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ABSTRACT
This work addresses the call for integrative approaches to sound-
scape research that facilitate interdisciplinary advances,
through enhancements to the 2018 International Organization for
Standardization “Taxonomy of the Acoustic Environment for
Soundscape Studies”, included in ISO12913-2 for soundscape data col-
lection and reporting. Specifically, it strengthens natural sound sour-
ces and type considerations, enabling integrated approaches across
urban and natural contexts. Building on the premise that what peo-
ple experience in one context (e.g., home; work), they bring into
other contexts [e.g., protected areas (PA)], two-phased survey
research contrasted Chilean PA visitors’ perceptions of Coyhaique
National Reserve acoustic environments with prevalent sounds at
home and work (n¼ 333). The paper’s proposed taxonomy enhance-
ments may enable integration of PA perceptual soundscape research
with research from other disciplines/contexts, facilitating better
understanding of visitor perceptions that can lead to better informed
soundscapes programming and monitoring, and improved Healthy
Park, Healthy People outcomes.
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Introduction

The global Healthy Parks Healthy People (HPHP) movement emphasizes the import-
ance of reconnecting people living in urban environments with nature through integra-
tive practices that strengthen their health and wellbeing, and their support for parks,
protected areas (PAs), and the ecosystems they protect (Franco, Shanahan, and Fuller
2017; Taff et al. 2019). PA soundscape research has validated that healthy natural
soundscapes can contribute to the HPHP dynamic. They shape visitor perceptions of
landscapes, attitudes toward soundscape management, and contribute to the human-
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nature interplay, meaning both visitors and natural ecosystems benefit when natural
soundscapes are conserved (Benfield et al. 2010; Benfield et al. 2014; Ednie et al. 2022;
Francis et al. 2017). Nevertheless, we know little about how PA visitors experience
sounds and noise outside of the PA context.
Soundscape research that considers visitors’ acoustic experiences and perceptions in a

range of typical contexts within daily life may help improve HPHP initiatives and
extend their benefits. Common sense tells us that people will experience natural sounds
much more frequently within parks, and anthropogenic (i.e., human-caused) sounds
much more frequently at home and work. However, PA research has just begun to con-
sider visitor perceptions across various contexts, examining how soundscapes are per-
ceived by individuals in different demographic contexts and whether sound
attentiveness varies by context (Ednie and Gale 2021; Gale, Ednie, and Beeftink 2021a).
Axelsson, Guastavino, and Payne (2019) recognized the need for a more holistic under-
standing of peoples’ acoustic experiences, calling for tools and models that integrate a
wider range of soundscape and participant contexts to facilitate better transferability of
findings between contexts. The International Organization for Standardization (ISO)
(2018) technical specifications (ISO/TS 12913-2 2018) recommended a Taxonomy of the
Acoustic Environment for Soundscape Studies (ISO/TS taxonomy) for this purpose; but it
has not yet been applied within a PA context.
This research builds on existing PA soundscape HPHP research and responds to

increasing calls for research integration across acoustic contexts (Axelsson, Guastavino,
and Payne 2019; Ednie and Gale 2021; Gale, Ednie, and Beeftink 2021b; Kogan et al.
2017). We explore the sounds and noises that participants remember from a range of
their commonly experienced environments to better understand how “nature” manifests
through sound within their daily lives. Also, we employ the recently developed ISO/TS
taxonomy to evaluate its potential to facilitate better transferability of findings between
contexts. We are particularly interested in better understanding where and how PA visi-
tors experience natural sounds across experienced environments, as we believe a richer
understanding of this phenomenon can inform future HPHP research and practice,
both within and beyond park boundaries. Research questions (RQ) included:

� RQ1: How do sound sources and types manifest within the PA, home, and
work contexts?

� RQ2: How does the ISO/TS taxonomy fit as a tool to document the range of
sounds representative of a healthy natural soundscape?

