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ABSTRACT. Human relationships with nature are increasingly being recognized as an important factor in environmental conservation.
Understanding how people perceive and know nature, and the language they use to describe nature, their concepts of nature, could
have important implications for conservation policy and management. This empirical research sought to examine and categorize
concepts of nature, and explore how such thoughts relate to connection with nature and conservation behaviors. Multidimensional
scaling revealed three concepts of nature categories: descriptive (e.g., plants, animals, landscapes), normative (e.g., conservation, balance,
life), and experiential (e.g., activities in nature, positive emotions, aesthetic qualities), plus a complex category (two or more of the
descriptive, normative, or experiential categories). Connection with nature scores (total and dimensions) were higher among participants
who described nature in experiential or complex terms than those who described nature in descriptive terms. Participants who described
nature in experiential terms were more likely to have participated in environmental volunteering, citizen science, picking up litter, and
community gardening in the past year than those who used descriptive terms. Concepts of nature moderated the relationship between
the connection with nature and picking up litter. These results may usefully inform conservation policies and campaigns intended to
increase connection with nature and participation in conservation behaviors, through the use of language emphasizing experiential
and more complex concepts of nature, by encouraging personal reflection on one's experiences of nature, and through the design of
natural spaces that encourage active engagement with nature.
Key Words: Concepts of nature; connection with nature; conservation behavior; conservation psychology; human-nature relationships;
thoughts about nature
INTRODUCTION
Academic interest in human relationships with nature has grown
exponentially in recent years (Restall and Conrad 2015, Ives et
al. 2017). Researchers have explored human thoughts, emotions,
and behaviors in relation to the natural environment through
constructs such as environmental identity (Clayton 2003),
human–nature connectedness (Ives et al. 2017, 2018),
connectedness to nature (Mayer and Frantz 2004), and nature
relatedness (Nisbet et al. 2009; for reviews: Tam 2013, Zylstra et
al. 2014, Restall and Conrad 2015). Following Ives et al. (2017),
we seek to capture the range of terminology and ideas presented
in the literature, adopting the term connection with nature (CN)
"because it evokes the subtle yet important idea that (1) humans
are already an intimate part of nature and (2) that the state imbues
a sense of reciprocity and mutualism" (Zylstra et al. 2014: 121–
122). We consider CN as a multidimensional construct
encompassing identity, experiential, and philosophical perspectives
of one's relationship with the natural world (Hatty et al. 2020).
Of particular interest in the CN literature, and increasingly in
government policy (e.g., Biodivcanada 2015, Department of
Environment, Land, Water and Planning 2017, Department of
Conservation 2020), is the relationship between CN and
conservation outcomes. Recent evidence suggests that people
higher in CN are more likely to engage in behaviors of general
benefit to the natural environment (pro-environmental behaviors:
PEB) and in behaviors of specific benefit to biodiversity (probiodiversity behaviors: PBB) (Mackay and Schmitt 2019,
Whitburn et al. 2019a, Martin et al. 2020, Richardson et al.
2020b). Therefore, (re)connecting people with nature and the
enhancement of CN is seen as a potentially useful means of
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addressing a range of conservation goals (Zylstra et al. 2014,
Restall and Conrad 2015, Ives et al. 2018).
Yet, despite the recognized utility of CN in environmental
conservation, the CN literature often does not explicitly define
nature, and there is limited exploration of how people understand
the word "nature" or what aspects of nature people feel connected
to (Ives et al. 2017, Pasca et al. 2020). The term "nature" in English
(and comparable terms in other European languages) refers to a
complex, abstract construct with multiple meanings, making it
difficult to define (Clayton and Opotow 2003, Ducarme and
Couvet 2020). Indeed, some Indigenous language groups "do not
have words equivalent or even approximate to our [Western] idea
of nature" (Zent 2015:10), further highlighting the complexity of
human understandings of "nature". How people think about,
understand, and describe nature may, however, influence how they
relate to it, including attitudes and behaviors toward its protection
(Mausner 1996, Buijs et al. 2008, Andrews 2018, Coscieme et al.
2020). Further, peoples' experience of nature has been shown to
shape their perceptions of it (Adams and Savahl 2015, Collado
et al. 2016), and such differences are reflected in the language used
to describe nature (Coscieme et al. 2020). Thus, understanding
how people perceive and know nature and the language used to
describe nature, herein "concepts of nature", may be useful for
informing conservation policy and management decisions. This
research seeks to address these issues, by exploring how concepts
of nature may relate to CN and to PBB.
Previous concepts of nature research
Researchers have sought to understand concepts of nature using
a variety of methodologies. Some have used interview or survey
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questions to explore terms that come to mind when thinking
about nature (Taylor 2018); what the terms "nature" (Aaron and
Witt 2011, Pointon 2014) or "biodiversity" (Levé et al. 2019)
mean; how "nature" would be explained to another person
(Pérez-López et al. 2020); or translations of the term "nature"
into different languages (Coscieme et al. 2020). Others have
considered ratings of perceived naturalness (e.g., of the arctic,
of a soccer field) (van den Born et al. 2001), or explored
thoughts, emotions, or meanings associated with recent nature
experiences (Mena-García et al. 2020) and significant places
(Schroeder 1991, 2002, 2007). Word association (Buijs and
Elands 2013, Taylor 2019) and picture sorting tasks (Mausner
1996) have been used with adults, while drawings of nature and/
or activities in nature are commonly used with children (Aaron
and Witt 2011, Collado et al. 2016, Bolzan-de-Campos et al.
2018, Fraijo-Sing et al. 2020). These different approaches have
identified a range of concepts of nature themes (Table 1).
While some researchers have considered large numbers of
themes without sorting them into categories (e.g., Taylor 2018,
Mena-García et al. 2020), a more common approach is to
manually sort concepts of nature themes into categories (e.g.,
Pointon 2014, Collado et al. 2016, Bolzan-de-Campos et al.
2018, Taylor 2019, compare Buijs and Elands [2013] for a
statistical approach). As a result, there is little agreement in the
literature as to how these themes may be categorized. Given that
experiences of nature shape perceptions of it, it is likely that
researchers' own experiences shape their categorization
processes, thus this lack of agreement is perhaps unsurprising.
An experience of nature has been described as a process
involving interaction with nature, within a specific context, that
has the potential to change knowledge, skills, or behavior
(Clayton et al. 2019). For Clayton and colleagues (2019),
individual factors (e.g., prior encounters with, or beliefs about,
nature) can act as both precursors to, and outcomes of, the
experience of nature. From this perspective, a person's concepts
of nature may also be a precursor to, and/or an outcome of,
their experiences of nature.
A number of studies have demonstrated links between
experiences of nature (e.g., through professional or recreational
activities) and concepts of nature. Research in the Netherlands
suggested that conservation professionals were more likely to
describe nature in normative terms, while lay people were more
likely to use descriptive terms, a difference the authors attributed
to the professionals' education and working environment (Buijs
and Elands 2013). Similarly, research in Scotland suggested that
adults engaged in nature-based recreational pursuits (e.g.,
mountaineers, bird watchers) tended to view biodiversity in
normative terms, while tourists tended to view biodiversity in
experiential or aesthetic terms (Fischer and Young 2007).
Research with children suggests that those with more direct
experience of nature tend to describe nature relative to specific
or daily experiences, conservation, and positive emotions while
those with less direct experience of nature tend to use nonspecific terms such as outside, not made by humans, and fear
or discomfort (Aaron and Witt 2011, Collado et al. 2016). While
there is a lack of empirical evidence linking PBB with concepts
of nature, research has shown that participation in citizen
science, and other environmental volunteering activities, is
associated with greater knowledge and awareness of the natural

