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ABSTRACT 

Background. There is an increasing trend of incorporating wellbeing issues into the global 1 

sustainable development plans but also into the academic research focus, within fields such as 2 

conservation biology and environmental sciences. The role of landscape on human wellbeing has 3 

been widely reported, but a comprehensive understanding of the role of soundscape has yet to be 4 

explicated. Research on the influences of sound on wellbeing has been conducted across a range 5 

of disciplines, but integration of findings is impeded by linguistic and cultural differences across 6 

disciplinary boundaries.  7 

Method. This study presents the largest systematic literature review (2379 publications) of 8 

research addressing the association between soundscape and human/ecological wellbeing to date. 9 

It is divided in two components: 1. rapid visualisation of publication metrics using the software 10 

VOS Viewer, and 2. analysis of the categories of wellbeing associated with soundscape using the 11 

natural language processing platform, Method52.  12 

Results. The first component presents network diagrams created from keyword searches and 13 

cited references (lexical, temporal, spatial and source networks) that explain the origin and 14 

evolution of the field, the influences between disciplines and the main contributors to the field. 15 

Research on the topic, occurring mostly between 2004 and 2016, evolved from a 16 

medical/physiological focus, into technological and psychological/social considerations, and 17 

finally into ecological/social research. The evolution of the field was associated with the 18 

diversification of terminology and the evolution of new branches of research. Moreover, research 19 

appears to have evolved from the study of particular associations between sound and physical 20 

health, to an integrative multidimensional field addressing soundscape and wellbeing, across 21 

human and non-human species, including ecological based studies. The second component 22 

includes a trained classifier that categorizes publications, based on keywords analysis, into three 23 

frameworks for understanding the association between soundscape and wellbeing: ‘Human 24 

health’, ‘Social and Cultural wellness’ and ‘Ecological integrity’.  25 

Discussion. The methodology used was an effective tool for analysing large collections of data 26 

in short periods of time. In order to address the gaps found during the study, it is recommended 27 

to increase research conducted by non-western societies and in non-English languages, and the 28 

exploration of ecological and sociocultural aspects of wellbeing associated with soundscape.   29 

 30 

 31 

Keywords: health, sounds, welfare, ecological health, noise, wellbeing, machine learning, 32 

bibliometric networks 33 
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 34 

1. INTRODUCTION 35 

1.1.The study of Human Wellbeing in Conservation and Environmental Sciences 36 

The importance of addressing wellbeing issues as part of global strategies and action plans for 37 

sustainable development and biodiversity conservation has been increasingly recognized in 38 

recent years. For example, the Intergovernmental Panel on Climate Change (2014) and the 39 

Millennium Ecosystem Assessment (2015) reports highlight consequences of global 40 

environmental change on human wellbeing and the importance of considering it a priority. In 41 

addition, the Sustainable Development Goals (SDGs) include the promotion of human wellbeing 42 

and healthy lives as part of their 2030 Agenda. Within conservation and other environmental 43 

sciences, there is an increasing trend in studies which incorporate social and ecological concerns, 44 

and consider the impact of landscape disturbance or nature conservation on human wellbeing 45 

(Mascia et al. 2014; e.g. McKinnon et al. 2016; Milner-Gulland et al. 2014). With the study of 46 

the impact of environmental change on human wellbeing, new perspectives in academic research 47 

are emerging. For example, most studies in ecology and conservation sciences describe humans 48 

as a ‘negative influence’ on ecosystem integrity e.g.(Bennett & Robinson 2000; Goudie 2013; 49 

Halpern et al. 2008; Nyssen et al. 2004; Peres 2000) and not as an ‘affected component’ of the 50 

ecosystem. This change in paradigm, from conceiving humans as detrimental to nature, to an 51 

affected part of the ecosystem, is likely to have repercussions for future decisions, practices and 52 

management plans. For example, it has been reported that the loss of ecosystems, species, 53 

populations, and genetic diversity has implications for human health by altering the goods and 54 

services provided by natural ecosystems, such as: decreasing global food productivity, 55 

eliminating species important for medical use, increasing the rate of infection diseases, and 56 

others (Chivian 2002). Hence, the integration of human perspectives in ecological/conservation 57 

sciences might stimulate the generation of strategies and action plans that aim to maintain the 58 

ecosystem integrity, of which humans are an integral part.    59 

The study of the role of the natural environment on human wellbeing is complex. Not least 60 

because definitions of wellbeing vary; however, even though there is a current lack of consensus 61 

on how to quantify wellbeing, a few promising approaches have been proposed (e.g. Bottrill et 62 

al. 2014b; Dodge et al. 2012; Milner-Gulland et al. 2014). A review by McKinnon et al. (2016), 63 

found that nature conservation was associated with 9 aspects of wellbeing and recommended 64 

further research to  better understand these relationships: Economic living standards, Material 65 

living standards, Health, Education, Social relations, Security and Safety, Governance, 66 

Subjective wellbeing, Culture and Spirituality and Freedom of choice and action.  67 

 68 
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1.2. Evaluating the associations between Soundscape and Wellbeing 69 

In addition to the role of landscape, the role of soundscape in human wellbeing is now 70 

recognised (Sattar et al. 2016). Soundscape has been defined as all the sounds emanating from a 71 

landscape, including multiple sonic sources: geophony (geophysically produced sounds), 72 

biophony (biologically produced sounds) and anthrophony (sounds produced by humans) 73 

(Pijanowski et al. 2011b). The study of the effects of soundscape, or of specific sonic sources, on 74 

wellbeing has been of interest in a wide range of fields such as psychoacoustics, medical 75 

sciences, acoustic ecology, soundscape ecology, ethnomusicology, bioacoustics, engineering, 76 

and others. However, information is scattered across disciplines and integration across them is 77 

difficult, as specialist academic language can sometimes be a barrier, (Nielsen-Pincus et al. 78 

