
People and Nature. 2023;00:1–15.    | 1wileyonlinelibrary.com/journal/pan3

Received: 12 April 2022  | Accepted: 26 September 2023

DOI: 10.1002/pan3.10556  

R E V I E W  A N D  S Y N T H E S I S

The research landscape of direct, sensory human–nature 
interactions

Maldwyn J. Evans1,2  |   Kevin J. Gaston3  |   Daniel T. C. Cox3  |   Masashi Soga1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2023 The Authors. People and Nature published by John Wiley & Sons Ltd on behalf of British Ecological Society.

1Department of Ecosystem Studies, 
Graduate School of Agricultural and Life 
Sciences, The University of Tokyo, Tokyo, 
Japan
2Fenner School of Environment and 
Society, The Australian National 
University, Canberra, Australian Capital 
Territory, Australia
3Environment and Sustainability Institute, 
University of Exeter, Penryn, Cornwall, UK

Correspondence
Maldwyn J. Evans
Email: m.john.evans@anu.edu.au

Funding information
Japan Society for the Promotion 
of Science, Grant/Award Number: 
20H04375; Toyota Foundation, Grant/
Award Number: D19-R-0102

Handling Editor: Rachelle Gould

Abstract
1. Gaining a comprehensive understanding of the human–nature interactions re-

search landscape can benefit researchers by providing insights into the most rele-
vant topics, popular research areas and the distribution of topics across different 
disciplines, journals and regions.

2. The research literature on direct human–nature interactions is constituted from 
a rich and diverse spectrum of disciplines. This multidisciplinary structure poses 
challenges in keeping up with developments and trends.

3. We conducted a multidisciplinary text-analysis review of research on direct, sen-
sory human–nature interactions to understand the main topics of research, the 
types of interactions, the disciplines within which they manifest in the literature, 
their growth through time and their global localities and contexts.

4. Our analysis of 2773 articles showed that there has been recent growth in research 
interest in positive human–nature interactions that is biased towards high-income 
countries. There is a substantial body of research on negative human–nature in-
teractions, mostly from the medical fields, which is distinct from research on posi-
tive human–nature interactions in other fields such as ecology, psychology, social 
science, environmental management and tourism. Of particular note is the very 
large amount of medical research on the causes and consequences of snake bites, 
particularly in Asia.

5. Understanding the relationship between these two contrasting types of inter-
actions is of significant practical importance. More recent attention towards 
positive human–nature interactions in high-income societies biases views of the 
relationship between people and nature.

6. Research into human–nature interactions needs to take the next step towards a 
unified and holistic understanding of the benefits and costs of direct experiences 
with nature. This step is crucial to achieve a more sustainable future that benefits 
both biodiversity and human society, during great environmental and climatic 
change.
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1  |  INTRODUC TION

The study of direct human–nature interactions, often referred to as 
‘personalised ecology’, is a multidisciplinary field that explores the 
dynamic relationship between humans and nature. The field draws 
upon several disciplines, including psychology, sociology, public 
health, education, urban planning, ecology, biodiversity conserva-
tion and wildlife management (Barragan-Jason et al., 2023; Gaston 
et al., 2018; Soga & Gaston, 2020, 2022b). In the field of public 
health, for example, direct experiences in nature are increasingly 
recognised as providing numerous health and well-being benefits 
and are sometimes as effective as conventional medical treatments 
(i.e. ‘nature prescription’ or ‘nature-based health interventions’; 
Kondo et al., 2020, Shanahan et al., 2019). Researchers in biodiver-
sity conservation also consider human–nature interactions as critical 
in fostering pro-nature attitudes and behaviours and reconnecting 
people with nature; the so-called nature benefit hypothesis (Soga 
& Gaston, 2022b, 2023). Conversely, some forms of human–nature 
interactions, such as snake bites and insect stings, are recognised 
as public health issues requiring preventative and therapeutic mea-
sures (Gutiérrez et al., 2006; Torrez et al., 2019).

Research on direct human–nature interactions is an interdisci-
plinary endeavour, requiring researchers to keep up with develop-
ments and trends across multiple domains (Soga & Gaston, 2022b). 
This can be challenging. Indeed, although there are some review 
papers that provide an overview of the research trends of direct 
human–nature interactions, they typically focus on a specific 
disciplinary area (Britton et al., 2018; Collins et al., 2020; Zhang 
et al., 2020). Understanding the whole research landscape of this 
field would benefit researchers by providing insights into the 
most relevant topics, popular research areas and the distribution 
of topics across different journals and regions. Furthermore, this 
understanding could aid journal editors and funding agencies in 
identifying and supporting cutting-edge and impactful research 
within the field.

To address this challenge, we conducted a multidisciplinary 
text-analysis review of the peer-reviewed literature about direct, sen-
sory human–nature interactions. Unlike Soga and Gaston (2022b), 
who reviewed the literature on concepts and theories about human–
nature interactions, we reviewed the broader body of literature that 
describes and researches direct sensory human–nature interactions. 
We used a combination of modern text-analysis tools to identify 
patterns of research through time and space (Andrew et al., 2021; 
Chandelier et al., 2018; Evans et al., 2021, 2022, 2023; Luiz 
et al., 2019; Millard et al., 2020; Nunez-Mir et al., 2016; Westgate 
et al., 2015). These tools offer alternative ways to analyse corpora 
to traditional systematic or narrative-driven reviews. First, we used 
topic modelling (Roberts et al., 2014), a type of machine learning, 

to classify the articles in a collated set of articles (corpus) about 
human–nature interactions into dominant topics and to reveal their 
popularities, trajectories and similarities (Westgate et al., 2015). We 
then combined topic modelling with both geoparsing and taxonomic 
entity extraction (Chamberlain & Szöcs, 2013; Evans et al., 2022, 
2023; Millard et al., 2020), tools that, respectively, allow the ex-
traction of geographic location data and taxonomic mentions from 
the text. Throughout, we highlight key knowledge gaps and recom-
mendations for further research. Our analysis reveals the ‘state-of-
play’ of research into direct, sensory, human–nature interactions and 
may provide the scientific community with added impetus to take 
the field forward.