Literature Review

HPHP and Healthy Soundscapes

Recent research validates that soundscape environments can contribute to HPHP bene-
fits. For “healthy parks”, soundscape research has shown pertinence for monitoring bio-
diversity (Rajan et al. 2019) and species health (Alvarez-Berr�ıos et al. 2016; Farina et al.
2011; Randler 2006). For example, soundscape research has examined the effects of
noise on species behavior (Randler 2006), species richness (Alvarez-Berr�ıos et al. 2016),
and habitat modification (Farina et al. 2011). For “healthy people”, natural sounds have
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been found to support physiological, emotional, and cognitive benefits; including stress
recovery capacity, stress relief, cognitive attention restoration, and decreased anxiety
and agitation (Benfield et al. 2014; Ferraro et al. 2020; Franco, Shanahan, and Fuller
2017). Francis et al. (2017) focused on the interrelation between “healthy parks” and
“healthy people”, and how soundscapes provide synergistic benefits for both. Their
paper posed that, “soundscapes link human experiences and valuation of nature and
ecological systems” (Francis et al. 2017, 251), describing that positive natural sound-
scape experiences improve soundscape appreciation, attitudes, and engagement in pro-
environmental behaviors, while degraded natural soundscapes lead to a downward cycle
of negative experiences and less support. Some recent studies support this argument.
For example, authors have found that natural sounds increase people’s connection with
nature (Levenhagen et al. 2020), and noise has been found to be a detractor in peoples’
PA experiences (Liu et al. 2019; Pilcher, Newman, and Manning 2009; Rice et al. 2020).

Integrating Soundscape Research across Contexts

While most HPHP soundscape research has focused on the PA visitor experience con-
text (Ednie et al. 2022; Ferraro et al. 2020; Miller et al. 2020: Pilcher, Newman, and
Manning 2009; Rice et al. 2020), recent research demonstrates the importance of con-
sidering peoples’ experiences and soundscape perceptions more holistically by integrat-
ing their acoustic experiences with other contexts, including home and work (Ednie and
Gale 2021; Gale, Ednie, and Beeftink 2021a; Kogan et al. 2017). For example, comparing
soundscape perceptions and affect within varied environmental contexts helped Gale,
Ednie, and Beeftink (2021a) explain how urban dwellers experience natural sounds
within a PA. Their results indicated that urban visitors found respite in PA natural
soundscapes, experiencing them as both unfamiliar and eventful (lively, dynamic, and
messy), as compared to home and work. Ednie and Gale (2021) identified complacency
toward anthrophony in natural settings, perhaps as place connectedness grows. Their
research, about the sounds heard within the natural places with which participants felt
most connected, found that those who observed more anthropogenic sounds within
these areas perceived those anthropogenic sounds as being more acceptable, in compari-
son to participants with fewer anthropogenic sound observations. Kogan et al. (2017)
attributed urban soundscape perceptions to a mix of three converging conceptual
realms: (1) acoustic environment; (2) extra-acoustic environment; and (3) their experi-
enced environment, which is influenced in part by inherent factors, including socio-
demographic profiles, psychological factors, and the acoustic conditions that listeners
are accustomed to and/or prefer.
Growing recognition of the need for research integration across different acoustic

contexts has led to the development of international standards for soundscapes research
that set a foundation for interdisciplinary work (International Organization for
Standardization (ISO) 2014, 2018, 2019). The International Organization for
Standardization Technical Specification ISO/TS 12913-1 (2014) defined soundscapes as
a perceptual construct through which humans make meaning of the physical phenom-
ena of an acoustic environment. The International Organization for Standardization
Technical Specification ISO/TS 12913-2 (2018) provided technical specifications for
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soundscape research data collection and reporting. It included the ISO/TS taxonomy, a
common classification taxonomy for any acoustic environment, based on place types,
sound source types, and sound sources. The International Organization for
Standardization Technical Specification ISO/TS 12913-3 (2019) provided guidance on
data analysis and reporting specifications for the 2018 data collection protocol. While
ISO/TS 12913-2 (2018) specified that full-feature soundscape studies must integrate per-
ceptual research and binaural measurements, Aletta et al. (2019) acknowledged that a
wide range of other methodological approaches would need to be considered in future
revisions to expand disciplinary scope.

Overarching Sound Categories from Soundscape Ecology: biophony, Geophony,
and Anthrophony

While the ISO/TS Taxonomy top-level divisions focus on whether sounds are
“generated by human activity/facility”, the majority of PA research has employed sound-
scape ecologists’ three overarching categories of sounds meant to encapsulate all poten-
tial sounds in a given environment: geophony, biophony, and anthrophony (e.g., Benfield
et al. 2010; Gale et al. 2021; Rice et al. 2020). Krause (1987, 2008) first introduced these
terms, describing geophony as encompassing the sounds of the Earth and its processes
(e.g., wind, water flow, thunder), independent of individual creatures. Krause (2008)
separated humans from the rest of living things, describing biophony in the context of
an orchestra of animals. Joo, Gage, and Kasten (2011, 260) described anthrophony as
“any acoustic signal created by human activities such as musical performance, oral con-
versation, or mechanical sounds caused by the operation of machinery and
automobiles”.
Distinguishing biophony from geophony is a useful strategy for research conducted