(2007) and Klein (1984). Furthermore, most of the work has been centred around quite specific 79 

facets of sound, and human wellbeing: the effects of noise and quietness on health (Booi & van 80 

den Berg 2012; Gidlof-Gunnarsson & Ohrstrom 2007; Münzel et al. 2014; Van Der Eerden et al. 81 

2013; Van Renterghem & Botteldooren 2012), comfort and annoyance (Gidlof-Gunnarsson & 82 

Ohrstrom 2007; Gidlof-Gunnarsson & Ohrstrom 2010; Van Kempen et al. 2009; Yang & Kang 83 

2005) and productivity  (Hume 2010; Mak & Lui 2012; Sakuma & Kaminao 2010).  84 

Research has also been carried out on the influence of sounds at individual, social and cultural 85 

levels. For example, the pioneers of soundscape studies, Barry Truax (Truax 1978) and Murray 86 

Schafer (Schafer 1994), started by studying the relationship and interactions between humans 87 

and the sonic environment, including musical orchestration, aural awareness, and acoustic design 88 

(Pijanowski et al. 2011b). They brought new concepts to the field that highlighted the 89 

consequences of industrialization (and of noise pollution) on the quality of a sonic environment. 90 

Since then, it has been recognized that not only humans, but also the natural environment, has 91 

been  impacted by habitat modification (Schafer 1994).  92 

More recently, the field of ecoacoustics emerged, which considers sounds as a component and an 93 

indicator of ecological processes occurring in an ecosystem (Sueur & Farina 2015). Sounds  are 94 

the material from which different ecological processes can be inferred to investigate the ecology 95 

of populations, communities and landscapes (Sueur & Farina 2015). This discipline harbours the 96 

field of soundscape ecology, which investigates how sound in landscapes can be used to 97 

understand coupled natural-human dynamics across different spatial and temporal scales 98 

(Pijanowski et al. 2011b). Several ecological hypotheses underpin this research such as the 99 

Acoustic Niche Hypothesis
1
 (ANH)(Krause 1987), the Acoustic Adaptation Hypothesis

2
 100 

                                                           
1 The ANH describes how acoustic signals are shaped in an interspecific arrangement, according to the 

competition model, in which each species occupies a specific space in the auditory spectrum in order to 

minimize spectral or temporal overlaps. 
2 The AAH explains how animal signals are moulded according to their intrinsic physical features (e.g. length 

of trachea) and also by the influence of environment properties. 
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(AAH)(Daniel & Blumstein 1998) and the Morphological Adaptation Hypothesis
3
 (MAH)(Podos 101 

2001). These postulations explain how the soundscape becomes structured through the 102 

evolutionary pressures that occur within natural acoustic communities according to physical 103 

structure, the adaptive mechanisms of sound production and transmission, the reduction of 104 

acoustic competition, and the behavioural processes associated with vocalizing species (Farina 105 

2014). By studying these mechanisms and impacts due to environmental changes, ecological-106 

based research has started to explore associations between soundscape and environmental health. 107 

Soundscape ecology promotes research not only of the ecological but also the social associations 108 

of soundscape with wellbeing (Pijanowski 2011).  109 

An important contribution highlighting the ecological and social importance of preserving 110 

soundscapes was provided by a review by Dumyahn & Pijanowski (2011). They recognized 5 111 

soundscape values and benefits of ‘quality soundscapes’: Human wellbeing, Wildlife wellbeing, 112 

Sense of place, Landscape interactions, and Ecological integrity. However, this proposal was 113 

based on a reduced number of publications (<100) and might not cover all knowledge generated 114 

across all disciplines. For example, Devadoss (2017) examines additional roles of soundscape in 115 

human identity, sense of belonging and community, which are not mentioned in the list.  The 116 

need for more research on the ecological and social values associated with soundscapes has been 117 

identified (Dumyahn & Pijanowski 2011).  118 

The purpose of this study was to synthesise current cross-disciplinary knowledge around the 119 

associations between soundscape and wellbeing by integrating existing research into human and 120 

ecological wellbeing. The aim was to generate a corpus of synthethised information on the topic 121 

that facilitates comprehension of what has been done to date, circumventing the barriers of 122 

academic language. This study aims to contribute to soundscape ecology or ecoacoustics to 123 

promote the integrated study of soundscape, wellbeing and soundscape conservation. 124 

The main questions addressed by the analysis were:  125 

1. What is the state of knowledge in the field of soundscape and wellbeing? How was the field 126 

born and how has it evolved over time?; What are the connections and influences between 127 

disciplines and the main contributors to the field?; Where are the knowledge gaps currently? 128 

2. Which types of associations between soundscape and wellbeing have been described to date? 129 

What are the most relevant concepts and linkages? 130 

3. Which areas are untouched or under-researched and require future investigation?  131 

 132 

                                                           
3 The MAH refers to the role of the body size as a constraint of the vocalization organs and their acoustic 

performance.  
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2. MATERIALS & METHODS   133 

A systematic literature review was carried out based on data compiled from academic literature 134 

on the topic of ‘soundscape and its associations with wellbeing’. This is comprised of two 135 

components: 1. analysis of publication metrics; 2. analysis of categories of wellbeing associated 136 

with soundscape.  137 

2.1. Corpus construction 138 

In order to compile publications on the topic of research, it was necessary to identify a set of 139 

words (‘topic words’) that were used to conduct a search within abstracts, titles or keywords of 140 

online publication databases. In order to compile a comprehensive list of topic words for 141 

conducting the literature search, synonyms of the words ‘soundscape’ and ‘wellbeing’ were 142 

identified. The latter search strategy has also been used in Woodhouse et al. (2015) and Coralie 143 

et al. (2015) for conducting systematic literature reviews on similar topics. In the case of 144 

‘wellbeing’, 12 synonyms (listed below) were found in online dictionaries (Thesaurus.com and 145 