2  |  TERMINOLOGY

We defined a direct sensory human–nature interaction as involving a 
person being present in the same physical space as nature, or directly 
perceiving a stimulus from nature through sight, sound, smell, taste 
or touch. Examples include visiting a national park or urban green 
space, bird watching, smelling the scents of wildflowers, listening to 
bird song, watching a whale, stalking deer, recreational fishing, being 
stung by insects such as wasps and ants, and, in extreme cases, get-
ting mauled by a bear. We followed several recent studies in regard-
ing nature as excluding organisms that are not self-sustaining, such 
as domestic pets and livestock, cultivated plants and crops (Gaston 
et al., 2018; Soga & Gaston, 2020, 2022b). Our definition takes a 
very Eurocentric view of the relationship between humans and na-
ture. That is, that there is a human–nature dualism, in that nature is 
external to humans. We excluded spiritual and religious connections 
because we consider these to fall outside of the definition above, as 
do interactions with nature through the media such as magazines, 
television and websites. Since we focus on direct ‘sensory’ interac-
tions with nature, we also did not include those with viruses, micro-
organisms (e.g. bacteria) or parasites (e.g. roundworms).

3  |  METHODS

3.1  |  Search terms

To collate our corpus, we followed the PRISMA guidelines (Page 
et al., 2021) (Figure S1). On 21 November 2022 we searched ti-
tles in the Clarivate Analytics Web of Science Core Collection and 
Scopus databases using a list of search terms determined from 
the literature and the authors' expertise in the area (Table S1). We 
were careful to use search terms that encompassed a broad range 
of human–nature interactions that fall within our definition above. 

K E Y W O R D S
bite, extinction of experience, human–wildlife, nature experience, personalised ecology, 
recreation, text analysis, well-being
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    |  3EVANS et al.

Search terms included interactions that might be considered posi-
tive, such as ‘bird watching’, ‘whale watching’ or ‘smelling flow-
ers’, and those considered negative, such as ‘insect sting’, ‘bear 
attack’ or ‘snake bite’. We also included terms designed to find 
articles that might be considered within the general discourse of 
human–nature interactions, such as ‘attention restoration theory’, 
‘extinction of experience’ and ‘personalised ecology’. We searched 
titles alone, rather than titles, abstracts and keywords, making a 
conscious decision for a more targeted approach at the expense 
of missing some relevant articles. Taking this approach meant 
that manually screening the titles and abstracts was achievable 
(~10,000 articles) as would not be the case with a search using ar-
ticle abstracts, titles and keywords (>150,000 articles). We do not 
claim that our resultant corpus was comprehensive of all research 
into all human–nature interaction types. Instead, we regard it as 
a representation of the landscape of current research into direct, 
sensory human–nature interactions.

3.2  |  Inclusion criteria

After our searches, we manually screened the titles and abstracts 
to exclude unsuitable articles (Figure S1). Our inclusion criteria were 
those articles that explicitly focused on (1) the dynamics of human–
nature interactions themselves, (2) the impacts of the drivers (ca-
pability, opportunity or motivation) on human–nature interactions 
and/or (3) the direct impacts of human–nature interactions on hu-
mans (benefits or costs for humans) and nature (benefits or costs 
for nature). All articles were screened by author ME with a selection 
of those articles (n = 250) screened by author MS independently to 
ensure consistency in the approach.

3.3  |  Topic modelling

Topic modelling is a text-analysis technique that decomposes a cor-
pus (a set of documents) into a smaller number of thematic elements 
(topics), which can then be used to interpret patterns in the corpus 
(Westgate et al., 2015). Topic modelling techniques, such as latent 
Dirichlet allocation (LDA; Blei, 2012), or structural topic modelling 
(Roberts et al., 2014), use frequently co-occurring words to define 
topics (Westgate et al., 2015). These sets of co-occurring words can 
then be interpreted readily as a combination of meaningful ideas 
(Westgate et al., 2015). Conceptually, topic modelling characterises 
the contents of articles according to their similarities and differences 
(Evans et al., 2021).

To prepare the corpus for topic modelling, we removed words 
with fewer than three characters, punctuation, stop words (e.g. and, 
the, or) and numbers, and converted words to their root form (e.g. 
interact = interacted, interaction, interacted). The most common (in 
>85%) and rare (in <1%) words in each abstract and title provide 
very little informational content (Westgate et al., 2015), and so were 
removed.