in PAs with a focus on measuring soundscapes to monitor biodiversity and species
composition within habitats. Biophonic sounds tend to represent the biodiversity PA
managers intend to protect. Although geophonic sounds have been less of a focus of
indicator-based research as part of PA management/monitoring studies, numerous con-
nections between geophony and climate may predicate an increasingly important role in
soundscape research as climate change becomes more of a focus. There is some ques-
tion whether domestic animal sounds should be included in the category of biophony
or within anthrophony. In some recent urban soundscape studies, dogs barking is
included as a biological sound, within the larger category of natural sounds (e.g., Liu
et al. 2019); however, other recent research focused on rural environments examines
livestock sounds (including dogs) as a separate category from natural sounds (e.g., Ren
et al. 2018).

Materials and Methods

In their work toward standardizing soundscape descriptors, Aletta, Kang, and Axelsson
(2016, 8) discussed approaches to collecting soundscape data, noting that on-site data
collection “provides for the most realistic representation of the external world, and is
associated with high ecological validity”. Nevertheless, they acknowledge that having
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participants recall an environment in memory is appropriate when working with partici-
pants who are familiar with the investigated soundscapes, particularly when the purpose
of the research is to understand the dynamics within environments where participants
have high levels of familiarity. As such, this research combined data collected during in-
person intercept visitor surveys realized in the Coyhaique National Reserve (CNR) with
data collected from a subsample of those same participants, using a follow-up online
survey about their home and work settings.

Study Setting

Chile is one of the most urban countries in South America (Gale, Ednie, and Beeftink
2021a), and is one of only 28 countries or areas of the world where 40% or more of the
urban population are situated within a single city, Santiago. The CNR is located
approximately 1,650 km south of Santiago, in the Ays�en Region of Chilean Patagonia,
5 km from the regional capital of Coyhaique. It was chosen as the natural PA setting
within this study for several reasons. First, the CNR has been experiencing high national
tourism visitation growth over the last decade, as access and affordability to the region
has improved (Gale, Adiego, and Ednie 2018). Second, the CNR offered an interesting
spectrum of physical and acoustic settings that served the study objectives. Within the
6,531-acre reserve, visitors can experience several natural attributes typical of Chilean
Patagonia, including mature native forest groves, areas of second growth and of pine
plantations, and a range of natural features, including summits, marshlands, and
lagoons (Gale, Adiego, and Ednie 2018; Gale et al. 2021). Yet, some sites are far from
pristine and dominated by open fields and non-native reforestation stands. Key activities
include picnics, group events, and short hikes (Gale, Adiego, and Ednie 2018). The
proximity of the CNR to Coyhaique means that visitors are likely to encounter some
city-related sounds during their visit.

Study Design

The first phase of data collection (in-person surveys within the CNR) took place
between January 14 and March 17, 2019. Project approval was obtained from the
Chilean National Forestry Corporation (CONAF), which administers Chile’s National
System of Natural PAs, and IRB approval was granted by a partnering U.S. midwestern
university. The target population included CNR visitors over the age of 18. Data was
collected at eight sampling points within the CNR, chosen to represent a variety of nat-
ural settings and soundscapes. During the data collection periods, all visitors encoun-
tered at the sampling points were intercepted, apart from repeat visitors and large
groups. During 63 days of sampling, 1,108 visitors were intercepted, and 899 respond-
ents completed the survey resulting in an 81.1% response rate. This paper reports on
two components of this in-person survey: (1) basic visit and demographic information;
and (2) visitor observations of the three most prominent sounds they heard during a
two-minute listening activity, where participants listed the most prominent sounds
they recalled.
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Participants were invited to provide their emails if interested in completing a follow-
up web-based survey, and 810 volunteered. “The online survey was initiated in May
2019 with an initial email message followed by up to five reminders stacked 3–5 days
apart to maximize participation (Dillman, Smyth, and Christian 2014).” The contact
emails contained a unique link associated with each participant, which led them to a
Qualtrics survey, developed in both English and Spanish. To complete the survey, par-
ticipants were required to provide informed consent. Collected responses totaled 389,
which after 30 unusable addresses were removed, represented a 49.9% response rate.
This study reports solely on Chilean residents, which represented 85.6% (n¼ 333) of
respondents. Two sections of the follow-up email survey are included: (1) demograph-
ics, details about the participants’ home and work environments, and time spent in
acoustic contexts; and (2) prominent sounds heard at home and work. The prominent
sounds were collected in open-ended question format, where participants listed the
three most prominent sounds they recalled for each context (home, work).