Table 1. Concepts of nature themes identified in previous
research.
Themes and example terms

Authors

What nature is
Elements within nature (flora, water, earth,
animals, forest, beach, humans)
Attributes of nature (green, blue)
Processes (seasonal changes, earthquakes)
Types of nature (wilderness, domestic,
agricultural)

Bolzan-de-Campos et
al. 2018, Buijs and
Elands 2013, Keulartz
et al. 2004, Mausner
1996, Taylor 2019, van
den Born et al. 2001

Relationships within nature
Ecosystems, biodiversity
Landscapes
Growing, living
Human interactions with natural systems

Collado et al. 2016,
Keulartz et al. 2004,
Pointon 2014, Taylor
2019

Experiences in nature, emotional experiences related to nature
Relaxation, freedom, wellbeing
Bolzan-de-Campos et
Solitude, few people
al. 2018, Buijs and
Aesthetic appreciation of nature (beauty,
Elands 2013, Collado
powerful)
et al. 2016, Keulartz et
Positive emotions (wonder, enjoyment)
al. 2004, Mausner
Negative emotions (sadness)
1996, Pointon 2014,
Actions and activities (explore, harvest)
Taylor 2019
Human relationships with nature, values of nature
Functional, utilitarian, intrinsic value
Bolzan-de-Campos et
People as separate from nature (natural
al. 2018, Collado et al.
environments are untouched by humans,
2016, Keulartz et al.
inaccessible)
2004, Mausner 1996,
Type of relationship (dominance, stewardship, Pointon 2014, Taylor
participation)
2019, van den Born et
Anthropocentrism, ecocentrism
al. 2001
Dependence on nature (water, food)
Concern for nature, conservation
How nature should be managed
Moral status of nature, informing management
actions
In need of protection
Delicate, fragile, important
Unspoiled, free from human interference

Buijs and Elands 2013,
Keulartz et al. 2004,
Pointon 2014, Taylor
2019

Human productions and impacts on nature, non-natural elements
Pollution, noise
Bolzan-de-Campos et
Human-built structures (cities, cars)
al. 2018, Collado et al.
Human productions (parks)
2016, Mausner 1996
Industries, smoke

environment and more positive attitudes and behaviors toward
conservation (Measham and Barnett 2008, Cosquer et al. 2012,
Merenlender et al. 2016, Chase and Levine 2017). These findings
suggest that direct experiences of nature through PBB such as
environmental volunteering may influence, or be influenced by,
concepts of nature.
One area that has received little attention in the academic
literature is the relationship between concepts of nature and
connection with nature (CN). Some researchers have explored
both concepts of nature and CN within a single study, although
they have not reported potential relationships between the
constructs (e.g., Olivos-Jara et al. 2013, Taylor 2018, PérezLópez et al. 2020). A notable exception is the work of Mena-
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García et al. (2020) who explored thoughts about nature and CN
scores following experiences of nature. Participants either walked
in nature or viewed images of nature then described the natural
elements observed and experiences (e.g., emotions, memories,
sensations) evoked. Results suggested that for those on nature
walks, CN scores were higher among those who described specific
sensory experiences (e.g., sounds, smells), feelings of wellbeing (e.
g., reduced stress, freedom), and spiritual/personal reflections
than those who did not. These findings suggest a relationship
between perceptions of nature and CN, whereby active awareness
of one's physiological and/or psychological response to nature
(sensory experiences, wellbeing, personal reflections) results in
greater CN. Alternatively, people higher in CN may be more
conscious of aesthetic elements and sensory experiences of
nature, and may be more likely to personally reflect as a result of
experiences in nature; that is, people higher in CN may be more
mindful in, and of, nature (Schutte and Malouff 2018).
While there is a growing body of literature linking CN and PEB/
PBB, understanding of the potential mechanisms underlying the
CN–PEB/PBB relationship is limited (Mackay and Schmitt 2019).
Recent evidence suggests that noticing nature (Hamlin and
Richardson 2021) and biospheric values (Martin and Czellar
2017) may mediate the CN–PEB relationship, although studies
investigating the potential moderating role of concepts of nature
are lacking (Mackay and Schmitt 2019). Given that different
concepts of nature appear related to different experiences of
nature (including experiences of nature through PBB), and
potentially also CN, we anticipate that concepts of nature may
also moderate the relationship between CN and PBB.
The current research
This research seeks to address gaps in the literature by evaluating
concepts of nature, and investigating whether concepts of nature
relate to CN and to nature-based PBB. In contrast to previous
manual categorization approaches, and to reduce the influence of
researcher bias, we adopted a data-driven, statistical methodology
(multidimensional scaling) to categorize concepts of nature
themes. Due to the lack of prior research investigating
relationships between concepts of nature, CN, and nature-based
PBB, we used an exploratory approach with four broad aims:
1. To evaluate and categorize concepts of nature;
2. To investigate whether CN scores differ according to peoples'
concepts of nature;
3. To examine whether participation in nature-based PBB is
related to concepts of nature;
4. To investigate whether concepts of nature moderated the
relationships between CN and nature-based PBB.
METHODS
Participants and procedure
Data were collected during September and October 2018 as part
of a study exploring the attitudes toward, and use of, the natural
environment in the state of Victoria, Australia (Meis-Harris et al.
2019). The final sample (N = 3090) was representative of the
Victorian population with respect to gender, age, and
geographical location (female: 50.194%, n = 1551; age range: 18

to 89 years (m = 46.973, SD = 16.313); residents of metropolitan
Melbourne: 83.630%, n = 2580). The majority of participants
spoke only English at home (87.346%, n = 2699), most had
completed tertiary education (76.537%, n = 2365), almost half
were working full-time (45.761%, n = 1414), while 2.492% (n =
77) worked in the environment sector. Participants were recruited
via an online panel survey company in exchange for a small
financial reward.
Participants provided their age, gender, and postcode, then
answered the open-text question, "What comes to mind when you
think of “nature”? Please describe in your own words" (response
length unlimited). On the following page, after providing an initial
answer, participants were advised, "In this survey, we would like
you to think about nature as everything that is not made by
humans. This includes all the animals, plants, and vegetation in
land and water habitats, located in urban and rural areas, and
including highly modified landscapes through to pristine wilderness
areas on land and in the water" (Meis-Harris et al. 2019 p. 82
[emphasis in original]).
Participants then answered a series of quantitative questions
capturing CN (e.g., "I feel a strong emotional connection to
nature"; "I enjoy spending time in nature"; "Feeling connected to
nature helps me deal with everyday stress"; 1 = strongly disagree,
7 = strongly agree), and frequency of engaging in 11 PEB/PBB in
the past year (e.g., "Donated money to organizations that take
care of the environment"; "Collected information on the natural
environment for scientific projects or databases (citizen science)";
1 = never, 5 = always) (Appendix 1). Four of the 11 behaviors
typically involving direct experiences of nature (participated in
environmental volunteering; citizen science; picking up litter;
community gardening) were selected to assess nature-based PBB.
Data preparation
Responses to the question "What comes to mind when you think
about nature?" varied in length from single words to multiple
sentences. Responses were coded using the thematic analysis
process recommended by Braun and Clarke (2006). To ensure
codes were data-driven, the first author used a semantic inductive
approach to extract content themes and code all responses during
the latter half of 2019, prior to engagement with the concepts of
nature literature. As the goal was to capture general themes about
concepts of nature (Collado et al. 2016), codes were developed to
capture terms (single words or simple phrases) describing
thematically similar propositions containing a minimum number
of words that made sense (e.g., "fauna", "animals", and "wild
animals" were coded as "fauna"). Multiple word responses could
be assigned one or more codes (e.g., "Relaxation, clean, pure and
peaceful" was assigned two codes: "tranquil" and "natural"; Table
2 and Appendix 2). A total of 61 themes were initially identified
(Appendix 2).
After six months, the same author recoded responses to enable
calculation of intra-rater reliability (Crocetti 2016). The same 61
themes were identified. Conflicts were minimal, thus the second
round of coded responses was used in subsequent analyses.
Themes were then revised and consolidated (e.g., "birds", "fish",
and "insects" were merged with "fauna"), resulting in 34 themes
(Table 2). To determine inter-rater reliability, the second author
coded a random sample (10%, n = 306) of the data, using the 34
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Table 2. Concepts of nature themes, example terms, and
participants mentioning terms within each theme (N = 3090).
Concepts
of nature
theme