We fitted a structural topic model (STM) by analysing abstracts 
and titles using the ‘stm’ package (Roberts et al., 2019) in R (R Core 
Team, 2023). When fitting a structural topic model it is common 
practice to choose a number of topics large enough to provide suf-
ficient detail to communicate a summary of the topic landscape of 
a corpus but not so large as to make interpretation overly complex 
(Westgate et al., 2015). After trialling a set of topic numbers, rang-
ing from 10 to 50, we chose 25 topics, a number within the range 
of other studies employing text analyses (e.g. Andrew et al., 2021; 
Evans et al., 2021, 2023; Luiz et al., 2019; Westgate et al., 2015, 
2020). We fitted the model with spectral initialisation, a technique 
shown to produce the most consistent results in a timely manner 
(Roberts et al., 2016). After fitting the structural topic model, we 
interpreted our topics by examining the 20 highest-weighted words 
of each and by manually reading several abstracts that were strongly 
associated with each topic. To aid interpretation and provide clarity 
in the presentation of our results, we gave each topic a short sum-
mary title (Westgate et al., 2015).

3.4  |  Post-hoc topic model analysis

Structural topic modelling offers the ability to undertake further 
analysis on its results by providing a matrix of topic weights (the 
proportion that each topic contributes to the whole) for each arti-
cle. This matrix can then be used in post-hoc analyses to, for exam-
ple, track trends in topics over time, or to interrogate similarities 
and relative distances between topics. To examine the temporal 
trends of each topic, we fitted a linear regression of topic preva-
lence through time, treating year as a linear term, using the esti-
mateEffect() function in the ‘stm’ package. We interpreted topics 
that were more prevalent in recent years as ‘hot topics’ and those 
that were more prevalent in earlier years as ‘cold topics’ (Evans 
et al., 2021; Westgate et al., 2015). To examine topic similarity, 
we used the model-derived probabilities of a word occurrence 
matrix in a hierarchical cluster analysis using Ward's minimum 
variance method on the dissimilarities (Ward, 1963). Based on 
this clustering, we grouped the topics into six groups of closely-
related articles. To compare and triangulate the clustering results, 
we also conducted a non-metric multidimensional scaling ordina-
tion to visualise distances and similarities between topics (Evans 
et al., 2021; Luiz et al., 2019).

3.5  |  Geoparsing and biome assignment

We used the CLIFF-CLAVIN geoparser to scan all article abstracts 
and titles for geographic mentions and to then resolve the men-
tions to the most likely physical coordinates (D'Ignazio et al., 2014; 
Millard et al., 2020). This was done using a Docker container 
(Merkel, 2014) hosted on the GitHub repository (https:// github. 
com/ havli cek/ CLIFF - docker) to run CLIFF-CLAVIN in Python. We 
then categorised the mentions into ‘country’ (any mention of a 
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country or a location within a country) and ‘locality’ (specific loca-
tions within countries) (Millard et al., 2020). Finally, we used the 
locality geolocations to assign a WWF biome(s) for each article 
(Olson & Dinerstein, 2002).

3.6  |  Taxonomic entity extraction

We used the Global Names Finder v0.17.0 (https:// gnrd. globa 
lnames. org/ ) to scan for taxonomic mentions in all abstracts and 
titles in the corpus. Recognising that many articles may not use 
taxonomic names to describe human interactions with nature (e.g. 
‘bitten by a snake’, ‘climbing a tree’), we also scanned the titles and 
abstracts for common animal and plant names from a compiled list. 
We combined the results of both scans and then used the ‘taxize’ 
package (Chamberlain & Szöcs, 2013) in R (R Core Team, 2023) to 
fetch genera, orders, classes and kingdoms of all taxonomic names, 
using the National Center for Biotechnology Information database 
Application Programming Interface. For the purposes of communi-
cation, we grouped species by what we considered discernible and 
identifiable species groups to most people (e.g. Cnidaria (jellyfish), 
Araneae (spiders), Scorpiones (scorpions), Chondrichthyes (sharks 
and rays), Serpentes (snakes), Ursidae (bears), Cetacea (whales and 
dolphins), Poaceae (grasses) and trees).

4  |  RESULTS

4.1  |  Topics

Our resultant corpus contained 2773 articles from which struc-
tural topic modelling revealed a set of 25 clearly defined topics that 
spread across several disciplines (Table 1). There were topics con-
cerned with the positive benefits of direct interactions with nature 
(e.g. Nature experiences, Greenspace and well-being) and those con-
cerned with negative human–nature interactions (e.g. Snake bites, 
Allergic reactions). There were also topics about tourism (e.g. National 
Parks and Whale watching) and outdoor recreation (e.g. Hunting and 
Recreational fishing) and the benefits of nature to humans (e.g. Nature 
experiences and Greenspace and well-being). One topic was difficult to 
define as a distinct field of research (Management). Rather, this topic 
contained co-occurring words that appeared within many research 
fields, such as environmental management and medicine (Table 1). 
Topic correlations and non-metric dimensional scaling revealed a 
clear divide between those topics that could loosely be described 
as medical research (Groups 5 and 6) and other topics (Groups 1–4) 
(Figure 1).

The hottest topics, that is, those that have increased in preva-
lence in recent years, included Nature experiences, Greenspace and 
well-being, Roadkill, Wildlife collisions and Nature education (Figure 2). 
The coldest topics, that is, those that have decreased in preva-
lence over time, were Allergic reactions, Spider bites and Blood clots 
(Figure 2).

4.2  |  Geoparsing

Geoparsing revealed that the United States was the largest contribu-
tor to the corpus (n = 389) with over twice as many country men-
tions than the next largest contributor, India (n = 183) (Figure S2). 
Geoparsed countries and localities according to topic showed a clear 
bias towards the higher-income world (e.g. the United States, Europe 
and Australasia) for nearly all topics (Figures 3 and 4). The excep-
tions to this were Human–wildlife conflict, Scorpion stings, Snake bites 
in India and Snake bites on children.