WordReference.com). These terms were considered appropriate for the search as they include 146 

broader definitions of ‘wellbeing’ (Šprah et al. 2014) and are not restrictive, considering the 147 

diversified use of ‘wellbeing’ across disciplines (Dodge et al. 2012; Milner-Gulland et al. 2014).  148 

‘Soundscape’ synonyms were searched for in the same online dictionaries. However, these 149 

synonyms were not included as they were considered inappropriate for the search strategy (e.g. 150 

they included terms such as ‘landscape’, ‘sound wave’ and others which diverged from the focus 151 

of this study). In order to find more suitable synonyms, a brief review of related terms used in 152 

relevant publications on the topic was carried out: ‘soundscape’ appeared as a term in the late 153 

1970s (by Murray Schafer), but it also has been referred to in literature as ‘sonic environment’ 154 

(Truax 1978) or ‘acoustic environment’ (International  Organization for Standardization SO 155 

12913-1:2014). Therefore, the three last mentioned terms were selected for the search.  156 

A search string comprising the following terms was used to query SciVerse’s Scopus and 157 

Tomson Reuters Web of Science, both peer-reviewed publication databases: “‘soundscape’ OR 158 

‘sonic environment’ OR ‘acoustic  environment’  AND ‘wellbeing’ OR  ‘well-being’ OR 159 

‘comfort’ OR ‘happiness’ OR ‘health’ OR ‘prosperity’ OR ‘welfare’ OR ‘advantage’ OR 160 

‘benefit’ OR ‘ease’ OR ‘good’ OR ‘wealth’ OR ‘pleasure’”. The search string in SCOPUS and 161 

Web of Science was based on the database titles, abstracts and keywords. The results from both 162 

bibliographic databases were combined into one database. In order to evaluate whether the 163 

search strategy was effective, the compilation was compared to a comprehensive personal 164 

database of publications compiled by the author on the same topic. As most of publications from 165 

the personal compilation were present in the combined database used for this study, the search 166 

strategy was considered appropriate for the analysis.   167 

 168 
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2.2. Evaluation of publication metrics  169 

In order to provide an overview of the linkages between research across disciplines, bibliometric 170 

networks were constructed and viewed using VOS Viewer (version 1.6.5). Four maps were 171 

generated: 1. A Lexical network, 2. A Temporal network, 3. A Spatial network, and 4. A Source 172 

network: 173 

The lexical network was generated in order to evaluate how the field of research has grown, and 174 

what the concepts most associated between soundscape and wellbeing are. This was conducted 175 

by analysing the ‘keyword co-occurrence’ among the database publications. ‘Co-occurrence’ 176 

refers to the number of times one keyword appears in close relation with another. In this network 177 

map terms are located at different coordinates in 2D space, according to the number of co-178 

occurrences of a term (keyword) and its relationship with other terms. Objects are located close 179 

to their ‘ideal coordinates’. The ideal coordinates of an object i are defined as a weighted average 180 

of the coordinates of all other objects, where the coordinates of objects more similar to object i 181 

are given higher weight in the calculation of the weighted average (van Eck & Waltman 2007). 182 

Hence, the distance between two terms can be interpreted as an indication of the relatedness of 183 

the terms: the smaller the distance between them, the more strongly they are likely to be related 184 

to each other (Van Eck & Waltman 2011). Each term has a specific label and circle size 185 

depending on a measured weight, which is obtained by calculating the number of links of an item 186 

and the total strength of the links of an item (Van Eck & Waltman 2013). Terms are grouped in 187 

clusters - shown in different colours - of closely-related terms, based on the weighted and 188 

parameterized variant modularity function of   Newman & Girvan (2004). A minimum number 189 

of co-occurrences of a keyword was used as a threshold, as recommended in Van Eck & 190 

Waltman (2013) (≥10).  191 

A Temporal network was created in order to explore the temporal dynamics of the field, using 192 

the same clustered network but presented within a time period, based on the average number of 193 

publications per year. A Spatial network, was created in order to evaluate geographical patterns 194 

in contributions to the field, based on the average number of publications per country. A 195 

minimum number of publications per country (≥5) was used as a threshold, as recommended in 196 

Van Eck & Waltman (2013). Finally a Source network was created in order to analyse the 197 

sources (i.e. publication types) that have contributed to the evolution of the field, through an 198 

analysis of source citations. A minimum number of documents/citations of a source (≥5) were 199 

used as a threshold for creating the map of source citation oand linkages between them. 200 

Additionally, a temporal analysis was integrated in order to visualize contributions from each 201 

source over time (based on the average number of publications per year).   202 

 203 

 204 
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2.3. Definition of categories of wellbeing associated with soundscape  205 

To further explore lexical associations between soundscape and wellbeing, a supervised classifier 206 

was built with Method52 (version6.1.)(Wibberley et al. 2014). Method52 is a tool for collecting, 207 

processing and exploring large collections of text documents. It uses natural language 208 

processing, which allows machines to infer patterns from a trained dataset created by the analyst, 209 

and to make general predictions about the whole dataset (Nadkarni et al. 2011). For this study a 210 

classifier was built in order to automatically categorize the compiled publications into defined 211 

categories of wellbeing. A training process was used to create the classifier which consisted of: 212 

1. Defining categories of wellbeing, 2. Manual labelling of a random subset (300 samples) of 213 

publications into categories of wellbeing (called correct answers or ‘gold-standard dataset’), 2. 214 

Training the classifier by labelling a smaller subset of samples (200 samples) and measuring the 215 

model performance using the gold-standard dataset (see Section 3.4. for details), and 3. 216 

Aggregating more samples to the training data to enhance the performance of the model.  217 

Wellbeing categories were initially pre-defined based on domains of wellbeing reported in 218 

similar works (Bottrill et al. 2014a; Woodhouse et al. 2015), and refined during the interactive-219 

learning process (details in results). ‘Author-keywords’ or ‘index-keywords’ (when the latter 220 

were missing) were used for the classification of each publication into a category. When the 221 

keywords of a publication were not clear enough to categorize it, the whole abstract was read. 222 