Examples

Participants
mentioning each
theme
†

flora

plants, trees, grass, flowers, vegetation,
leaves
fauna
animals, wildlife, wild animals, birds, fish,
insects, reptiles, creatures
natural
untouched, unspoiled, uninhabited, pure,
pristine, not made/influenced by humans
forest
bushland, woods, rainforest
waterways rivers, lakes, waterfalls, ocean, beach,
mangroves
outdoors
outside, the great outdoors
environment environment, surroundings
earth
planet, dirt, sand, rocks, atmosphere,
clouds, seasons, weather, stars, sky
terrestrial land, mountains, fields, valleys,
landscape, desert
green
green, greenery, green space
park
national parks, urban parks, gardens,
marine parks
air
fresh air, oxygen, clean air
rural
open space, out of the city, non-urban,
the country
tranquil
peacefulness, relaxed, quiet, comfort,
calm
beauty
beauty, elegance
water
clean water, running water
activities
hiking, camping, gardening, adventure,
visit
life
life, living things, growing
protect
in need of protection, sustainability,
essential, precious
balance
balance, interconnectivity, ecosystem,
biodiversity
wilderness wilderness, wild
aesthetic
color, smells, sounds, views
positive
awe, wonder, enjoyment, appreciation
emotions
vast
uncontrollable, huge, expansive, lethal,
rugged
native
native, local, endemic, indigenous
human
humans, personality, science, history
everything nature, total, whole
free
free, freedom
health
healthy, flourishing, lush, fertile
habitat
habitat
resources
food, minerals, energy
local
Tasmania, Africa, my backyard
solitude
few people, isolation
negative
boredom, dread, distress
emotions

‡

n

%

1431

46

1098

36

615

20

528
524

17
17

497
451
350

16
15
11

350

11

310
242

10
8

210
218

7
7

188

6

142
163
132

5
5
4

132
96

4
3

71

2

67
63
61

2
2
2

55
51
50
47
38
38
37
27
25
12
7

CN was calculated by averaging the 12 items of the CN-12, with
scores for the three CN dimensions calculated by averaging the
items comprising each dimension (Hatty et al. 2020). Cronbach's
alpha for the CN-12 and three dimensions were calculated (CNTotal, α = 0.931; CN-Identity, α = 0.871; CN-Experience, α =
0.896; and CN-Philosophy, α = 0.758).
Data analyses
All analyses were conducted using SPSS 26 (IBM Corp. 2019).
Following Buijs and Elands (2013), we used multidimensional
scaling (MDS) to explore the arrangement of concepts of nature
themes into categories. MDS is used to determine the relative
position of objects (i.e., concepts of nature) in multidimensional
space, such that the closer objects appear on the perceptual map,
the more similar they are deemed to be (Hair et al. 2014). As some
themes were mentioned by a small number of participants, and
to simplify interpretation of the perceptual map, we excluded
themes that were mentioned by fewer than 2% (n = 61) of
participants (11 themes were excluded). Across the remaining 23
themes, there were 7939 concepts of nature analyzed (Table 2).
To enable validation of results, we randomly split the sample in
two and ran MDS analyses on both subsamples. We compared
results across both subsamples and selected the analyses where
the perceptual maps most closely resembled each other and had
acceptable Stress and Index of Fit measures (Hair et al. 2014).
We then re-ran the final MDS analysis on the total sample. The
final analysis used the ALSCAL procedure with the Euclidian
Distance and Binary Lance-and-Williams Nonmetric Measure.
To explore differences in CN and PBB across concepts of nature
categories, we conducted one-way analyses of variance (ANOVA)
with Games-Howell post-hoc test and Kruskal-Wallis test with
p-value adjusted pairwise comparisons, respectively (Field 2013).
To explore concepts of nature as a potential moderator between
CN and PBB, we performed a series of simple moderation
analyses using the PROCESS v3.5 macro (Hayes 2018).
RESULTS

§

1.8

§

1.7
§
1.6
§
1.5
§
1.2
§
1.2
§
1.2
§
0.9
§
0.8
§
0.4
§
0.2

†

Total mentions n=7939
Some participants mentioned terms from more than one theme, thus the
sum exceeds 100%
§
Excluded due to being mentioned by fewer than 2% of participants
‡

content themes developed by the first author, in late 2020.
Conflicts were discussed and agreement reached. Intra- and interrater reliability were calculated using the method described by
Landis and Koch (1977). Across the 34 themes, the mean intrarater and inter-rater kappa coefficients were κ = 0.928 (range:
0.729 to 1.000) and κ = 0.956 (range: 0.594 to 1.000), respectively.

Multidimensional scaling
MDS analyses revealed that participants' thoughts about nature
could be grouped into three broad categories. The first category
represented descriptive terms such as flora and fauna, forests,
landscapes, and waterways. The second category represented
normative terms, including ideas related to conservation,
ecosystems in balance, biodiversity, and living things. The third
category represented experiences in or of nature, such as hiking,
positive emotions, beauty, tranquility, and aesthetic qualities such
as sights or sounds. As these categories were generally consistent
with those reported by Buijs and Elands (2013), we labeled them
"descriptive", "normative", and "experiential" (Fig. 1).
The majority of participants (n = 2260, 73.139%) mentioned
terms from the descriptive category only, while a considerably
smaller proportion mentioned terms from only the normative (n
= 55, 1.780%) or experiential (n = 110, 3.560%) categories. A total
of 587 participants (18.997%) mentioned terms from two or more
categories (herein "complex"), and of these, only 13 (2.215%) did
not mention terms from the descriptive category. Seventy-eight
participants (2.524%) mentioned terms from none of the
categories (Table 2, lower rows). We used the sample of
participants who mentioned one (or more) of the three concepts
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Fig. 1. Multidimensional scaling of concepts of nature themes (Stress = 0.22, RSQ = 0.75). The three categories (descriptive,
normative, and experiential) are circled.

of nature categories (n = 3012) to compare differences in CN
and PBB across concepts of nature categories.
Connection with nature (CN) scores across concepts of nature
categories
CN data (total and dimension scores) were screened for
assumptions, and outliers (z scores ± 3.29) removed (final n =
2975). Within each concepts of nature category, some CN
variables were skewed (Appendix 3, Table A3.1) although it was
expected that the large sample size would reduce the impact of
non-normality on analyses (Field 2013). Levene statistics
suggested heterogeneous variances for all CN scores (Appendix
3, Table A3.2), thus Welch's F are reported (Field 2013).