4.3  |  Biomes

Resolving geoparsed localities to WWF biomes showed that stud-
ies in Temperate Broadleaf and Mixed Forests were the most com-
mon in the corpus, followed by those in Tropical and Subtropical 
Moist Broadleaf Forests, Deserts and Xeric Shrublands (Figure 5a). 
Furthermore, those topics concerned with positive human–nature 
interactions (e.g. Greenspace and well-being and Nature experiences) 
were associated with Temperate Broadleaf and Mixed Forests 
whereas those concerned with negative human–nature interactions 
(e.g. Snake bites, Scorpion stings, Human–wildlife conflict) were asso-
ciated with Tropical and Subtropical Moist Broadleaf Forests and 
Deserts and Xeric Shrublands.

4.4  |  Taxonomic entity extraction

The three most dominant taxa in the corpus were Serpentes (snakes), 
Scorpiones (scorpions), and Araneae (spiders) (Figure 5b; Figure S3; 
Table S2). These taxa were associated most strongly with negative 
human–nature interactions predominantly in the medical literature 
such as Snake bites, Snake bites in India, Scorpion stings and Blood 
clots. Cetacea (whales and dolphins) were the next most mentioned 
taxa and were associated, unsurprisingly, with articles in the Whale 
watching and Conservation topics. Cervidae (deer) and Aves (birds) 
were similarly common but were most strongly associated with the 
Hunting, Wildlife collisions and Roadkill topics.

5  |  DISCUSSION

We used text analysis to provide an overview of the peer-reviewed 
literature concerned with direct human–nature interactions over the 
last three decades. We confirmed that there has been growth in re-
search concerning the health benefits of direct experiences with na-
ture and that this research, on the whole, is distinct from that on the 
negative effects of direct interactions between humans and nature. 
Furthermore, this distinction has geographic biases with a focus on 
positive human–nature interactions in high-income countries, but 
a focus on negative human–nature interactions in lower-income 
countries.
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TA B L E  1  Topics modelled from 2773 research articles about human–nature interactions.

Topic # Topic title Brief description Top 20 words

1 Spider bites Medical research about humans experiencing spider 
bites

bite, spider, brown, case, effect, black, caus, reclus, 
sever, clinic, local, report, poison, system, occur, 
pain, medic, necrot, includ, diagnosi, definit, rare, 
speci, patient, symptom

2 Jellyfish stings Medical research about humans receiving jellyfish 
stings

sting, jellyfish, treatment, pain, lesion, symptom, sever, 
effect, one, trial, clinic, topic, first, report, caus, 
control, skin, syndrom, aid, treat, envenom, minut, 
subject, result, use

3 Nature 
experiences

The study of the benefits of humans experiencing 
nature. Includes nature education and nature 
connection

natur, experi, well-, peopl, posit, connect, environ, 
interact, relationship, psycholog, activ, affect, wellb, 
connected, studi, urban, engag, effect, benefit, time, 
pandem, covid-, import, contact, result

4 Human–wildlife 
conflict

Research on the various ways in which people come 
into conflict with large wild animals, such as bears, 
tigers, or elephants

human, wildlif, conflict, anim, bear, human-wildlif, wild, 
peopl, conserv, toward, speci, behavior, increas, 
attitud, manag, negat, studi, mitig, interact, area, 
public, food, damag, respond, popul

5 Whale watching Research into whale watching, commonly about the 
negative impacts of the industry on whales

whale, whale-watch, watch, boat, vessel, activ, behavior, 
increas, industri, humpback, effect, regul, impact, 
chang, observ, studi, behaviour, number, cetacean, 
presenc, respons, oper, time, approach, result

6 Shark attacks Research about humans being attacked by sharks attack, shark, injuri, fatal, risk, human, victim, water, 
occur, incid, increas, death, river, encount, australia, 
number, bodi, year, record, involv, south, also, result, 
speci, pattern

7 Allergic reactions Medical research about humans experiencing allergic 
reactions to animal bites. Mostly medical research 
about insect bites

reaction, insect, patient, sting, venom, allerg, system, 
children, sever, allergi, anaphylaxi, test, risk, 
anaphylact, advers, year, local, adult, respons, treat, 
symptom, skin, posit, hypersensit, subsequ

8 Snake bites in 
India

Medical case study research about snake bites in 
India

bite, snake, hospit, india, viper, studi, mortal, case, care, 
patient, profil, common, rural, tertiari, asv, medic, 
cobra, present, morbid, health, victim, treatment, 
manag, poison, clinic

9 Recreational 
fishing

The benefits to humans and management of 
recreational fishing

recreat, fish, outdoor, activ, particip, fisher, use, chang, 
survey, model, estim, fisheri, catch, angler, increas, 
valu, result, studi, data, effort, site, effect, popul, 
differ, time

10 Roadkill Research into the effects of roadkill on wildlife roadkil, speci, road, mammal, record, season, studi, data, 
rate, hotspot, pattern, mortal, survey, number, area, 
bird, wildlif, popul, monitor, observ, vertebr, total, 
identifi, highway, signific

11 Scorpion stings Medical research into scorpion stings scorpion, sting, case, studi, iran, year, clinic, health, 
patient, children, age, region, provinc, data, incid, 
epidemiolog, envenom, hospit, occur, medic, area, 
problem, summer, stung, present

12 Hunting The management, impacts and benefits to humans of 
recreational hunting

hunt, deer, bird, popul, area, speci, increas, activ, use, 
hunter, effect, habitat, season, abund, size, forest, 
harvest, pressur, disturb, densiti, landscap, rate, 
manag, winter, period