The addition of more samples to the training data was decided based on classifier performance 223 

scores; if the performance scores of the model were poor, more training data was added until the 224 

model reached acceptable performance scores. The performance of the classifier was evaluated 225 

using the F-Score (Precision * Recall) of each category and overall classifier Accuracy, with the 226 

training dataset. Precision evaluates the proportion of documents considered by the classifier as 227 

true positive (True Positive/True Positive + True False); Recall measures the proportion of all 228 

relevant documents classified as relevant (True Positive/True Positive + False Negative); 229 

Accuracy assesses the proportion of documents assigned to a correct category (True 230 

Positive/True Positive +True Negative+ False Positive+ False Negative). Scores with a 231 

performance higher than 50%, were considered good, following the criteria of  Wibberley et al. 232 

(2014). 233 

Classification of the compiled dataset was evaluated in a temporal domain (number of 234 

documents per year) in order to visualize how much each topic has been studied over time. 235 

Finally, a conceptual map of the association between ‘soundscape’ and ‘wellbeing’ was built by 236 

using the ‘author-keywords’ or ‘index-keywords’ list obtained during the classification of the 237 

compiled dataset. Terms that were duplicates or not self-explanatory, non-adjectives and/or not 238 

descriptive were removed from the list.   239 

 240 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.6570v1 | CC BY 4.0 Open Access | rec: 12 Jan 2018, publ: 12 Jan 2018



9 

 

 

 

3. RESULTS      241 

3.1. Lexical network 242 

The final corpus consisted of 2379 articles (SCOPUS=1144; Web of Science=1235. 243 

Supplemental 1). The keyword co-occurrence analysis found 331 terms that meet the threshold 244 

(number of co-occurrences of a keyword ≥10). Fig. 1A shows a network of terms grouped into 6 245 

clusters (see bibliographic metrics in Supplemental 2). Each cluster comprised a list of terms that 246 

were classified into general subjects, categorized as:  247 

1. (Green) Medical/Physiological research: groups words which are lexically related to 248 

sense of hearing, and human/animal physiology research 249 

2. (Yellow) Technological/Medical applications: comprises terms associated with the 250 

development of acoustic technologies and research into the properties of sound.  251 

3. (Red) Acoustic perception research I: gathers terms related to acoustic assessment and 252 
sound measurement based on psychological research, especially focusing on ‘noise’ and 253 

‘urban’ areas. 254 

4. (Blue) Acoustic perception research II: includes terms that reflect broader research on 255 

soundscape perception and integrates a range of cultural/social aspects (e.g. tranquillity, 256 

identity, memory).  This category differentiates from ´Acoustic perception research I´ 257 
because it is more focused on community, rather than individual levels, and include 258 

perspectives not only related to psychological research.  259 

5. (Purple) Ecological research: gathers terms based on ecological research, especially in 260 

ecologically relevant descriptive patterns and noise 261 

6. (Light Blue) Health care:   contains terms associated with the application of research in 262 

health care practices.  263 
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 264 
A 265 

 266 
B 267 

Figure 1. Network of the co-occurrence of keywords (items) in literature based on the association 268 

between ‘soundscape’ and ‘wellbeing’. A) coloured by clusters, B) coloured by year of 269 

publication (2004-2016).      270 
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 271 

3.2. Temporal network 272 

As shown in Figure 1B, most research on the topic has occurred over a period of 15 years, 273 

between 2004 and 2016. Terminology associated initially with the field suggests how research 274 

was mostly focused within the medical/physiological realm and the sense of hearing (i.e. 275 

physical health). At the same time, vocabulary seems to have evolved within the branch of 276 

acoustic technology –especially hearing/speech research, and other acoustic sciences from 2005-277 

2009. From 2010, a new lexicon associated with the study of human perception of sound within 278 

psychological research emerges. This is followed by the evolution of other terms that develop a 279 

deeper understanding of the perception and influence of sound and soundscape for humans in 280 

2013-2014 (e.g. soundscape, quality, urban planning). Finally, the development of soundscape 281 

ecology within biological sciences can be observed, with terms describing the fields of research 282 

involving environmental patterns and ecological impacts of noise (2014-2015).  283 

 284 

3.3. Spatial network 285 

The 34 countries, out of a total 94, that met the threshold criterion (number of documents of a 286 

country ≥5) are shown in Figure 2A (see also Supplemental 3). According to the analysis, most 287 

of the research has been conducted in institutions from ‘developed countries’ (N=30, 88.23%), 288 

following the criteria of the Global Human Development Report (UNDP 2016), during the 289 

period 2006-2016. The United States made the largest contribution (22.08%), followed by 290 

United Kingdom (13.6%), China (9.12%), Germany (6.24%) and other European countries (≤5% 291 

each). The temporal network, based on the average publications per year (fig. 2B), shows that 292 

United States and Japan were the pioneers of the research (2006-2008), followed by other 293 

European countries (France, Belgium, Finland, Sweden and Portugal), United Kingdom, Hong 294 

Kong and Canada (2009-2011). Afterwards, other European countries (Germany, Switzerland, 295 

Netherlands, Poland, Austria, Italy, Spain, Norway, Denmark and Greece), Asiatic countries 296 

(China, South Korea, Turkey), and South American countries (Brazil and Mexico) contributed to 297 

the field (2011-2012). From 2013-2015 other Asiatic countries (Taiwan, Hong Kong, Indonesia, 298 

Singapore and India), New Zealand and Ireland have also conducted research on the topic. 299 
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  300 
A  301 

 302 
B 303 

Figure 2. Countries that have contributed to literature based on the association between 304 

‘soundscape’ and ‘wellbeing’, between 2004 and 2016: A) countries are displayed along the Y 305 
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axis and number of publications along the X axis, B) spatial network based on number of 306 

documents cited by countries (average publications per year).   307 

3.4. Citation Source network 308 

Analysis of citation sources (fig. 3A) illustrates that there are 5 main clusters. Of 1180 sources 309 

found, 86 met the threshold (minimum number of document of a source ≥5) (Supplemental 4). 310 