Data Analysis

We sought an approach that could integrate contextual sound sources across the three
categories of place in our study (home, work, CNR), combining deductive and inductive
coding methods that permitted the integration of data- and theory-driven codes
(Fereday and Muir-Cochrane 2006). All coding processes were completed in the same
manner for data pertaining to home, work, and the CNR contexts. First, open coding
was employed, compiling, and inductively sorting the open-ended responses into a dic-
tionary of sound source codes and their meanings (Elliott and Timulak 2005; Williams
and Moser 2019). Then, to respond to the first research question, we employed deduct-
ive coding, with the ISO/TS taxonomy serving as our codebook, with its classification
based on place types, sound types, and sound sources (Brown, Kang, and Gjestland
2011; Brown et al. 2017; International Organization for Standardization (ISO) 2018).
The second research question addressed the breadth of open codes related to the natural
sounds that emerged within the CNR. This range of natural sounds exceeded the ISO/
TS taxonomy. Therefore, to achieve axial and selective coding for natural sounds across
the contexts, we extended the ISO/TS taxonomy, enhancing it with overarching geo-
phony, biophony, anthrophony themes from soundscape ecology (Elliott and Timulak
2005; Williams and Moser 2019). Chi-square tests for independence (X2 and z; with
p¼ 0.05) found relationships between demographic groups (gender, age, city popula-
tion), based on sound type perceptions. Cramer’s V was used to evaluate the effect size
of relationships between variables (Vacha-Haase and Thompson 2004).

Results

Gender representation was relatively equal within the study sample (52.4% female;
47.6% male). Most participants (73.8%) were between 18 and 35 years of age, and only
4.2% were 56 or more years of age. Nearly all (96.4%) lived within single-family homes
(69.3%) and worked in office settings (69.1%), in urban areas ranging from cities to the
metropolis of Santiago. Participants reported spending approximately the same amount
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of time at their home and work contexts, which together represented more than 70% of
their total time; and approximately 16.5% of their total time in nature.

RQ1 – How Did Sound Sources and Types Manifest within the PA, Home, and
Work Contexts?

RQ1 results employ the ISO/TS taxonomy’s top-level sound types, “sounds generated by
human activity/facility” (“HS”), and “sounds NOT generated by human activity/facility”
(“NHS”). Chi-squared tests for independence provided a sense of whether overall sound
perceptions (without looking between the home, work, and CNR contexts), varied based
on demographics. No significant differences were identified in the proportion of “HS”
and “NHS” perceived between female and male participants [X2(1) ¼ 0.14, p¼ 0.71,
V¼ 0.01], or between age categories [X2(4) ¼ 3.51, p¼ 0.48, V¼ 0.05]. A significant
relationship was identified for city population [X2(3) ¼ 42.70, p< 0.001, V¼ 0.13],
where z tests identified higher proportions of “NHS” perceptions among participants
from towns and major cities, and larger proportions of “HS” reported by participants
within metropolis areas.
Table 1 depicts the most prevalent sound types perceived by participants for the

three contexts (home, work, CNR). Chi-square tests were completed to identify rela-
tionships in the proportion of “HS” and “NHS” between the contexts. “NHS” repre-
sented a significantly greater proportion of sound observations within the CNR
(90.70%) as compared to home and work, and a significantly greater proportion of
sound observations within the home context (41.60%), as compared to the work
context (13.80%).
Separate chi-square tests for each of the three contexts were completed to identify

relationships in the proportion of “HS” and “NHS” based on gender, age, and city
population. No significant differences were found between female and male participants
across CNR [X2(1) ¼ 2.84, p¼ 0.09, V¼ 0.06], home [X2(1) ¼ 0.001, p¼ 0.97,
V¼ 0.001], or work [X2(1) ¼ 0.63, p¼ 0.43, V¼ 0.03] contexts; however, relationships
were found between age categories and city populations (Figure 1). For age, there were
no significant differences for “HS” or “NHS” within the CNR [X2(4) ¼ 0.81, p¼ 0.94,
V¼ 0.03], but differences were found within the home (z tests identified differences
between cells but the chi-square model was not significant [X2(4) ¼ 7.14, p¼ 0.13,
V¼ 0.09], and work contexts [X2(4) ¼ 18.01, p¼ 0.001, V¼ 0.17]. At home, participants
18–25 years of age perceived more “HS” as compared with those 36–45 years of age. At
work, participants 26–35 years of age heard more “HS” than all other age groups, and
those 56þ years of age perceived fewer “HS” than all other groups.
For city population, no significant differences were found for male and female partici-