13 Greenspace and 
well-being

Research into the benefits of nature to the well-being 
of humans

health, urban, greenspac, exposur, studi, associ, mental, 
green, qualiti, space, use, physic, intervent, wellb, 
effect, measur, evid, differ, outcom, improv, review, 
stress, citi, activ, assess

14 Management Management, as used in several contexts, including 
management of injuries (e.g. snake bites), and 
environmental management

manag, use, new, system, provid, practic, review, 
potenti, approach, can, current, includ, inform, 
strategi, method, set, cost, limit, challeng, access, 
care, improv, state, literatur, identifi

(Continues)
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5.1  |  Health benefits of interactions with nature

Our results confirm the growing academic interest in the benefits that 
interacting with nature provides for human health. This is exhibited by 
two of the current ‘hot’ topics being Nature experiences and Greenspace 
and well-being, both of which were prevalent in articles focussed on 
the benefits for humans of interactions with nature. Interest in these 
topics is likely driven in part by increased awareness of the positive 
impacts of direct interactions with nature on human health and well-
being, particularly in high-income countries (Bratman et al., 2019; Ficko 

& Bončina, 2019; Frumkin et al., 2017; Sandifer et al., 2015). Indeed, and 
especially in high-income countries, there have been extensive efforts 
by governmental and non-profit organisations to facilitate people's ex-
perience with nature to increase public health outcomes (nature-based 
health interventions; Brondizio et al., 2019; IUCN, 2020; Shanahan 
et al., 2019). Increased research on the health benefits of human–nature 
interactions is also partly driven by recent advances in technology that 
have greatly improved the ability to describe and quantify an individu-
al's interactions with nature and their physiological responses to those 
interactions (Amati et al., 2018; Mancini et al., 2018; Wood et al., 2013).

Topic # Topic title Brief description Top 20 words

15 Snake bites Medical case study research about humans receiving 
bites from venomous snakes

bite, case, year, snake, studi, age, male, occur, hospit, 
femal, common, victim, major, period, epidemiolog, 
bitten, record, lower, site, medic, retrospect, limb, 
group, poison, death

16 Snake bites on 
children

Medical research about snake bites on children patient, studi, group, children, clinic, signific, outcom, 
time, snake bit, hospit, envenom, associ, present, 
compar, use, hour, aki, age, includ, receiv, dose, 
mean, factor, admiss, requir

17 Wildlife injuries Case studies of people who have received injuries 
from animals. Mostly snakes, but also sharks and 
insects

case, report, patient, present, bite, −year-old, infect, 
follow, wound, tissu, day, left, rare, right, injuri, 
develop, antibiot, surgic, swell, manag, treatment, 
limb, examin, hand, complic

18 Wildlife collisions Research into wildlife collisions including spatial 
analysis and ways to manage and reduce the 
impacts of roads on animals at risk

collis, model, use, road, wildlif, risk, effect, reduc, 
wildlife-vehicl, data, mitig, area, predict, factor, 
vehicl, fenc, spatial, studi, wvc, locat, distribut, 
habitat, variabl, anim, traffic

19 Nature education Research about the effectiveness of nature education 
for education, well-being, and biodiversity 
conservation

educ, environment, particip, studi, program, research, 
natur, scienc, children, outdoor, citizen, learn, activ, 
experi, student, knowledg, school, nature-bas, 
develop, project, environ, group, play, use, interview

20 Blood clots Medical research about the vascular complications 
following snake bites

acut, case, follow, report, complic, present, failur, 
develop, rare, caus, manifest, renal, due, envenom, 
pulmonari, syndrom, myocard, infarct, stroke, 
cardiac, can, sever, respiratori, edema, lead

21 National Parks National Park management research park, visitor, nation, visit, area, studi, manag, use, experi, 
tourist, prefer, forest, satisfact, result, tourism, 
differ, impact, site, motiv, percept, protect, group, 
behavior, survey, factor

22 Snake bite 
epidemiology

Research into the distributions, frequencies and 
causes of snake bites

snake bit, incid, health, report, data, death, estim, per, 
region, mortal, popul, rate, annual, use, countri, year, 
envenom, studi, state, risk, rural, epidemiolog, public, 
number, area

23 Antivenoms Medical research into the use of antivenoms in the 
treatment of snake bites

snake, venom, bite, envenom, antivenom, speci, 
coagulopathi, neurotox, effect, bitten, result, case, 
clinic, two, one, detect, may, caus, import, test, 
concentr, first, identif, activ, develop

24 Snake bite 
treatment

Medical research into the treatments of snake bites patient, snake bit, antivenom, envenom, treatment, 
local, sever, clinic, treat, hospit, receiv, symptom, 
syndrom, system, case, effect, pain, administr, 
compart, sign, bothrop, complic, administ, review, 
antivenin

25 Conservation Research about human–nature interactions in the 
context of biodiversity conservation

conserv, communiti, local, sustain, area, develop, ecolog, 
tourism, protect, ecosystem, biodivers, ecotour, 
reserv, servic, can, support, provid, studi, benefit, 
manag, import, impact, valu, attitud, natur

TA B L E  1  (Continued)
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    |  7EVANS et al.