Clusters were classified into the following categories: 1. Ecological and environmental sciences 311 

(red), 2. Engineering, noise control and acoustics (green colour), 2. Applied acoustics and 312 

engineering (blue), 3. Noise control and environmental research (yellow), 4. Acoustics and 313 

audiology (purple), and 5. Sound and noise control science research (light-blue). The most 314 

dominant contributors to the field have been the Journal of the Acoustical Society of America 315 

(8.98%) and Applied Acoustics (7.90%), followed by Acta Acustica United with Acustica 316 

(4.68%), Proceeding of Inter-noise 2016 (3.12%) and Landscape and Urban Planning (2.34%).  317 

Temporal analysis (Fig. 3B) shows how research into soundscape has evolved through distinct 318 

research fields. Initial contributions to the field were conducted by journals on Acoustics and 319 

international meetings/conferences on Engineering, and were focused on noise control. This was 320 

followed by further contributions by other journals on Acoustics, but also by the incorporation of 321 

Environmental and Public Health literature (2006-2011). Following that period, there appears to 322 

be an integration of publications based on Applied Acoustics and Landscape Architecture. At the 323 

same time, other conference journals, focused on noise control, continued to contribute to the 324 

field. In recent years new sources based on Ecological and Landscape research appear to have 325 

contributed to the field (2012-2016).   326 
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 327 
A 328 

 329 
B 330 

Figure 3. Spatial network showing the main contributors to the field on the association between 331 

‘soundscape’ and ‘wellbeing, based on number of documents by citation sources. A) coloured by 332 

clusters, B) coloured by year of publication. 333 
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3.4. Lexical classifier: Categories associated with ‘wellbeing’ and Conceptual Map 334 

Five categories, or domains of wellbeing were initially included in the analysis: 1. ‘Health’, 2. 335 

‘Spiritual and Cultural wellness’, 3. ‘Freedom and Social wellness’, 4. ‘Animal health’ and 5. 336 

‘Ecological integrity’. Because the number of samples in ‘Freedom and Social wellness’ and 337 

‘Animal health’ categories was low, and the evaluation of the classifier gave poor scores (i.e. low 338 

F-scores), these categories were combined into one category. The refined categories used for 339 

creating the classifier were: 1. ‘Health’, 2. ‘Cultural and Social wellness’, 3. ‘Ecological 340 

integrity’ and 4. ‘Non-related’ -this last category served as a ‘trash category’ where publications 341 

not contributing to the aims of this study were removed from the dataset (e.g. studies of speech, 342 

virtual reality, technology).  343 

A dataset with 300 samples was manually labelled and used for evaluating the quality of the 344 

classifier (i.e. the ‘gold-standard dataset’). In order to train the classifier, 200 samples were 345 

labelled and evaluated against the ‘gold standard dataset’. Table 1 shows the F-Scores per 346 

category and of overall classifier accuracy. All categories showed good performance (F= 0.65-347 

0.73), except ‘Cultural and Social wellness’, (F= 0.44). The overall accuracy of the model was 348 

good (66%).  349 

Table 1. Evaluation of the quality of the classifier based on the gold-standard data set. 350 

Categories Precision Recall F-Score Accuracy 

Health Sample 0.8 0.547 0.649 
 

Cultural & 

Social wellness 

Sample 

0.361 0.55 0.436 
 

Ecological 

integrity Sample 
0.657 0.71 0.682 

 

Non-related 

Sample 
0.673 0.796 0.729   

Overall 
   

0.658 

 351 

2008 publications were evaluated, which were automatically labelled under the following 352 

categories: Health, 520 (25.90%), Cultural and Social wellness, 295 (14.69%), Ecological 353 

integrity, 295 (14.69%) and ‘Non-related’ categories, 898 (44.72%). As illustrated in fig. 4, 354 

‘Health’ is the category that harbours the earliest research on ‘soundscape’ and ‘wellbeing’ 355 

(since the 80s), followed by a several studies in the ‘Ecological integrity’ category (during the 356 

late 80s and 90s) and ‘Cultural and Social wellness’ (in the late 90s). There were few 357 
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publications between 2002 and 2003. Since then, research has grown overall, with some periods 358 

of decreasing or non-increment (such as in 2004, 2007 and 2011). A noticeable growth in the 359 

investigation on the topic seems to have occurred since 2014.  360 

361 
Figure 4. Number of publications reporting the association between soundscape and distinct 362 

domains of wellbeing: 1. Health, 2. Social and Cultural wellness, and 3. Ecological integrity, 363 

based on the analysis of ‘author-keywords’ or ‘index-keywords’.   364 

 365 

A conceptual map of the association between ‘soundscape’ and ‘wellbeing’, based on the 366 

publication-keywords list, is presented in Figure 5. The map was separated into human and non-367 

human species and divided into positive and negative associations, to facilitate comprehension. 368 

‘Health’ associations with soundscape was the category with the highest number of keywords. 369 

The positive associations describe mainly psychological/mental states of wellbeing (e.g. 370 

tranquillity, comfort, welfare) and health benefits (e.g. attention restoration, stress recovery, 371 

rehabilitation); whereas the negative associations were based on noise and its consequences for 372 

psychological wellbeing (e.g. noise annoyance, stress, hypertension). ‘Cultural and Social 373 

wellness’ presented a range of positive associations that refer to individual and collective social 374 

processes (e.g. such as identity, collective memory, cultural heritage). Negative associations with 375 

wellbeing were scarce, and were related to the effects of noise, especially on communication 376 

