding nature and its cognitive
benefits. Curr. Dir. Psychol. Sci. 28, 496-502. doi: 10.1177/0963721419854100

Shaw, B., Coyle, A., Gatersleben, B., and Ungar, S. (2015). Exploring nature
experiences of people with visual impairments. Psyecology 6, 287-327.
doi: 10.1080/21711976.2015.1026086

Shu, S., and Ma, H. (2019). Restorative effects of classroom soundscapes on
children’s cognitive performance. Int. J. Environ. Res. Public Health 16:293.
doi: 10.3390/ijerph16020293

Sona, B., Dietl, E., and Steidle, A. (2019). Recovery in sensory-enriched
break environments: integrating sound and scent into
simulated indoor and outdoor environments. Ergonomics 62, 521-536.
doi: 10.1080/00140139.2018.1491643

Stigsdotter, U. K., Corazon, S. S., Sidenius, U., Refshauge, A. D., and Grahn, P.
(2017). Forest design for mental health promotion—using perceived sensory
dimensions to elicit restorative responses. Landsc. Urban Plan. 160, 1-15.
doi: 10.1016/j.landurbplan.2016.11.012

Ulrich, R. S. (1983). “Aesthetic and affective response to natural environment,” in
Human Behavior and Environment, eds 1. Altman, and J. F. Wohlwill (New
York, NY: Plenum Press), 85-125. doi: 10.1007/978-1-4613-3539-9_4

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., and Zelson, M.
(1991). Stress recovery during exposure to natural and urban environments. J.
Environ. Psychol. 11, 201-230. doi: 10.1016/50272-4944(05)80184-7

van den Berg, A. E., Koole, S. L., and van der Wulp, N. Y. (2003). Environmental
preference and restoration: (how) are they related? J. Environ. Psychol. 23,
135-146. doi: 10.1016/S0272-4944(02)00111-1

Van Hedger, S. C., Nusbaum, H. C., Clohisy, L., Jaeggi, S. M., Buschkuehl, M.,
and Berman, M. G. (2019a). Of cricket chirps and car horns: the effect of
nature sounds on cognitive performance. Psychon. Bull. Rev. 26, 522-530.
doi: 10.3758/513423-018-1539-1

Van Hedger, S. C., Nusbaum, H. C., Heald, S. L. M., Huang, A., Kotabe, H. P., and
Berman, M. B. (2019b). The aesthetic preference for nature sounds depends on
sound object recognition. Cogn. Sci. 43:e12734. doi: 10.1111/cogs.12734

Zhang, Y., Kang, J., and Kang, J. (2017). Effects of soundscape on the
environmental restoration in urban natural environments. Noise Health 19,
65-72. doi: 10.4103/nah.NAH_73_16

Zhao, Y., Li, H,, Zhu, X., and Ge, T. (2020). Effect of birdsong soundscape on
perceived restorativeness in an urban park. Int. J. Environ. Res. Public Health
17:5659. doi: 10.3390/ijerph17165659

Zhao, Y., Xu, W.,, and Ye, L. (2018). Effects of auditory-visual combinations
on perceived restorative potential of urban green space. Appl. Acoust. 141,
169-177. doi: 10.1016/j.apacoust.2018.07.001

Zhu, X., Gao, M., Zhao, W., and Ge, T. (2020). Does the presence of birdsongs
improve perceived levels of mental restoration from park use? Experiments on
parkways of Harbin Sun Island in China. Int. J. Environ. Res. Public Health
17:2271. doi: 10.3390/ijerph17072271

vision,

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ratcliffe. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

April 2021 | Volume 12 | Article 570563


https://doi.org/10.1016/j.jenvp.2011.07.002
https://doi.org/10.3390/ijerph16152649
https://doi.org/10.1016/j.ufug.2011.07.004
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.1080/01490408009512932
https://doi.org/10.1016/j.jenvp.2010.01.011
https://doi.org/10.3389/fpsyg.2017.01705
https://doi.org/10.1177/1937586715619741
https://doi.org/10.1016/j.landurbplan.2019.103593
https://doi.org/10.3813/AAA.919150
https://doi.org/10.1177/0013916503254747
https://doi.org/10.1016/B978-0-12-381431-9.00020-6
https://doi.org/10.1016/j.apacoust.2015.03.004
https://doi.org/10.1111/1467-9523.00066
https://doi.org/10.1080/00222216.2020.1741329
https://doi.org/10.1121/1.2935525
https://doi.org/10.1016/j.apacoust.2011.11.005
https://doi.org/10.5751/ES-01353-100214
https://doi.org/10.1121/1.2831735
https://doi.org/10.3390/su13010293
http://epubs.surrey.ac.uk/808249/
https://doi.org/10.1016/j.jenvp.2013.08.004
https://doi.org/10.1016/j.jenvp.2016.05.009
https://doi.org/10.1177/0013916518806952
https://doi.org/10.3390/ijerph17010056
https://doi.org/10.1177/0963721419854100
https://doi.org/10.1080/21711976.2015.1026086
https://doi.org/10.3390/ijerph16020293
https://doi.org/10.1080/00140139.2018.1491643
https://doi.org/10.1016/j.landurbplan.2016.11.012
https://doi.org/10.1007/978-1-4613-3539-9_4
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/S0272-4944(02)00111-1
https://doi.org/10.3758/s13423-018-1539-1
https://doi.org/10.1111/cogs.12734
https://doi.org/10.4103/nah.NAH_73_16
https://doi.org/10.3390/ijerph17165659
https://doi.org/10.1016/j.apacoust.2018.07.001
https://doi.org/10.3390/ijerph17072271
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Sound and Soundscape in Restorative Natural Environments: A Narrative Literature Review
	Introduction
	Sounds Are Important for Environmental Experiences of Nature
	Appraisals of Nature Sounds as Pleasant, Relaxing, aAnd Potentially Restorative
	Qualitative Approaches to Appraisals of Natural Sounds
	Quantitative Approaches to Appraisals of Natural Sounds
	Not All Sounds in Nature Are Perceived as Pleasant

	Nature Sounds Can Lead to Restorative Outcomes
	Subjectively Measured Restoration
	Objectively Measured Restoration

	Theoretical Approaches to Sounds and Restoration
	Associations With Nature: a New Avenue for Theoretical Development?
	Discussion and Conclusions
	Author Contributions
	Acknowledgments
	References