The hottest topic, Nature experiences, focussed on benefits for 
humans and on attitudes towards nature of human–nature inter-
actions (Figure 2). This topic encompassed articles that referenced 
the ‘extinction of experience’ phenomenon (Miller, 2005; Soga 
et al., 2018, 2019; Soga & Gaston, 2016). They reflect concerns 
that as an increasing proportion of people, especially children, have 
progressively fewer positive interactions with nature, the pub-
lic may become less inclined to support biodiversity conservation 
(Miller, 2005, Soga et al., 2018, 2019, Soga & Gaston, 2016). Many 
of the articles within this topic research environmental (or nature) 
education, as a way to improve the health outcomes of children 
through engagement with nature and engendering nature-related-
ness thereby helping to mitigate environmental degradation by fu-
ture generations (e.g. Collado et al., 2020; Mullenbach et al., 2019; 
Yamanoi et al., 2021).

5.2  |  Negative human–nature interactions

Our analysis also revealed a substantial body of research concerned 
with negative human–nature interactions, consisting largely of re-
search on treatments and epidemiology of negative interactions in the 
medical literature. A large amount of important research has gone into 
treatments for the effects of negative interactions on humans as re-
vealed by topics in Groups 5 and 6 (Figure 1). This vital research has 
likely reduced the risk from death or serious injury following negative 
human–nature interactions such as snake bites, spider bites, shark 

attacks, bear attacks, insect stings or jellyfish stings. This research, 
however, has declined or remained constant in recent years, while 
research into the positive effects of human–nature interactions has 
grown. This is despite evidence for an increase in the prevalence of 
some of these negative interactions (Bombieri et al., 2019; Penteriani 
et al., 2016), which has been termed the ‘expansion of negative expe-
riences’ (Soga & Gaston, 2022b). Growth in numbers of ecotourists, 
including to previously remote locations, reductions in available natu-
ral habitat due to urban developments, urban expansion, growing fa-
miliarity of wild animals with people and loss of people's knowledge of 
how to behave appropriately when they encounter wild animals have 
all contributed to this increase in negative human–nature interactions. 
The impacts of climate change might also contribute as problematic 
species such as snakes, spiders, ants and bees shift their distributional 
ranges (Longbottom et al., 2018). Furthermore, in urbanised socie-
ties there has been increased societal fear and awareness of negative 
human–nature interactions, especially those that have not tradition-
ally been studied in the field of human–nature conflicts. These include 
encountering a type of organism with which one has a psychologi-
cal phobia (i.e. biophobia) (Olivos-Jara et al., 2020; Soga et al., 2020, 
2023), being stung by invasive wasps, and hearing sounds of animals 
that cause anxiety (Hosaka & Numata, 2016; Lyytimäki & Sipilä, 2009; 
von Döhren & Haase, 2015). Determining how to deal with these nega-
tive human–nature interactions is a significant societal challenge. It is 
important therefore that there is a balanced approach to human–na-
ture interaction research, including work on both positive and negative 
interactions simultaneously. Without recognising the negative impacts 

F I G U R E  1  (a) Cluster dendrogram of the topics, with colours representing the six groups of closely related topics. The dotted black lines 
represent the large distance between Groups 5 and 6 (the mostly negative medical research) and Groups 1, 2, 3 and 4 (other research). (b) 
Non-metric multidimensional scaling ordination plot. Colours correspond with (a). The size of the points in (c) scale with the sum of the topic 
weights, representing the relative prevalence of the topics across the whole corpus. Numbers within the circles represent the arbitrary topic 
number given to each topic and correspond with those in other figures and Table 1.
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8  |    EVANS et al.

associated with human–nature interactions, conservation and recrea-
tional programs aimed at enhancing positive interactions, especially 
in low-income countries, may not meet sustainability goals and could 
yield unintended consequences.

5.3  |  Snake bites—A global health issue

Our results highlight the size and breadth of a significant pub-
lic health problem—snake bites. According to the World Health 
Organisation (WHO), an estimated 5.4 million people are bitten by 
snakes worldwide each year, resulting in up to 138,000 mortalities, 
a large proportion of which are children (Chippaux, 1998; Gutiérrez 
et al., 2017; Kasturiratne et al., 2008; Longbottom et al., 2018; 
WHO, 2023; Winfree et al., 2015). Snake bites disproportion-
ately affect the rural poor of Asia and sub-Saharan Africa, where 
socioeconomic status, lack of access to treatments and participa-
tion in agricultural activities increase the likelihood of bites and 
adverse reactions to snakes (Harrison et al., 2009). Indeed, snake 
bite envenoming is classified as a neglected tropical disease (Calleri 
et al., 2019; Williams et al., 2019). Geographic mentions of snakes 

within the corpus matched this pattern, however, research was 
also prevalent in wealthier countries such as the United States and 
Australia. Particularly concerning was the uncovering of the Snake 
bites on children topic, which also supports children often being the 
most affected. While it is encouraging that there is a large volume 
of research dedicated to the problem, and indeed, as the WHO sug-
gests, there is an extremely effective treatment, evidence suggests 
that the problem lies in the challenges of producing sufficient an-
tivenoms and in distributing and administering them in an affordable 
and accessible manner. This is particularly the case in poorer nations 
with weak health systems (WHO, 2023) where the problem is most 
prevalent.