(e.g. noise barrier, acoustic fragmentation, acoustic problems). ‘Ecological integrity’ was 377 

particularly associated with terms describing ecological patterns (e.g. acoustic heterogeneity, 378 

acoustic partitioning, biodiversity) and environmental status (e.g., acoustic quality, 379 

environmental health, soundscape indicator). Negative associations were describing impacts on 380 

the acoustic community (e.g. acoustic masking, acoustic niche overlap, acoustic disturbance).  381 

 382 

 383 
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Figure 5. Conceptual map of the associations between ‘soundscape’ and ‘wellbeing’ in outcomes 384 

categories, based on keywords analysis of literature published on the topic.   385 
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4. DISCUSSION 386 

This study analysed the largest compilation of academic literature at the intersection of 387 

ecological and social research into soundscape and wellbeing to date. Based on a systematic 388 

review carried out using bibliographic software analyses tools, the origins and the evolution of 389 

research in soundscape and wellbeing are reviewed; temporal and spatial dynamics of the field 390 

were also characterized. Additionally, a classification model that describes the domains of 391 

wellbeing associated with soundscape was described.  392 

4.1. Origin, Evolution and Dynamics of the field 393 

Analyses reveal that research into soundscape and wellbeing has been of interest to a wide range 394 

of disciplines, as reported in Farina (2014) and Sattar et al. (2016). Understanding of the 395 

associations between soundscape and wellbeing has changed and evolved over time: the initial 396 

term association reflects a research focus into the effects of sounds on the physical body and the 397 

mechanical processes associated with the senses in human and other non-human animals. This 398 

seems to be followed by the exploration of technological applications, based on acoustic research 399 

and sound measurement. Research on physical responses to sounds in humans, especially of the 400 

effects of noise, seems to have influenced the development of research in other disciplines, such 401 

as the psychological and the social/cultural implications of sounds. Furthermore, the appearance 402 

of new research perspectives led to the wider usage of concepts, such as ‘soundscape’. Likewise, 403 

research in soundscape seems to have influenced the development of studies not centred on 404 

humans, but on ecological understanding and the implications of noise in the ecosystem.  405 

The evolution of the field, evidenced by the appearance of differing terminology through time, 406 

has occurred over a relatively short period of time. Before the 21
st
 century publications were 407 

scarce. The appearance of a new lexicon on the subject seems to be related to the emergence of 408 

new branches of research over time, as suggested by Pijanowski et al. (2011a). The usage of the 409 

term ‘soundscape’ could have had an effect on the evolution of the subject and its diversification 410 

into new research avenues: initially, the study of the influence of sounds was centred mainly on 411 

negative associations of sound (i.e. noise) in humans (Farina 2014), but the popularization of the 412 

term ‘soundscape’ might have influenced the integration of other studies explaining a range of 413 

linkages between soundscape and wellbeing. That is, ‘soundscape’, as a multidimensional 414 

concept that includes the integration of biological, geophysical and anthropogenic sounds 415 

(Pijanowski et al. 2011b) could have had an influence on other ways of understanding and 416 

studying sound and its associations with ‘wellbeing’. As a consequence, new and more 417 

integrative branches of research that include social and ecological realms (such as soundscape 418 

ecology), appeared.  On the other hand, terms such as ‘noise’ or related words, were already 419 

present in most branches of study. The impacts of noise on health and quality of life was already 420 
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identified in the late 1960s (Ward & Fricke 1969), nevertheless, it was only after some decades 421 

that its study became popular (Passchier-Vermeer & Passchier 2000).  422 

 Spatial analysis highlighted the influence that some nations have had on the evolution of the 423 

field. Most of the contributions have been produced in industrialized/´developed´ countries, 424 

which can be considered as a bias of knowledge with regard to data collection or within the field 425 

of research. The scarcity of publications from ‘developing countries’ could be explained by three 426 

possible reasons: 1. There is a generalized trend, observed in the countries that have contributed 427 

mostly to the field, of producing most of the world’s published scientific research (EU-428 

Commission 2003). 2. This research did not consider other sources of literature, such as ‘grey’ 429 

literature or other bibliographic databases, which would have increased the amount of work (and 430 

knowledge) coming from ‘developing’ countries, and 3. Data compilation is biased by the 431 

language given that it is comprised of publications only in English. Additionally, it could be 432 

inferred that most of the associations presented in this study are referring to industrialized 433 

environments, with research on natural environments settled within urban areas.  434 

The analysis of contributors by citation source provides an overview of the main branches 435 

associated with the development of the field, and the association between them.  As reported in 436 

Sattar et al. (2016), sound engineering has been the primary contributor to the field, with 437 

publications on sound mechanics and noise assessment/control. Other influential contributors 438 

have been acoustics, focused on the development of technologies, sound measurement and noise 439 

control, as mentioned by Turner et al. (2013). Other contributing fields include acoustic ecology, 440 

psychology, landscape architecture and environmental sciences. Recent work, as shown by 441 

spatial and temporal analyses, include the branch of ecology and landscape ecology. 442 

4.2. Defining categories of the association of Soundscape with Wellbeing     443 

The analysis suggests that described associations between soundscape and wellbeing could be 444 

synthetized into three main domains (‘Health’, ‘Cultural and Social wellness’, and ‘Ecological 445 

Integrity’). This classification is represented in the Lexical network, reporting academic linkages 446 

between soundscape and ecological and social wellbeing, based on the largest compilation of 447 

data analysed to date. Most of the associations found in this analysis were human-based; as a 448 

consequence, and because the number of ecology-based publications was low, there was only 449 

one category proposed for the ecological realm.  450 

It is important to consider that the increase in work published on the topic over time is also an 451 

observed trend for all academic publications: for example, the number of documents registered in 452 

SCOPUS from all documents published from 1974 to 2016 (i.e. period of time observed in the 453 

database of this study) has increased five times (from 557,315 to 278, 8202 publications).    454 