pant perceptions of “HS” or “NHS” within the CNR [X2(2) ¼ 4.26, p¼ 0.12, V¼ 0.07],
home [X2(2) ¼ 4.26, p¼ 0.12, V¼ 0.07], or work [X2(2) ¼ 0.67, p¼ 0.72, V¼ 0.03] con-
texts. Within the CNR, participants from metropolis areas perceived a greater propor-
tion of “HS” than participants from major cities; z tests identified differences between
cells but the chi-square model was not significant [X2(3) ¼ 6.25, p¼ 0.10, V¼ 0.08].
For both home and work contexts, participants from metropolises perceived a greater
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proportion of “HS” than participants from all other city sizes for home and work,
respectively [X2(3) ¼ 39.05, p< 0.001, V¼ 0.22; X2(3) ¼ 19.04, p � 0.001, V¼ 0.17].
Figure 2 employs the ISO/TS taxonomy to compare participant perceptions across

the three acoustic contexts. The breakdown between the “Nature” and “Domestic ani-
mals” sound types varied across the contexts, where the home context had a much
larger percentage of “Domestic animals” (16.9%), while the CNR had virtually none
(0.2%). Within the “Nature” sound type, perceptions of wildlife and wind sound sources
were similar at home (11.9% and 10.2%, respectively) and at work (4.1% and 4.8%,

Figure 1. Comparisons of sound types by city size and age across the CNR, home and work contexts.
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respectively); while for the CNR, wind and wildlife sounds comprised the majority of
sources (51.5% and 26.5%, respectively). Water sound sources were comparatively less
represented within all three contexts (CNR 12.5%; home 2.6%; work 1.4%).
“HS” represented the majority of prevalent sounds reported at work (86.2%), over

half of prevalent sounds at home (58.4%), and a low percentage at the CNR (9.3%).
The majority of work “HS” types were “Voice and instrument” (39.3%), “Electro-
mechanical” (21.4%), and “Motorized transport” (16.1%). The majority of home “HS”
types were “Motorized transport” (26.7%; roadway traffic was the main source), and
“Voice and instrument” (19.5%). In contrast, the majority of CNR “HS” types were
“Voice and instrument” (3.7%; mainly non-amplified speech) and “Human movement”
(1.8%), with “Motorized transport” contributing only 1.3%.

Figure 2. Representation of the ISO/TS 12913-2: 2018 Taxonomy of the Acoustic Environment for
Soundscape Studies (top) and analyses of the home, work, and CNR acoustic contexts (bottom).

10 T. GALE ET AL.



RQ2 – How Does the ISO/TS Taxonomy Fit as a Tool to Document the Range of
Sounds Representative of a Healthy Natural Soundscape?

The process of open coding sound perceptions within the CNR context identified 28
natural sound sources, as compared to the 5 natural sound sources within the ISO tax-
onomy. This range of natural sounds is extremely important for PA
managers to understand; thus, for the ISO/TS taxonomy to integrate PA soundscape
and participant contexts, enhancements seemed warranted. We chose to employ the
geophony, biophony, anthrophony structure from soundscape ecology to accomplish
this objective.
Moving to an organization of types around geophonic, biophonic, and anthrophonic

categories provoked reconsideration of some “NHS” sound types. For example, within
the ISO/TS taxonomy, “Domestic animals’’ were placed within “NHS”, separate from
other “Nature” sounds. This distinction, and natural soundscape conservation monitor-
ing objectives, prompted us to reclassify “Domestic animals’’ under “HS”/Anthrophonic
types. Domestic animals exist because of human activity/facility, and with respect to
PAs, their presence actually counters the purpose of protecting natural soundscapes.
Other “HS”/Anthrophonic reclassifications include wind (or rain) hitting clothing or
metal roofs within the CNR, and water sounds produced by fountains.
Figure 3 depicts the revised (“NHS”) geophony, biophony, anthrophony axial coding.