5.4  |  The disconnect between positive and 
negative human–nature interactions

Our analysis has also revealed that there is a fundamental disconnect 
between medical research on negative human–nature interactions 
and other research. This clear divide is driven by the fact that most 
research on negative interactions is found in the medical literature, 

F I G U R E  2  Topic prevalence through 
time using structural topic model fitting 
to estimate the linear effect of prevalence 
from 1990 to 2022. Effects to the right of 
the dotted zero-effect line are considered 
hot topics (red), whereas those to the left 
are considered cold topics (blue). Error 
bars represent 95% confidence intervals. 
The size of the points scale with the 
sum of the topic weights, representing 
the relative prevalence of the topics 
across the whole corpus. Numbers 
within the circles represent the arbitrary 
topic number given to each topic and 
correspond with those in other figures 
and Table 1.
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    |  9EVANS et al.

which is distinct from research on positive interactions which oc-
curs in other fields such as ecology, psychology, social science, en-
vironmental management and tourism. This disconnect indicates 
that more research is needed to understand the interrelationship 
between positive and negative human–nature interactions (Soga & 
Gaston, 2022a). In many cases these two types of interactions do 

not occur independently but simultaneously and sequentially, sug-
gesting the existence of a ‘trade-off’ between them. For example, 
the majority of large carnivore attacks in high-income nations occur 
when people engage in outdoor recreations such as hiking or camp-
ing (Penteriani et al., 2016). Given that policymakers and practi-
tioners are often faced with maximising the positive outcomes of 

F I G U R E  3  Global maps presenting the unique country mentions (shading) and unique locality mentions (red points) for each topic in 
Groups 1 (a), 2 (b), 3 (c) and 4 (d). For the purposes of the maps, articles were assigned the topic for which they had the highest score. 
Example photographs to the left of the maps characterise topics. Images from iStock. Numbers in the top-left of each image represent the 
arbitrary topic numbers given to each topic and correspond with those in other figures and Table 1.
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10  |    EVANS et al.

human–nature interactions and minimising their negative impacts, 
understanding the relationship between the two types of human–
nature interactions is of significant practical importance.

Topic modelling did reveal several topics that could be classed 
as negative, but which were not mostly from medical research. Both 
Snake bite epidemiology and Shark attacks were more closely re-
lated to the group of positive human–nature interactions (Figure 1), 
likely reflecting that these topics might include research about 
the geographic and temporal trends of these types of negative in-
teractions, rather than the research involving case studies and 
treatments as in the more medical research topics (e.g. Snake bite 
treatments, Antivenoms). Another topic, Human–wildlife conflict was 
clustered within Group 4 and contained research about conflicts 
with Felidae (big cats) (Dhanwatey et al., 2013), Serpentes (snakes) 
(Hauptfleisch et al., 2021), Ursidae (bears) (Herrero et al., 2011), 

Crocodylia (crocodiles) (Pooley, 2015) and Elephantidae (elephants) 
(Szydlowski, 2022) (Figure 5b) but rarely researched the links with 
positive interactions.

There was very little research on how interactions or the fear 
of interactions might be influencing the motivations to undertake 
nature experiences (but see Soga et al., 2023). Experiencing positive 
interactions with nature, especially at an early age, can contribute 
to increased positive attitudes and behaviours towards it (the so-
called nature benefit hypothesis, Soga & Gaston, 2022b). However, 
the opposite might also be true—negative interactions likely increase 
people's negative emotions, attitudes and behaviour towards nature. 
The study of phobias has a long history with a substantial body of 
psychological scientific discourse (reviewed by Eaton et al., 2018). 
Yet there is little research on how negative human–nature interac-
tions might contribute to the genesis of phobias, which in turn, might 

F I G U R E  4  Global maps presenting the unique country mentions (shading) and unique locality mentions (red points) for each topic 
in Groups 5 (a) and 6 (b). For the purposes of the maps, articles were assigned the topic for which they had the highest score. Example 
photographs to the left of the maps characterise topics. Images from iStock. Numbers in the top-left of each image represent the arbitrary 
topic numbers given to each topic and correspond with those in other figures and Table 1.
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    |  11EVANS et al.

impact the motivation or capability of individuals to pursue experi-
ences in nature.

5.5  |  Importance of negative human–nature 
interactions in biodiversity conservation

The current discourse on ecosystem management and biodiver-
sity conservation has a primary emphasis on highlighting the 
positive benefits that nature provides, known as ecosystem ser-
vices. However, this study underscores the importance of also 

considering the various ecosystem ‘disservices’ in future discus-
sions within the relevant field. These disservices can impose sub-
stantial economic and social costs on many individuals. Failing to 
consider these aspects when evaluating the value of ecosystems 
and proposing management strategies could result in unintended 
consequences.

When considering the outcomes of direct human–nature inter-
actions, it is important to look beyond the perspective of humans 
and consider the impact on nature as well (Soga & Gaston, 2020). 
Indeed, there are several types of direct human–nature interactions 
that have negative consequences for nature, which can be broadly 

F I G U R E  5  Unique mentions of localities categorised as belonging to WWF biomes (a) and unique mentions of taxonomic or common 
names (b) counts histograms and topic prevalence heatmaps. Histogram represents counts in each topic, where articles are assigned to a 
single topic based on the highest topic score. Heatmaps present the sums of the topic scores of those articles with the mentions. Species 
group heatmap colours are plotted on the square-root scale. Darker colours represent lower numbers. Silhouettes were created by author 
ME or retrieved from Phylo pic. org using a Public Domain Dedication 1.0 licence (CC0 1.0).
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12  |    EVANS et al.

grouped into two categories. The first category involves a direct re-
duction in the abundance of wild organisms due to human–nature 
interactions, and this is discussed in three of the 25 topics: Roadkill, 
Human–wildlife conflict and Wildlife collision. It is worth noting that 
these topics also consider the severe health, economic and social 
consequences that these negative interactions can have for humans. 
From a conservation standpoint, it is beneficial to pay more atten-
tion to those interactions that negatively impact nature but do not 
provide severe consequences for human health and welfare.