 455 
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Health    456 

Of all the identified categories, the domain that has been better described in the scientific 457 

literature is ‘Health’. This might be explained by the great number of years that the topic has 458 

been studied in comparison with the rest of the categories. This study confirmed that there has 459 

been particular interest for research on ‘noise’, related terms (e.g. ‘noise-pollution’, ‘noise 460 

annoyance’, ‘traffic noise’) and its consequences on health. Good descriptions of the impact of 461 

noise on human health have been reported in Passchier-Vermeer & Passchier (2000), Stansfeld & 462 

Matheson (2003), Fritschi et al. (2011), and Farina (2014), which describe negative effects on 463 

physical health (such as hearing impairment, hypertension, cardiovascular disturbance, immune 464 

effects and sleep disturbance) and on mental/psychological health (such as emotional instability, 465 

task performance, stress, neurosis, annoyance, long term memory). Most of these associations 466 

were illustrated by this analysis.  467 

It was also observed that even though research on the positive linkages of sound with health 468 

appeared years later, there was a high variety of described positive associations. Some good 469 

examples of those associations are reported in similar work by Sattar et al. (2016), Oldoni et al. 470 

(2015), Gidlof-Gunnarsson & Ohrstrom (2010) and Farina (2014), which describe how 471 

soundscape of good quality influences physical and mental/psychological health. These 472 

influences include long-term annoyance reduction, stress prevalence reduction, restorative 473 

effects, rest, relaxation, welfare and mental health. The lists of associations obtained in this 474 

category were self-explanatory, which contributed to a general understanding of the existing 475 

relationships between soundscape and this category. 476 

Cultural and Social wellness 477 

The ‘Cultural and Social wellness’ category was comprised of a variety of aspects associated 478 

with wellbeing, which have been reviewed in similar studies (Farina 2014; Sattar et al. 2016; 479 

Schafer 1994). The most relevant positive aspects considered in these reports were illustrated in 480 

this study and include sense of place (e.g. Fisher 1999), cultural heritage (e.g. O'Connor 2008), 481 

identity (e.g. Harmon 2003), and communication (e.g. Fritschi et al. 2011). Additionally, other 482 

variables might reflect association with soundscape as an environmental service. Negative 483 

associations in this study were scarce, and are related to the effects of noise on communication. 484 

For example, Brammer & Laroche (2012) report how noise interferes with communication 485 

within industrial and other workplaces (e.g. open-plan offices, construction) but also within 486 

buildings (e.g. schools, residences, arenas) and describe the social implications of this. It is 487 

important to mention that this category had the lowest F-Scores (especially of Precision), which 488 

may need further research in order to confirm the accuracy of the described associations with 489 

soundscape. The high variance of topics (i.e. type of terms) related to this category could explain 490 

the low precision in the classification analysis. Additionally, the scarcity of data (number of 491 
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publications) analysed during the elaboration of the classifier could also be related to the low 492 

scores of the analysis and the lack of negative associations found in this analysis.   493 

Ecological integrity 494 

The category ‘Ecological integrity’ comprised of aspects that might be related to patterns 495 

occurring in natural ecosystems. These linkages highlight the basis of the fields of soundscape 496 

ecology and ecoacoustics, in which soundscape is studied as a proxy of biodiversity and of 497 

habitat status, by generating quantitative and qualitative measurements of sound or ‘acoustic 498 

indices’  (Kendrick et al. 2016; Sattar et al. 2016; e.g. Sueur & Farina 2015; Sueur et al. 2014). 499 

The negative associations observed were mostly descriptions of the impact that noise or 500 

anthropogenic activities have on the environment and on acoustic communities, including ocean 501 

noise, which has been well reported within bioacoustics (Au & Hastings 2008). It is important to 502 

mention, given that the categories ‘Ecological integrity’ and ‘Animal health’ were combined into 503 

one category, that other associations with wellbeing might not have been highlighted. For 504 

example, work on the impact of underwater noise on the behaviour and hearing loss of whales 505 

(e.g. Aguilar Soto et al. 2006; Erbe 2002; Moore & Clarke 2002), would have been classified 506 

within the ‘Animal Health’ category, but now is classified within the category ‘Ecological 507 

integrity’ which is less specific. In general terms, it was difficult to define the positive 508 

associations within this category as the terms are not self-explanatory or not so evident, but after 509 

reviewing material on the topic (e.g. Dumyahn & Pijanowski 2011; Farina 2014; Sueur & Farina 510 

2015) it was easier to classify them.   511 

 512 

4.3. The use of technological tools for reviewing large collections of publications  513 

The use of technological tools for conducting this systematic literature review allowed us to:  1. 514 

Analyse a large compilation of data in a short period of time with reduced research effort 515 

compared to a traditional literature review methodology, which may require longer periods of 516 

time and participation of multiple researchers (e.g. McKinnon et al. 2016), 2. Synthesise relevant 517 

information published on the topic such as key-concepts and relevant terminology. In particular, 518 

the use of keywords was confirmed as a useful means for extracting essential information from 519 

literature as they highlight relevant content in each publication (Wartena et al. 2010), 3. 520 

Understand the multiple dynamics of the field of research through bibliographic network maps, 521 

4. Identify the lacunae/gaps in research.  Furthermore, the visualization map made interpretation 522 

of the results easy. Additionally, the use of technological tools might facilitate comprehension of 523 

the topic for people with lack of expertise in the field, by extracting relevant concepts in a 524 

concise and precise way.   525 
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The limitations of the use of technological tools found during this study are the following: 1. The 526 

outcome (i.e. term extraction) sometimes could be ambiguous and depends on the interpretation 527 

of the analyst. For example, some terms have a different meaning, depending on the context of 528 

the topic. As a consequence, the probability of misinterpreting terms could be high; 2. The 529 

extraction of terms from each publication could limit the understanding of the field in depth. 530 