Fig. 2. Mean connection with nature scores (total and
dimensions) for each of the four concepts of nature categories.
Error bars show 95% confidence interval of the mean.

ANOVA results suggested that participants who described
nature in purely experiential or in more complex terms had
higher CN scores (total and dimensions) than participants who
described nature in purely descriptive terms. Further,
participants who described nature in purely normative terms
scored higher on the CN-Identity dimension than participants
who described nature in purely descriptive terms (Table 3, Fig.
2, and Appendix 4).
Table 3. One-way analyses of variance comparing connection
with nature (total and dimension scores) across the four concepts
of nature categories (n = 2975†).
df
CN-Total
CN-Identity
CN-Experience
CN-Philosophy
†

3, 183.32
3, 184.77
3, 183.91
3, 181.39

Welch's F
***

29.32
***
28.23
***
23.43
***
18.44

η

2

0.025
0.024
0.021
0.016

n = 42 outliers removed; n = 78 mentioned none of the concepts of
nature categories
***
p < 0.001

Pro-biodiversity behavior (PBB) participation across concepts of
nature categories
Data for the four PBBs violated the assumption of normality
(Appendix 3, Table A3.3). Kruskal-Wallis tests indicated
significant differences in frequency of participation in the four
PBB across concepts of nature categories (Table 4). Pairwise
comparisons with adjusted p-values revealed that participants
who described nature in experiential terms participated in the four
PBB more often than those who used descriptive terms
(environmental volunteering: Χ2 = -402.636, SE = 77.823, p <
0.001, adj. p < 0.001, r = -0.106; citizen science: Χ2 = -332.532, SE
= 71.713, p < 0.001, adj. p < 0.001, r = -0.095; picking up litter:
Χ2 = -295.712, SE = 82.106, p < 0.001, adj. p = 0.002, r = -0.074;
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community gardening: Χ2 = -372.455, SE = 71.859, p < 0.001, adj.
p < 0.001, r = -0.106). Further, participants who described nature
in experiential terms participated in environmental volunteering,
citizen science, and community gardening more often than those
who described nature in complex terms (environmental
volunteering: Χ2 = 353.706, SE = 82.811, p < 0.001, adj. p < 0.001,
r = 0.162; citizen science: Χ2 = 283.072, SE = 76.309, p < 0.001,
adj. p = 0.001, r = 0.141; community gardening: Χ2 = 355.064, SE
= 76.464, p < 0.001, adj. p < 0.001, r = 0.176). All effect sizes (r)
may be considered small (Cohen 1977).

Fig. 3. Visual representation of the moderation effect of
connection with nature (X) on frequency of participating in
picking up litter (Y) as a function of the four concepts of
nature categories.

Concepts of nature as moderator between CN and PBB
As the experiential concepts of nature category appeared to have
different relationships with CN and PBB than most other
concepts of nature categories, we used the experiential category
as the reference group for indicator coding of the concepts of
nature variable (Hayes 2018). CN variables were mean-centered
and entered as the antecedent (X) with each of the four PBB as
the consequent (Y). In the interests of brevity, only CN-Total
scores and moderation effects are reported.
Results suggested the relationship between CN and frequency of
picking up litter was moderated by concepts of nature. Among
those who described nature in experiential terms, the conditional
effect of CN on picking up litter was not significant (t = 0.471, p
= 0.638, 95% confidence interval (CI) [-0.184, 0.300]). In contrast,
among those who described nature in descriptive, normative, or
complex terms, the conditional effect of CN on picking up litter
was positive and significant (descriptive: t = 17.343, p < 0.001,
95% CI [0.339, 0.426]; normative: t = 2.038, p = 0.042, 95% CI
[0.012, 0.603]; complex: t = 9.321, p < 0.001, 95% CI [0.373, 0.572];
Fig. 3). Moderation effects for environmental volunteering,
citizen science, and community gardening were not significant
(Appendix 5).
Table 4. Kruskall-Wallis tests (H) assessing differences in
frequency of participation in four nature-based pro-biodiversity
behaviors (PBB) across concepts of nature categories (n = 3012).
Kruskall-Wallis test

Concepts of
nature
category

Mean
rank

Environmental
volunteering

H (3) = 27.973, p < 0.001

Citizen science

H (3) = 26.042, p < 0.001

Picking up litter

H (3) = 20.293, p < 0.001

Community
gardening

H (3) = 30.224, p < 0.001

Descriptive
Normative
Experiential
Complex
Descriptive
Normative
Experiential
Complex
Descriptive
Normative
Experiential
Complex
Descriptive
Normative
Experiential
Complex

1480.368
1583.936
1883.005
1529.299
1480.882
1690.891
1813.414
1530.342
1472.856
1692.873
1768.568
1569.458
1485.840
1686.709
1858.295
1503.232

DISCUSSION
This research sought to investigate and statistically categorize
concepts of nature, consider differences in CN scores and
participation in nature-based PBB across concepts of nature