Within the CNR, several geophonic sounds emerged for “Wind” and “Water”; thus,
these ISO/TS taxonomy “Nature” sound sources were treated as sound types. “Forest”
emerged as a third sound type, which differed from the existing structure of the ISO/TS
taxonomy. “Wind” comprised the majority of perceived sounds within the CNR
(47.3%), with seven different sound sources reported (e.g., trees colliding and cracking;
leaves blowing; windgusts over water). “Water” comprised 12.5% of prevalent sounds,
with seven different sound sources (e.g., rain; moving water [rivers, streams]; waves
breaking). “Forest” represented a smaller percentage of perceived sounds (4.6%), but still
included four sound sources: forest/trees – general, trees falling (naturally); pinecones
and branches falling; leaves falling (naturally). Five CNR biophony sound types were
identified: “Birds”, “Invertebrates”, “Mammals”, “Fish”, and “Amphibians’’. “Birds”
sounds (general/specific group mentions; vocalizations; movements) were most prevalent
(21.1%), followed by “Insects’’ (5.1%, dispersed between insects general/groups; insect
vocalizations; insect movements). The “Mammals”, “Fish”, and “Amphibians” sound
types represented a combined total 0.4% of CNR perceived prevalent sounds. “Nature”
geophony sound types at home included “Forest” (0.8%), “Wind” (9.5%), and “Water”
(2.7%), and biophony was limited to “Birds” (11.9%). A total of nine sound sources
were identified within these types, as compared with the 28 total sound sources for
these types within the CNR. The same “Nature” sound types manifested at work,
although in all cases to a lesser degree (“Forest” 0.5%; “Wind” 4.3%; “Water” 1.4%;
“Birds” 4.1%), with a total of six sound sources.
Figure 4 represents a vision for how the taxonomy may be expanded based on our

study results, with a few added examples of common sound sources that were not iden-
tified in our study. For example, under the original ISO/TS earth/ice movement sound
source we have added a range of potential sounds to demonstrate our recommendation
that this also be treated as a sound type (“Earth/ice movement”). Considering the
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diversity of soundscapes represented within the World’s 265,000þ PAs (UNEP-WCMC
2021), we imagine that future applications of this taxonomy will continue to refine nat-
ural sound sources in parallel with future refinements of the anthrophonic sound types
and sources.
For example, while we could successfully classify all anthrophonic sound sources

within our study; greater methodological clarity is warranted. For example, should peo-
ple riding bicycles be classified as a non-motorized sound source under “Human move-
ment” or as a recreation sound source under “Electro-mechanical”? Also, some sound

Figure 3. Prevalent “Sounds not generated by human activity” sound types, sound sources, and per-
centages of total sounds perceived by participants in the home and work contexts.
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sources (e.g., computers and phones) within “Electro-mechanical” may depend on the
particular acoustic context. For example, within the home acoustic context, computer
and phone sounds were classified as domestic sound sources, while within the work
acoustic context they were classified as industrial. Furthermore, we relied on the other
human sound type to classify the sounds of a car door shutting, although we felt an
others sound source within the motorized transport sound type would have been clearer.

Discussion and Implications

How a More Robust Taxonomy Will Advance Soundscape Research

Results of this research, including the suggested enhancements to the ISO/TS taxonomy,
address the call for integrative approaches to soundscape research that facilitate interdis-
ciplinary advances, aligned with the standards of operation recommended within
ISO12913-2 (Aletta et al. 2019; Axelsson, Guastavino, and Payne 2019; Brown, Kang,
and Gjestland 2011; Brown et al. 2017; International Organization for Standardization
(ISO) 2018). As intended, the ISO/TS taxonomy (Figure 2) provided this research with
a common terminology for describing sound sources and types across the three acoustic
contexts of home, work, and the CNR, helping to outline the distinctiveness of each,
especially in terms of anthrophonic sound types and sources (International
Organization for Standardization (ISO) 2018). Comparing the taxonomies across con-
texts demonstrated anthrophonic sound source similarities and differences. For example,
although it was much less frequently listed as a prevalent sound within the CNR, road-
way traffic was within the top three prevalent sounds across the home, work, and CNR

Figure 4. Conceptual taxonomy, with core concepts of the ISO/TS taxonomy and additional natural
sound sources and potential clarifications, based on the current study.
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contexts. Non-amplified voice/speech were among the most prevalent sounds at work
and in the CNR, however, amplified voices (e.g., TV, street vendors, neighbors speaking
loudly through walls or outside) and amplified music were two of the three most
prevalent anthrophonic sound sources at home.
While some of the sound sources that emerged in our study were contextual to the