The second type of direct human–nature interaction that has 
negative consequences for nature involves the development of fear 
towards wildlife in people who experience or learn about these in-
teractions (Soga et al., 2023). This emotion can, in turn, diminish 
people's motivation to protect wildlife and its habitats while in-
creasing their motivation to exterminate it (Johansson et al., 2012; 
Knight, 2008; Schönfelder & Bogner, 2017). For example, shark 
attacks, and the resultant media attention that typically follows, 
contribute to the persecution of these vitally important and endan-
gered animals (Muter et al., 2013; Philpott, 2002). This is despite 
shark attacks on humans being a relatively rare occurrence (Muter 
et al., 2013). Given the widespread increase in some kinds of nega-
tive human–nature interactions, it seems vitally important to deepen 
understanding of this issue.

5.6  |  Geography and taxonomy

Research on positive human–nature interaction topics, such as 
Greenspace and well-being and Nature experiences, was biased to-
wards North America, Europe, Australasia, China and Japan, with 
some studies in South America. There were very few studies of 
positive interactions in Africa, India and South-East Asia (Figure 3). 
This has the effect of biasing the study of positive human–nature 
interactions to the nature of temperate regions (Figure 5a). These 
results concur with Gallegos-Riofrío et al. (2022), whose review 
highlighted a large bias towards the Western World in research on 
nature's mental health effects. In our analysis, the few studies that 
researched the benefits of green space in tropical regions revealed 
mixed results. For example, a study in Kuala Lumpur demonstrated 
that access and use of green space provided positive health benefits 
(Mokhtar et al., 2018) whereas a study in Singapore found no such 
benefits (Saw et al., 2015). Research on negative direct human–na-
ture interactions was globally more evenly distributed than that on 
positive interactions and included many studies in tropical and de-
sert biomes (Figures 4 and 5).

The most commonly named species groups in the corpus were 
those associated with negative human–nature interactions such as 
snakes, scorpions or spiders (Figure 5). It has been noted that studies 
concerning positive human–nature interactions tend to use abstract 
terms such as ‘green’ and ‘nature’ rather than focusing on particular 
species or components of nature (e.g. Keniger et al., 2013). Our re-
sults confirm this both in terms of taxonomic mentions and the most 

common words in the hot topics (e.g. Nature experiences, Greenspace 
and well-being). Snakes were by far the most frequently mentioned 
taxonomic group in the corpus and the overwhelming majority of 
interactions with snakes were negative (Figure 5b). The next most 
frequently mentioned taxonomic group was scorpions (stings), with 
species in this group occurring predominantly in desert and xeric 
shrublands in countries such as Iran (Rahimi et al., 2020), Saudi 
Arabia (Alhamoud et al., 2021), Turkey (Cesaretli & Ozkan, 2010) and 
Brazil (Barros et al., 2014) (Figure 4).

5.7  |  Limitations and future research directions

Despite presenting the research landscape of direct human–nature 
interactions, it is important to acknowledge several limitations of 
our study. First, for the purposes of this work, we limited our focus 
to direct sensory interactions with nature, often referred to as the 
‘experiential’ connection to nature (Soga & Gaston, 2023). However, 
this represents just one facet of the multifaceted spectrum of human 
connection to nature, which encompasses various dimensions, in-
cluding philosophical, emotional, cognitive and material dimen-
sions (Ferguson & Tamburello, 2015). For example, humans might 
gain benefits through simply knowing that nature exists, and many 
cultures' identities are fundamentally linked with the ecosystems 
within which they developed (Russell et al., 2013). Our study of di-
rect interactions with nature, therefore, serves to enlighten the re-
search landscape of the most tangible and direct component of the 
greater landscape of research on human–nature connections.

Second, while the analysis of the word content in topic modelling 
provides a way to ‘let the data do the talking’—that is, topics emerge 
from an analysis of word co-occurrences—there are many assump-
tions and subjective choices in the process. For example, as with any 
analysis like ours, the results reflect our choices of search terms. 
Other authors may have used different search terms based on their 
own subjective assumptions, and, as a result would have derived 
different results. Also, we chose 25 topics for analysis after some 
exploration of models with fewer or more topics specified. We had 
to make a ‘judgement call’ that 25 was interpretable to the average 
reader. Furthermore, the naming of the topics involved a subjective 
interpretation by the authors, the results of which were no doubt 
coloured by our experiences and sets of expertise.

Finally, and perhaps most importantly, our research is limited by 
its dependence on English-language publications, potentially causing 
a skewed perspective towards a Eurocentric view of human–nature 
interactions. As acknowledged in the literature, cultures including 
European and Indigenous populations have differing values and per-
ceptions towards nature (Knudtson & Suzuki, 1993). Considering 
the diversity of human–nature interactions in different cultural con-
texts, exploring these non-English sources could bring valuable addi-
tional perspectives to the field. There are likely numerous important 
studies examining direct human–nature interactions that have been 
published in languages other than English.
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6  |  CONCLUSIONS

Here, we provide an overview of the many strands of research into 
direct human–nature interactions. Our analysis highlights the im-
portance of taking a truly global perspective that encompasses and 
respects the knowledge and viewpoints not only from high-income, 
but also from low-income countries. Recently, skewed research ef-
fort in the non-medical literature towards positive human–nature 
interactions in developed societies biases the view of the relation-
ship between people and nature. To create a more sustainable fu-
ture that benefits both biodiversity and human society, during great 
environmental and climatic change, research into human–nature in-
teractions needs to take the next step towards a unified and holistic 
understanding of the benefits and costs of direct experiences with 
nature.
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