categories, and investigate concepts of nature as a potential
moderator of the CN-PBB relationship. MDS results revealed
three broad categories of concepts of nature: descriptive,
normative, and experiential. The descriptive category (e.g., flora,
waterways, outdoors) broadly represents elements within nature.
The normative category (e.g., protection, balance, life) represents
ideas of nature as precious and needing protection, of living
things, and of systems in balance. The experiential category (e.g.,
activities in nature, beauty, tranquility) represents different ways
of encountering and appreciating nature, including via activities
such as camping, emotions such as wonder, or enjoyment of
beauty, peacefulness, or sounds within nature. The complex
category (e.g., descriptive + normative, descriptive + normative
+ experiential) captures a richer perception of nature that includes
not only elements within nature (descriptive) but also reflection
on emotional experiences of nature (experiential), aesthetic
appreciation of nature (experiential), beliefs about the fragility
and importance of nature (normative), and/or awareness of
natural cycles and systems (normative).
The vast majority of respondents described nature in descriptive
terms, with comparatively fewer respondents using terms
categorized into the normative, experiential, or complex
categories. These results, broadly consistent with previous
literature (Mausner 1996, van den Born et al. 2001, Keulartz et
al. 2004, Buijs and Elands 2013, Taylor 2019), suggest that most
people in this sample think about nature relative to elements
within nature, as well as attributes (e.g., green), processes (e.g.,
seasons), and types of nature (e.g., parks).
In contrast to previous findings (Mausner 1996, Buijs and Elands
2013), the present results indicated that the "natural" theme,
encompassing ideas of nature as untouched, uninhabited, or
pristine, appeared closer to the descriptive category than to the
normative category. This suggests that for these participants,
descriptive features of nature may be more commonly thought of
in their pure or original form and devoid of human influence. It
has been argued that conceptualizations of nature as external to
and not including humans, common in industrialized societies,
may be contributing to disconnection from nature and ongoing
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environmental destruction (Clayton and Opotow 2003, Vining et
al. 2008, Zylstra et al. 2014, Andrews 2018). Thus, the current
results suggest that strategies to reduce perceptions of humans as
separate from nature may be useful for increasing CN and
addressing sustainability outcomes, such as increasing PBB.
Comparison of CN scores across concepts of nature categories
suggested that CN scores (total and dimensions) tended to be
higher among participants who described nature in experiential
or more complex terms, than those who described nature in
descriptive terms. These findings are consistent with MenaGarcía et al. (2020) who reported higher CN scores among people
who described aesthetic appreciation of nature, sensory
experiences, and feelings of wellbeing. As a multidimensional
construct, CN encompasses identity, experiential, and
philosophical dimensions relative to one's relationship with the
natural world that includes thoughts, emotions, and behaviors
(Hatty et al. 2020). The descriptive concepts of nature category
represent a predominantly cognitive perspective of nature, thus
people who consider nature in purely descriptive terms may also
perceive their relationship with nature from a more superficial
perspective (e.g., primarily thoughts). Those who describe nature
in richer terms (experiential or complex concepts of nature), in
contrast, may see their relationship with nature from a more
multifaceted or meaningful (e.g., philosophical) perspective.
In addition, scores on the CN-Identity dimension were higher
among those who described nature in normative terms than those
who described nature in descriptive terms. CN-Identity
encompasses "self-perception as someone who feels emotionally
connected to nature and who behaves in such a way as to protect
nature" (Hatty et al. 2020: 10). Thus, people who perceive
themselves as having a stronger emotional connection to nature
and engage in behaviors that protect nature (higher CN-Identity)
are perhaps more likely to think about nature as living systems in
balance that need protection, ideas that are represented by the
normative concept of nature category. Together, these findings
suggest a relationship between how people think about nature
and their connection to it (Andrews 2018, Coscieme et al. 2020).
Recently, Richardson and colleagues (Lumber et al. 2017,
Richardson et al. 2020a) proposed that CN may be enhanced
through five pathways - sensory contact, emotion, beauty,
meaning, and compassion. The first three pathways involve active
engagement with nature, through the senses, through emotions
such as awe and wonder, and through appreciation of nature's
beauty; ideas that broadly overlap with the experiential concepts
of nature category described above. Further, the latter two
pathways, encompassing reflection on the meaning of nature and
actions that protect or enhance nature, are represented in the
experiential and complex concepts of nature categories. Thus, the
present findings support the pathways model (Lumber et al. 2017,
Richardson et al. 2020a) and suggest that interventions intended
to enhance CN may benefit from portraying nature in experiential
and more complex terms.
Results also revealed associations between participation in
nature-based PBB and concepts of nature category. Participants
who described nature in experiential terms were more likely to
have participated in the four nature-based PBB than those who
used descriptive terms. Further, participants who described

nature in experiential terms participated in environmental
volunteering, citizen science, and community gardening more
often than those who described nature in complex terms. While
the cross-sectional design prevents inference of causality, it is
possible that experiencing nature through PBB triggers reflection
of nature relative to experiential characteristics including positive
emotional experience, aesthetic appreciation, or beauty. Equally,
people who consider nature in such terms may be more likely to
want to spend time in it, perhaps through nature-based PBB.
Indeed, citizen science (Cosquer et al. 2012), gardening (Diduck
et al. 2019), and PEB generally (Alcock et al. 2020) have been
associated with greater appreciation of nature, while positive
emotions (enjoyment of the activity, love of nature), being
outside, and relaxation have been identified as important
motivations for participating in environmental volunteering and
community gardening (Asah et al. 2014, Kingsley et al. 2019,
Ganzevoort and van den Born 2020, Maund et al. 2020).
Results of moderation analyses suggested that the relationship
between CN and picking up litter differed across concepts of
nature categories. Among those who described nature in
experiential terms, increase in CN did not lead to greater
frequency of picking up litter. In contrast, for those who described
nature in descriptive or more complex terms, increase in CN score
was positively associated with increased frequency of picking up
litter. Thus, for those who consider nature in terms of activities
in nature, peacefulness, or positive emotions (experiential
concepts of nature), picking up litter may be a behavior they are
likely to do, or perhaps have more opportunity to do, independent
of the level of CN. Yet, for those who consider nature in
descriptive or more complex terms, enhancing one's relationship
with nature (CN) may subsequently increase the likelihood or
frequency of the behavior.
Contrary to expectations, concepts of nature did not moderate
the relationships between CN and environmental volunteering,
citizen science, or community gardening (Appendix 5). In contrast
to environmental volunteering, citizen science, or community
gardening, picking up litter is a relatively quick and simple
behavior that provides immediate feedback and has been
associated with personal and social norms (The Behavioural
Insights Team 2014, Gould et al. 2016) - it may therefore be a
behavior that is generally more likely to occur. Further, while
previous research has demonstrated associations between CN and
environmental volunteering (Guiney and Oberhauser 2010),
citizen science (Chase and Levine 2017), and gardening practices
(Hamlin and Richardson 2021), the current findings suggest that
the pathways linking these constructs are likely more intricate
than a simple moderation via concepts of nature. Exploring other
potential moderators and/or mediators of the CN-PBB
relationship(s) could be a useful avenue for future research.
Implications for conservation policy
Understanding how people experience, know, and describe nature
provides a platform for policymakers to engage the public in, and
enable more effective communication about, conservation issues
(Buijs et al. 2008, Buijs 2009). This research demonstrates an
association between how people think about nature and how they
relate to it, including their connection with nature and behaviors
toward its protection (Mausner 1996, Buijs et al. 2008). Thus, a
change in language used to describe nature could play a role in
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shifting attitudes and beliefs about conservation (Ives et al. 2019).
Policies and campaigns using language that emphasizes
experiential and more complex concepts of nature, including
activities in nature, positive emotional experiences, and the beauty
and tranquility of nature, could help to shift beliefs about one's
relationship with nature (CN) and encourage more experiences
of nature, including through nature-based PBB.
Policies and programs that encourage personal reflection on one's
experiences of nature could be useful for not only attracting
people to spend more time in nature but also positively influencing
their connection to it. Recent research indicates that the quality
of nature experiences, that is, what people do while they're in
nature, is a more important predictor of CN and PBB than merely
spending time in nature (Colléony et al. 2020a, Richardson et al.
2020b). Interventions that encourage people to actively engage
with nature, via simple activities such as smelling flowers
(Richardson et al. 2016, 2020b, Richardson and McEwan 2018)
or noticing good things in nature (Richardson and Sheffield
2017), have demonstrated potential in this regard. Prompts
(Colléony et al. 2020b) and smartphone apps (McEwan et al.
2019, Cameron et al. 2020) can also encourage more active
engagement with nature.
Another important policy consideration relates to how natural
spaces are designed. Policies should promote the design and
development of spaces that encourage cognitive, emotional, and
psychomotor interaction with nature, through activities such as
tree planting, urban agriculture, or other collective actions (Amel
et al. 2017, Lin et al. 2018, Whitburn et al. 2019b, Colding et al.
2020). Interactive and multisensory immersion exhibits, common
in zoos and aquaria, can also encourage reflection about nature
relative to experiential concepts of nature, as well as increase CN
and PEB intentions (Pennisi et al. 2017, Pan et al. 2020). Thus,
well-designed natural spaces could encourage people to reflect on
their experiences of nature, including emotional responses to
nature, and to incorporate these experiences to develop richer
concepts of nature, which may, in turn, result in positive
conservation outcomes (Levé et al. 2019).
Limitations and future research
A key limitation of this study relates to the lack of exploration
of how concepts of nature may differ across different population
groups. Buijs and Elands (2013), for example, found that
environmental professionals were more likely to endorse
normative concepts of nature than lay people, although such
differences could not be tested with the current sample due to the
relatively low number (2.492%, n = 77) of people working in the
environment sector. Further, evidence suggests that concepts of
nature differ across ethnic/cultural groups (Kloek et al. 2018), as
well as across language groups (Zent 2015, Coscieme et al. 2020).
Within the current sample, 11.327% (n = 350) of participants
spoke a language other than English at home, yet the sample size
was too small to detect meaningful differences in concepts of
nature categories across language groups (Appendix 6). Thus,
while the present study presents a preliminary exploration of
concepts of nature across a sample of English-speakers in
Australia, future research is needed to explore how concepts of
nature may relate to CN and nature-based PBB across different
ethnic, cultural, and language groups. In addition, researchers
have identified different types of human–nature relationships,