CNR and to Chilean culture in general, results demonstrated the plausibility of enrich-
ing the existing ISO/TS taxonomy as a mechanism for extended consideration of natural
sound types and sources. While the existing ISO/TS taxonomy was generally effective
for axial coding of “HS” sources, the enhanced taxonomy helped us gain perspective
about how sounds are perceived within different experienced environments and under-
stand how rich the natural sound experience within the CNR was for visitors.
Home offered the largest variety of anthropogenic sounds; work was concentrated in

a much narrower range of anthrophonic sounds (centered on human conversation and
industry), and the CNR was almost entirely related with nature. Within the home con-
text, participants in the youngest age category perceived the most human caused
sounds, and at work, young professionals (aged 26–35) perceived the most human
caused sounds. Given that existing research has suggested nuances in wilderness percep-
tions and values based on age (Rasch 2018), further research could explore potential
implications of generational differences in human-caused sound perceptions on
PA management.
Within all three contexts, participants residing in metropolis areas perceived more

human sounds as compared with those in smaller city sizes (but even large urban
areas). While wind and water sounds were perceived across all three contexts, sound
sources manifested with more richness, (i.e., sound diversity, variety), in the PA context.
The reverse occurred for “HS”; while also perceived across the three settings, sound
sources were much broader at home and work. Comparative study across contexts,
using the enhanced ISO/TS Taxonomy, helped us surface these tendencies with respect
to sound richness, which represent an interesting phenomenon that merits add-
itional research.
Soundscape richness is one of the core descriptors in natural systems acoustic

research and the basis for one of the most widely used indices, frequently used to
describe levels of acoustic diversity or variety (Borker et al. 2020; Desjonqu�eres et al.
2015). Nevertheless, richness has rarely been used as a term to characterize human per-
ceptions of soundscapes, and to our knowledge, has not been conceptually defined or
examined within the research. It seems likely that this variable is linked with the event-
fulness soundscape component identified by Axelsson, Nilsson, and Berglund (2010), in
their seminal research on perceived affective quality. High levels of natural sound rich-
ness may represent eventful soundscapes for visitors and may influence perceived affect-
ive quality for PA soundscapes (Gale, Ednie, and Beeftink 2021b). Perceived soundscape
richness may also influence conservation values. A recent study by Jia, Ma, and Kang
(2020), that took place in the Chinese city of Tianjin, described richness as one of five
dimensions found to be characteristic of urban soundscapes that participants perceived
were worthy of preservation. Here, soundscape richness was defined through two
semantic pairs of descriptors: simple-varied, and directional-universal, with higher rich-
ness scoring for soundscapes characterized by varied, universal sounds. Richness
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manifested within three types of urban soundscapes found worthy of preservation by
study participants: relaxing natural soundscapes (e.g., rustling leaves, river sounds),
vibrant natural soundscapes (e.g., birdsong, fountains), and traditional human sound-
scapes (e.g., traditional cultural street vendors). Future research to understand how rich-
ness manifests within natural soundscapes and how it relates with visitors’ conservation
values, could help move PA soundscape research forward; the conceptual taxonomy,
presented in Figure 4, seems a promising tool in this regard.
An enhanced ISO/TS taxonomy may also assist future research by highlighting ten-

dencies across contexts and settings. For example, study participants perceived a wide
range of anthrophonic and “Domestic animals” sound sources across their home and
work contexts, while in the CNR anthropogenic sounds spanned a more limited range
of the taxonomy. Not surprisingly, the reverse was observed with respect to perceptions
of “Nature”; however, the extent of this trend did not become visible until we enriched
the ISO/TS taxonomy by integrating the additional sources and the geophony, bio-
phony, anthrophony classifications (Figure 3). Of the 28 “Nature” sound sources per-
ceived within the CNR context; only nine were perceived as prevalent at home, and six
at work. Both geophonic and biophonic sound variety diminished from CNR to home
to work, with differing implications. In terms of geophonic sounds, within the CNR
participants perceived a much richer and complex array, noting high levels of detail.
Across their home and work contexts, this detail progressively disappeared, and only
general geophonic phenomena were perceived. Within the biophony class, sounds were
attributed to biodiversity across five animal sound types and a variety of sources within
those types. At home and work, biophony was limited only to bird sounds.
Separating out the sounds of “Domesticated animals” as being “NHS” generated by

human activity and facility and integrating the soundscape ecology concepts for sound
classification (biophony, geophony, anthrophony) with the existing ISO/TS taxonomy,
were both useful exercises. They allowed us to more clearly understand the “NHS” that
participants experienced, and better clarify the contexts in which they were heard.
While “Domesticated animals” comprised relatively small portions of the overall sounds
heard at work and within the CNR, they represented almost 17% of the sounds reported
at home. Some sounds of domestic pets, especially the barking of dogs, have well docu-
mented negative impacts on both humans and wildlife (e.g., Randler 2006; Gaunet,
Pari-Perrin, and Bernardin 2014). Focusing classification of these sounds within anthro-
phony, based on the logic that they are present because of human activities, and further
separating the remaining natural sounds according to geophony and biophony, helped
to clarify the home context in our study. Reclassifying “Domesticated animals” under
“HS”/anthrophony clarified that the levels of biophony related sounds at home were
around a third of those heard in the CNR and limited exclusively to birds.