During the analyses, it was often necessary to read the whole abstract in order to better 531 

understand the definition of the keyword; 3. The analyses required a specific format of data 532 

compilation which is only provided by the SCOPUS and Web of Science, hence, data 533 

compilation from other published/unpublished sources is constrained; 4. In order to run the 534 

analysis, it was necessary to have a minimum amount of publications; as a consequence, specific 535 

topics with low numbers of publications (e.g. animal health) were considered within a bigger (or 536 

better studied) topic or research, obviating detailed analySis.   537 

4.4. Gaps and limitation of the study 538 

The systematic review presented in this study identified gaps in literature compilation which 539 

might reflect limited or lack of publications in particular research areas. In this study two main 540 

gaps or biases were observed: 1. Most of the studies were conducted by academic institutions 541 

from ‘developed countries’ and 2. Literature based in the ecological and social/cultural realms 542 

was scarce. These limitations may reflect the current status of knowledge of the field, but at the 543 

same time stimulates future investigation. Work in these areas may extend the understanding of 544 

the association between soundscape and wellbeing. It is important to also consider that gaps 545 

might be a consequence of a constrained search strategy. As discussed above, this study did not 546 

include information published in additional databases and in ‘grey’ literature, due to a 547 

methodological limitation (i.e. software requirements). Furthermore, it did not include other 548 

languages, which could be a bias particularly of publications conducted in non-western societies. 549 

Additionally, although keyword analysis provides relevant information on each publication, it 550 

does not cover all the theoretical thinking associated with this topic; as a consequence, important 551 

information published on the topic might not be considered within this framework.   552 

This work should be taken as a general framework with which to understand the current status, 553 

with respect to academic material published on the field, of the associations between 554 

‘soundscape’ and ‘wellbeing’. Subsequent studies should be more exhaustive in terms of data 555 

compilation, and also consider delving more deeply into the content of the publications in order 556 

to improve the understanding of the proposed conceptual model of the linkages between 557 

‘soundscape’ and ‘wellbeing’.     558 

 559 

 560 
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5. CONCLUSION 561 

This study characterized the status of knowledge on the field of soundscape and its associations 562 

with ecological and social wellbeing. In spite of the fact that research on sound and its impact on 563 

human health has had a long trajectory within academia (Ward & Fricke 1969), it is only since 564 

the 21
st
  Century that the topic was studied in detail. The aim of this work was to bring together 565 

knowledge produced across disciplines that have contributed to the topic, in order to explain the 566 

origins and evolution of the field; and also understand the existing linkages, gaps and frontiers of 567 

knowledge. The outcome of this study illustrates how research on the topic originated from 568 

having a primarily medical/physiological focus, mainly oriented to human research, into a 569 

technological and psychological/social focus, and finally widening to include an 570 

ecological/social focus. Work published on the subject comprises of a number of branches, 571 

which are related, and influence each other to differing degrees. Furthermore, the diversification 572 

of the field into branches seems to be related to the evolution of the topic which, at the same 573 

time, brought into use new concepts and terminology. It was clear to see how research evolved 574 

from studying particular associations between sound and health (mainly focused on noise and 575 

related topics), to multidimensional and integrative research on soundscape and its linkages with 576 

wellbeing. This development allowed the incorporation of a wider spectrum of topics, beyond 577 

the humanities driven focus, based on the concept of ecological wellbeing. The appearance of 578 

ecological-based research was influenced mostly by research from human-based disciplines 579 

(Pijanowski et al. 2011a).  580 

The conceptual map presented comprises a range of associations between soundscape and 581 

wellbeing which are synthetized into three main categories: ‘Human health’, ‘Social and Cultural 582 

wellness’ and ‘Ecological integrity’. The first category was the most representative, better 583 

understood and oldest topic explored over time; it is based on physical and physiological 584 

influences of soundscape on health. ‘Social and Cultural wellness’, is characterized by a range of 585 

associations, that describe individual and collective processes, based on aspects of identity, sense 586 

of place, memory, cultural heritage and social communication. Despite the high variety of 587 

associations found in this category, the number of publications on the topic was low. The 588 

category ‘Ecological integrity’ encompassed associations describing patterns of environmental 589 

communities and the influence of anthropogenic activities on them. Whilst these associations 590 

might be not so evident to comprehend in comparison with other categories, they suggested 591 

aspects of wellbeing influenced by ‘high quality soundscapes’, as reported in Dumyahn & 592 

Pijanowski (2011). More work on these associations should be addressed in the future in order to 593 

increase comprehension, as the study of ‘ecological wellbeing’ is relatively new. There is no 594 

clear concept of what ‘ecological wellbeing’ involves, yet   scientists use a range of synonyms, 595 

such as ‘biological/ecological/ecosystem integrity’, or ‘ecological/ecosystem health’ to describe 596 

the ability of an ecosystem to support and maintain ecological processes and a diverse 597 
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community of organisms (Karr 1991). Moreover, there is no consensus of how to measure it, 598 

therefore results on the topic are scarce.  599 

This work reports the largest analysis on the topic conducted to date, exploring the relationship 600 

between soundscape and ecological/human wellbeing. It could be considered as a reference for 601 

further work on the topic, especially within the field of soundscape ecology, which promotes 602 

research on the implications of soundscape conservation on wellbeing (Dumyahn & Pijanowski 603 

2011). The methodology used in this study is shown to be an effective tool for analysing large 604 

collections of data in short periods of time. With these tools the main questions of the study were 605 

addressed by extracting and synthesizing relevant concepts/terms generated by the topic; 606 

nevertheless, it was necessary to delve deeply into literature to understand the ambiguities or 607 

non-self-explanatory terminology. Further work is necessary in order to complete/improve the 608 

framework generated on the topic, in particular by including other sources of information (i.e. 609 

databases or ‘grey literature’) that were not considered in this study, and publications in other 610 

languages. Furthermore, several gaps in research were observed in the analyses; further research 611 

is recommended in order to develop a more comprehensive understanding of the associations 612 

between soundscape and wellbeing, such as information generated by non-western societies, and 613 

exploration of the ecological and sociocultural aspects of wellbeing.               614 
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