each with different patterns of thoughts, emotions, and behaviors
in relation to nature (e.g., Flint et al. 2013, MacDonald et al. 2019,
Marais-Potgieter and Thatcher 2020). Further research is also
needed to determine how typologies of human–nature
relationships could be applied to understanding concepts of
nature.
From a methodological perspective, the assumption that the four
PBB involved direct experience of nature may be misguided.
Citizen science, for example, may involve online activities (e.g.,
Waldispühl et al. 2020), thus future research may benefit from
more refined measures of nature-based PBB. Another
methodological limitation relates to the investigation of aggregate
CN score as the antecedent for PBBs. Evidence suggests that
different CN dimensions may have different relationships with
some PBB (Hatty et al. 2020), indicating that further exploration
of CN dimensions as antecedent PBBs is warranted. Further, the
relationship between CN and PBB is likely reciprocal (Richardson
and Hamlin 2021), thus future research should investigate CN
and PBB as both antecedent (X) and consequent (Y) in
moderation/mediation analyses.
An additional area for future research relates to thoughts people
have about different types of nature. The present study defined
"nature" in a generic form, yet there are many different types of
natural spaces, including domestic and urban nature, zoos and
other "managed" nature, as well as protected areas such as
national parks (Clayton and Myers 2009, Frumkin et al. 2016,
Keniger et al. 2013). Similarly, concepts of nature may be context
specific, in that "nature" in a highly built city such as Hong Kong
is likely different from nature experienced in less built areas
(Sobko et al. 2018, Chawla 2020). Understanding what comes to
mind when people think about these different contexts or types
of nature could reveal important variations in how people relate
to, connect with, spend time in, and behave toward different types
of natural spaces.
CONCLUSION
Understanding human relationships with nature is increasingly
being recognized as an important mechanism for addressing
conservation challenges. This research suggests that how people
perceive, understand, and describe nature relates to their
thoughts, emotions, and behaviors about and toward the natural
world. Inspiring people to think about nature in richer terms could
play a useful role in addressing not only the ongoing disconnect
from nature that is prevalent across many developed countries,
but also encouraging behaviors that protect the natural
environment.
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APPENDIX 1: Questionnaire
Demographics
Please specify your age:
1. __________ years
Please specify your gender:
1. Female
2. Male
3. Other (specify): _____________
And what is the postcode of your main residence? ___________
Nature definition
What comes to mind when you think of ‘nature’? Please describe in your own words.
___________

-------------------------------------------------PAGE BREAK--------------------------------------------In this survey, we would like you to think about nature as everything that is not made by
humans. This includes all the animals, plants, and vegetation in land and water habitats,
located in urban and rural areas, and including highly modified landscapes through to
pristine wilderness areas on land and in the water.

Connection with nature †
Please rate the extent to which you agree or disagree with the following statements:
Strongly
disagree
(1)

1. I think of myself as an ‘environmentalist’
2. I think of myself as someone who is very
concerned about taking care of nature
3. Protecting nature is an important part of who I am
4. My relationship to nature is a big part of how I
think about myself
5. I feel uneasy if I am away from nature for too
long
6. I feel right at home when I am in nature
7. Feeling connected to nature helps me deal with
everyday stress
8. I feel a strong emotional connection to nature
9. I enjoy spending time in nature
10. I like to get outdoors whenever I get the chance
11. Being in nature allows me to do the things I
like doing most
12. Getting away on an overnight trip in nature is
something I do as often as I can
13. Forests are valuable mostly because they produce
wood products, jobs and income for people
14. Meeting the needs of people requires sacrificing
some natural areas
15. In order to provide us with the goods and services
we need we can’t avoid nature being degraded.
16. Natural areas are important to people because we
use them for recreation
17. My connection to nature is something I would
describe as “spiritual”
18. Everything in nature is connected (e.g.
animals, plants, humans, water, air, land, fire,
etc.)
19. Human beings and nature are connected by
the same ‘energy’ or ‘life-force’
20. Human wellbeing depends upon living in
harmony with nature
†

Items included in the CN-12 are in bold

(2)

(3)

Neither
agree
nor
disagree
(4)

(5)

(6)

Strongly
agree
(7)

Pro-environmental behaviour
In the last year, how often have you done each of the following activities?
Never
(1)

1. Controlled the movements of your
pets to keep them away from native
birds and animals i.e. keep my cat
inside at night
2. Chosen native plant species when
planting/gardening
3. Reduced energy use (e.g.
electricity/gas) in the home
4. Chosen sustainable seafood
5. Used public transport rather than
driving
6. Volunteered time for activities that
take care of the environment (e.g.
planting trees, clearing weeds)
7. Collected information on the natural
environment for scientific projects
or databases (citizen science)
8. Donated money to organisations that
take care of the environment
9. Advocated for the environment (by,
for example, contacting businesses or
politicians about environmental issues,
signing pro-environment petitions,
attending rallies etc.)
10. Cleaned up litter in a public space,
park or forest
11. Been involved in a local community
garden or community composting
activity

Rarely
(2)

Sometimes
(3)

Often
(4)

Always
(5)

APPENDIX 2: Sample responses and initial coding themes for the question What comes to
mind when you think about nature?
Coding themes (round 1 coding)

Sample responses

Flora, plants, shrubs, bushes

The
environment
-- flora and
fauna,
landscape,
seas, rivers.
1

the wetlands
& walking
tracks in my
local area

Greenery
fresh air

Forest

Trees
Bush, bushland, forest, woods,
woodlands, rainforest

1

Parks, national parks, marine parks,
reserves
Gardens, urban parks
Grass, grasslands, lawns
Vegetation, foliage, leaves
Flowers, flowering plants
Native, local, endemic, indigenous
Fauna, animals, wildlife, wild
animals, water creatures, marine life

1

Birds
Insects
Fish
People, humans
Wilderness, wild, not domesticated
Outdoors, outside
Air, fresh air, oxygen, clean air
Water, clean water, running water

1

Coding themes (round 1 coding)

Waterways and bodies of water
(rivers, lakes, waterfalls, streams,
wetlands)

Sample responses
The
environment
-- flora and
fauna,
landscape,
seas, rivers.
1

Ocean, seas, coast, beach, mangroves

1

Land, plains, fields, paddocks,
mountains, hills, valleys, landscape,
scenery, views

1

the wetlands
& walking
tracks in my
local area
1

Greenery
fresh air

Desert, outback
Environment, surroundings,
topography
Rural, regional, out of the city, nonurban, countryside, the country
Open spaces, space, spacious
Habitat
Green, greenery, green space
Beauty, elegance
Tranquility, peacefulness, solace,
calm, relaxed, quiet, serenity
Solitude, few people, no people
Balance, in harmony, natural cycles
and systems, interconnectivity
positive emotions (awe, wonder,
happiness, enjoyment, fulfilment,
fun)
negative emotions (boredom, dead,
sickness, distress)