Implications for Healthy Parks and Healthy People

This paper sought to develop a more holistic profile of the sounds and noises urban
Chilean dwellers encounter within a range of acoustic environments. A better under-
standing of these PA visitors and the range of acoustic experiences they encounter can
assist PA managers in several ways. First, study results suggest several implications for
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in-park programming. The richness and variety of natural sounds perceived by visitors
in this study reaffirms the important role they play in connecting visitors with nature
through sound. HPHP may want to consider infrastructure and programming to help
enhance visitor mindfulness and recognition of natural sounds and their abundance in
PAs. These could include mindful listening programs (e.g., soundwalks), quiet trails or
quiet hours with signage to encourage mindfulness, and educational programs that
interpret the richness of the biophonic and geophonic sounds, and inform about natural
and human system interrelations via soundscapes (Francis et al. 2017). These types of
programs may help citizens restore and regain some of the direct interactions with the
natural world that have been lost within their daily lives because of increased urbaniza-
tion. More research is warranted to guide and support natural sounds programming in
PAs, both in terms of their potential to foster nature connectedness and health benefits;
as well as their potential to contribute to pro-environmental behavior that can enhance
HPHP goals.
Secondly, a holistic understanding of visitors’ experiences in their varied environ-

ments, including home and work contexts, is important for soundscape management
and monitoring practices within PAs. The enhanced ISO/TS taxonomy proposed in this
paper would provide a common tool that can assist research in this vein. Since PA
soundscape monitoring programs commonly incorporate visitor perceptions data (e.g.,
Pilcher, Newman, and Manning 2009; Miller et al. 2020), managers should seek to
understand how much visitors’ experienced environments affect their motivations for
visiting PAs, and their soundscape experiences and perceptions within PAs. Recent find-
ings suggest that differing connections to nature and natural sounds may influence the
capacity of visitors to provide consistent feedback in perceptions-based monitoring
(Ednie and Gale 2021). Thus, the programming initiative mentioned above may play a
particularly important role in helping prepare PA visitors to provide useful feedback to
soundscape monitoring initiatives within PAs.
Finally, this study suggests both the need and the opportunity to extend the HPHP

approach beyond the park through natural sounds. Our study results illuminated the
stark contrasts in natural sound richness and variety perceived within the CNR and the
home and work settings. Considering the amount of time people spend at home and
work, in comparison with time in nature, it seems opportune to consider how PAs
might extend the benefits of natural soundscape immersion outside the park boundaries,
to home and work settings. Photos have long been used as a visual cue to preserve and
enhance memories of being in a place; how about incorporating efforts to enhance the
memories of being in a place through sound. What is the auditory equivalent of a
photo? Perhaps HPHP programming can use PA natural soundscapes to accomplish
this goal. For example, the emergence of 3D-video, mindfulness apps, and platforms
could be enhanced through partnerships with PAs and natural sound content. Spotify,
or similar music and podcast outlets, could offer natural sounds playlists, recorded in
PAs around the world. Reliving experiences from PA trips through enhanced media
may help keep people in a mindful state of the sounds around them, thus, not only pro-
viding health benefits to themselves, but also health benefits to parks through increased
awareness of impacts and support for protection.
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Conclusions

Results support Kogan et al. (2017) arguments about the importance of understanding
participants’ experienced environments in soundscape perceptions research, and the
value in extending approaches beyond their perceptions and observations within a given
moment (i.e., a PA visit). The patterns we identified across the three contexts demon-
strated the benefits Healthy Parks bring to their visitors, as well as the potential role of
PAs in augmenting nature connections that occur outside of their boundaries. Contrasts
in the degrees and forms of anthrophonic noise within the different life contexts accen-
tuated the need to conserve and protect natural soundscapes; both to ensure healthy
natural systems (Levenhagen et al. 2020), and to provide spaces for humans to escape
the anthrophonic noise that fills their home and work contexts (Gale et al. 2021; Ednie
et al. 2022). Considering the current urbanization trends within Chile, this is particu-
larly important within PAs like the CNR, that are near cities.
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