1

Forest

Coding themes (round 1 coding)

Sample responses
The
environment
-- flora and
fauna,
landscape,
seas, rivers.

the wetlands
& walking
tracks in my
local area

vast, huge, unpredictable, lethal,
rugged, uncontrollable, powerful,
unknown, expansive
spiritual phenomena (e.g. Gods
creation, Mother nature, essence)
what keeps us alive, important,
necessary, precious, our future
Life, living things, growth
Nature, everything, total, whole
Natural, original, untouched,
undisturbed, unspoiled, fresh, raw,
pure, clean, pristine, organic, real
Not human, not touched by humans,
not controlled by humans, not
produced by humans, not controlled
by humans, undeveloped/uninhabited
by humans (specific reference to
humans and the impacts of human
activities)
Specific location (e.g. Tasmania,
Africa, Great Ocean Road)
Sky, blue sky, stars, clouds
Earth, world, planet, products of
earth, dirt, sand, soil, rocks, geology.
Also universe, atmosphere
Weather or climate related (snow,
rain, sun, sunshine, wind), seasons,
sunsets
Local place, where I live, where we
live, my back yard, my garden

1

Greenery
fresh air

Forest

Coding themes (round 1 coding)

Sample responses
The
environment
-- flora and
fauna,
landscape,
seas, rivers.

Activities and related (e.g. walking
tracks, bush walking, hiking,
camping, gardening; also exploring,
play, adventure, visit)
Human characteristics
In need of protection, conservation,
respect, conservation issues,
sustainability, human impacts, also
conservationists, landcare
climate change, natural disasters
Free, freedom
Health, healthy, flourishing, thriving,
wellbeing (human or environmental)
Aesthetic qualities (e.g. color, smells,
sounds)
Evolution
Ecosystems, biodiversity, ecological,
the laws of nature, biological
The journal
Food and related
Natural resources, minerals
Waste, pollution, recycling
Energy related
Human endeavors (science, history,
art, culture, nature vs nurture)
Nudity, simplicity

the wetlands
& walking
tracks in my
local area
1

Greenery
fresh air

Forest

APPENDIX 3: Data screening
Table A3.1 Descriptive statistics for connection with nature (CN) variables, by concept of
nature category (n = 2975) †.

CN-12
total score

CN-12
identity
dimension

CN-12
experience
dimension

CN-12
philosophy
dimension

†

Concept of
nature
category

n

m
(95% CI)

SD

Skewness
(SE)

Kurtosis
(SE)

Descriptive

2226

0.98

-0.15 (0.05)

-0.52 (0.10)

Normative

55

0.99

-0.43 (0.32)

-0.97 (0.63)

Experiential

110

0.85

-0.31 (0.23)

-0.28 (0.46)

Complex

584

0.87

-0.40 (0.10)

-0.22 (0.20)

Descriptive

2226

1.22

-0.16 (0.05)

-0.28 (0.10)

Normative

55

1.13

-0.28 (0.32)

-0.94 (0.63)

Experiential

110

0.98

-0.06 (0.23)

-0.38 (0.46)

Complex

584

1.11

-0.38 (0.10)

-0.16 (0.20)

Descriptive

2226

1.06

-0.35 (0.05)

-0.25 (0.10)

Normative

55

0.98

-0.32 (0.32)

-0.99 (0.63)

Experiential

110

0.92

-0.60 (0.23)

-0.06 (0.46)

Complex

584

0.94

-0.55 (0.10)

0.14 (0.20)

Descriptive

2226

1.01

-0.48 (0.05)

-0.30 (0.10)

Normative

55

1.20

-0.82 (0.32)

-0.39 (0.63)

Experiential

110

0.96

-0.84 (0.23)

0.42 (0.46)

Complex

584

5.19
(5.15, 5.23)
5.47
(5.20, 5.73)
5.67
(5.51, 5.83)
5.53
(5.45, 5.60)
4.73
(4.68, 4.78)
5.19
(4.89, 5.50)
5.35
(5.17, 5.53)
5.10
(5.01, 5.19)
5.30
(5.26, 5.34)
5.49
(5.22, 5.75)
5.75
(5.58, 5.93)
5.63
(5.55, 5.71)
5.63
(5.58, 5.67)
5.79
(5.47, 6.12)
5.95
(5.76, 6.13)
5.92
(5.85, 5.99)

0.89

-0.83 (0.10)

0.66 (0.20)

n = 42 outliers removed; n = 78 mentioned none of the concepts of nature categories
m = mean; CI = confidence interval; SD = standard deviation; SE = standard error

Table A3.2 Levene's test of homogeneity of variances for connection with nature scores
(CN-12: total and dimensions).

CN-12
total score

CN-12
identity dimension

CN-12
experience
dimension

CN-12
philosophy
dimension

Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed
mean
Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed
mean
Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed
mean
Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed
mean

df = degrees of freedom

Levene
statistic
7.167
6.764
6.764

df1
3
3
3

df2
2971
2971
2948.794

p
< 0.000
< 0.000
< 0.000

7.135

3

2971

< 0.000

3.886
3.948
3.948

3
3
3

2971
2971
2947.946

0.009
0.008
0.008

3.783

3

2971

0.010

5.524
5.454
5.454

3
3
3

2971
2971
2951.833

0.001
0.001
0.001

5.462

3

2971

0.001

9.481
9.078
9.078

3
3
3

2971
2971
2946.684

< 0.000
< 0.000
< 0.000

9.384

3

2971

< 0.000

Table A3.3 Descriptive statistics and Shapiro-Wilk test of normality (W) for the four naturebased pro-biodiversity behaviors (n = 3012)†

Volunteering
W (3012) =
0.770, p < 0.001

Citizen science
W (3012) =
0.667, p < 0.001

Picking up litter
W (3012) =
0.907, p < 0.001

Community
gardening

Mean
(95% CI)

Median

SD

Var.

Skewness
(SE)

Kurtosis
(SE)

1.797
(1.762, 1.833)

1.000

1.000

0.999

1.126
(0.045)

0.535
(0.089)

1.599
(1.564, 1.633)

1.000

0.963

0.928

1.590
(0.045)

1.778
(0.089)

2.697
(2.655, 2.739)

3.000

1.168

1.364

0.150
(0.045)

-0.743
(0.089)

1.594
(1.560, 1.628)

1.000

0.952

0.906

1.583
(0.045)

1.734
(0.089)

W (3012) =
0.669, p < 0.001
†

n = 78 excluded due to mentioning none of the concepts of nature categories
CI = confidence interval; SD = standard deviation; Var. = variance; SE = standard error

APPENDIX 4: Games-Howell post-hoc tests comparing connection with nature scores
(CN-12: total and dimensions) across concepts of nature categories (n = 2975) †
Concepts of nature
category
CN-12
total score

SE

p

95% CI

Descriptive

Normative
Experience
Complex

-0.274
-0.476
-0.335

0.135
0.084
0.042

0.188
< 0.000
0.000

Lower
Bound
-0.631
-0.694
-0.442

Normative

Descriptive
Experience
Complex
Descriptive

0.274
-0.202
-0.061
0.476

0.135
0.156
0.138
0.084

0.188
0.571
0.972
< 0.000

-0.083
-0.610
-0.425
0.258

0.631
0.207
0.304
0.694

Normative
Complex
Descriptive
Normative
Experience
Normative
Experience

0.202
0.141
0.335
0.061
-0.141
-0.463
-0.622

0.156
0.089
0.042
0.138
0.089
0.154
0.097

0.571
0.388
< 0.000
0.972
0.388
0.020
< 0.000

-0.207
-0.089
0.228
-0.304
-0.371
-0.870
-0.874

0.610
0.371
0.442
0.425
0.089
-0.055
-0.370

Complex
Descriptive
Experience
Complex
Descriptive
Normative
Complex
Descriptive
Normative
Experience

-0.371
0.463
-0.159
0.092
0.622
0.159
0.251
0.371
-0.092
-0.251

0.053
0.154
0.178
0.159
0.097
0.178
0.104
0.053
0.159
0.104

< 0.000
0.020
0.809
0.939
< 0.000
0.809
0.079
< 0.000
0.939
0.079

-0.507
0.055
-0.625
-0.327
0.370
-0.307
-0.019
0.235
-0.510
-0.521

-0.235
0.870
0.307
0.510
0.874
0.625
0.521
0.507
0.327
0.019

Experience

Complex

CN-12
identity
dimension

Mean
Diff.

Descriptive

Normative

Experience

Complex

Upper
Bound
0.083
-0.258
-0.228

(continued over)

Concepts of nature
category
CN-12
experience
dimension

Descriptive

Normative

Experience

Complex

CN-12
philosophy
dimension

Descriptive

Normative

Experience

Complex

†

Mean
Diff.

SE

Normative
Experience
Complex
Descriptive
Experience
Complex
Descriptive
Normative
Complex
Descriptive
Normative
Experience
Normative
Experience
Complex
Descriptive
Experience
Complex
Descriptive

-0.188
-0.453
-0.329
0.188
-0.265
-0.141
0.453
0.265
0.124
0.329
0.141
-0.124
-0.168
-0.319
-0.296
0.168
-0.152
-0.128
0.319

0.135
0.091
0.045
0.135
0.159
0.138
0.091
0.159
0.096
0.045
0.138
0.096
0.163
0.094
0.042
0.163
0.186
0.166
0.094

Normative
Complex
Descriptive
Normative
Experience

0.152
0.023
0.296
0.128
-0.023

0.186
0.098
0.042
0.166
0.098

p

95% CI

0.509
< 0.000
<0.000
0.509
0.346
0.737
< 0.000
0.346
0.571
< 0.000
0.737
0.571
0.734
0.005
< 0.000
0.734
0.847
0.866
0.005

Lower
Bound
-0.544
-0.689
-0.445
-0.169
-0.681
-0.506
0.217
-0.150
-0.126
0.213
-0.223
-0.374
-0.600
-0.564
-0.406
-0.265
-0.638
-0.567
0.075

Upper
Bound
0.169
-0.217
-0.213
0.544
0.150
0.223
0.689
0.681
0.374
0.445
0.506
0.126
0.265
-0.075
-0.187
0.600
0.335
0.310
0.564

0.847
0.995
< 0.000
0.866
0.995

-0.335
-0.233
0.187
-0.310
-0.279

0.638
0.279
0.406
0.567
0.233

n = 42 outliers removed; n = 78 mentioned none of the concepts of nature categories
SE = standard error; CI = confidence interval

APPENDIX 5: Moderation analyses
Table A5.1 Regression models estimating frequency of participating in each nature-based
pro-biodiversity behavior (Y) from connection with nature (X) and concepts of nature (W)
after mean centering connection with nature (n = 3012).
Coefficient
SE
t
p
Constant
2.183
0.102
21.318
< 0.001
CN
0.190
0.108
1.759
0.079
W1
-0.323
0.168
-1.927
0.054
W2
-0.390
0.104
-3.733
< 0.001
W3
-0.454
0.110
-4.114
< 0.001
CN x W1
0.031
0.171
0.180
0.857
CN x W2
0.067
0.110
0.610
0.542
CN x W3
0.116
0.117
0.997
0.319
Citizen science
Constant
1.905
0.100
18.971
< 0.001
R2 = 0.047, MSE = 0.887
CN
0.245
0.106
2.312
0.021
F (7, 3004) = 21.027, p < 0.001
W1
-0.157
0.164
-0.955
0.340
W2
-0.320
0.102
-3.123
0.002
W3
-0.341
0.108
-3.151
0.002
CN x W1
-0.094
0.167
-0.559
0.576
CN x W2
-0.065
0.108
-0.607
0.544
CN x W3
-0.029
0.115
-0.250
0.802
Picking up litter
Constant
3.030
0.117
25.918
< 0.001
R2 = 0.121, MSE = 1.201
CN
0.058
0.123
0.471
0.638
F (7, 3004) = 59.294, p < 0.001
W1
-0.153
0.191
-0.799
0.424
W2
-0.344
0.119
-2.884
0.004
W3
-0.366
0.126
-2.904
0.004
CN x W1
0.249
0.195
1.279
0.201
CN x W2
0.325
0.125
2.589
0.010
CN x W3
0.414
0.133
3.103
0.002
Community gardening
Constant
2.015
0.099
20.256
< 0.001
R2 = 0.042, MSE = 0.870
CN
0.115
0.105
1.097
0.273
F (7, 3004) = 18.970, p < 0.001
W1
-0.278
0.163
-1.708
0.088
W2
-0.433
0.101
-4.270
< 0.001
W3
-0.463
0.107
-4.313
< 0.001
CN x W1
-0.075
0.166
-0.455
0.649
CN x W2
0.055
0.107
0.513
0.608
CN x W3
0.068
0.114
0.603
0.546
CN = connection with nature; SE = standard error; W1 = normative concepts of nature
category; W2 = descriptive concepts of nature category; W3 = complex concepts of nature
category; Reference group: experiential concepts of nature category
Environmental volunteering
R2 = 0.080, MSE = 0.922
F (7, 3004) = 37.088, p < 0.001

Figure A5.1 Visual representation of the relationship between connection with nature (X)
and frequency of participating in environmental volunteering (Y) as a function of concepts of
nature (n = 3012). The moderation effect of concepts of nature was not significant (see Table
A5.1).
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Figure A5.2 Visual representation of the relationship between connection with nature (X)
and frequency of participating in citizen science (Y) as a function of concepts of nature
(n = 3012). The moderation effect of concepts of nature was not significant (see Table A5.1).
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Figure A5.3 Visual representation of the relationship between connection with nature (X)
and frequency of participating in community gardening (Y) as a function of concepts of
nature (n = 3012). The moderation effect of concepts of nature was not significant (see Table
A5.1).
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APPENDIX 6: Number of participants speaking a language other than English at home by
concepts of nature categories (n = 288) †
Language (other
than English)

Concepts of nature category
Descriptive
Normative
Experience
Arabic
3
Cantonese
14
1
Croatian
4
French
1
3
German
1
1
Greek
17
1
1
Hindi
1
3
5
Indonesian
4
Italian
11
1
Japanese
6
Khmer
2
Macedonian
4
Malayalam
6
1
Maltese
4
Mandarin Chinese
33
2
Polish
6
1
Russian
4
Serbian
4
Sinhalese
4
1
Tagalog
6
Urdu
6
Vietnamese
16
Other
36
3
6
†
n = 62 mentioned none of the concepts of nature categories

Complex
1
9
3
3
3
3
7
7
2
2
1
1
3
2

2
6
10

