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A B S T R A C T

Urbanization threatens biodiversity and people’s opportunities to interact with nature. This progressive dis-
connection from the natural world is profoundly concerning as it affects human health, wellbeing, attitudes and
behaviors towards nature. Increasing the quantity of experiences of nature (EoN) can enhance health and
wellbeing benefits, but it remains unclear whether it can also affect environmental attitudes across different
countries. Here, we conducted a cross-cultural survey among 741 people from France, Israel and the UK, who
either own a dog (and thus prone to go outdoors to walk their dog), a cat, or no pet. This setting was used as a
quasi-experiment to explore the relationships between EoN, nature relatedness, environmental knowledge and
attitudes. Our results confirmed that dog-owners have a higher quantity of EoN. However, we found that al-
though dog-ownership was associated with people’s relatedness to nature, the increased quantity of EoN did not
correlate with environmental knowledge or attitudes. Thus, increasing the quantity of EoN may not be sufficient
for mitigating the effects of the extinction of experience and consequently a more profound understanding of the
quality of EoN and the means to enhance it are needed. This knowledge is crucial to help landscape planners
provide accessible and suitably designed green spaces that can foster meaningful interactions with nature, for
instance through specific gardening practices or creative design.

1. Introduction

Species extinctions are continuing at alarming rates (Rands et al.,
2010), and human activity is largely driving this crisis (Cardinale et al.,
2012). Solutions therefore lie in changing people’s attitudes and be-
haviors towards the natural environment (Keniger, Gaston, Irvine, &
Fuller, 2013), but the same processes that threaten biodiversity (e.g.
urbanization; Seto, Güneralp, & Hutyra, 2012) also increasingly sepa-
rate people from the natural world (Soga & Gaston, 2016). This is
profoundly concerning since mounting empirical evidence demon-
strates that experiences of nature (EoN) can provide a wide range of
physiological and psychological benefits to people (Shanahan et al.,
2016). The increasing alienation from nature, so-called ‘extinction of
experience’, is likely to progressively diminish the importance people
assign to the natural world, creating a cycle of impoverishment of EoN
with dramatic consequences in terms of conservation (Soga & Gaston,
2016). Thus, mitigating the extinction of experience is rising as a key
contemporary issue, if we are to advance the conservation agenda
(Miller, 2005). In search of a solution, previous studies advocate for
increasing the quantity of EoN by providing more opportunities for

people to experience nature, especially in urban environments, i.e.
providing more greenspaces or natural features close to where people
live and work (e.g., Miller, 2006; Soga, Gaston, Koyanagi, Kurisu, &
Hanaki, 2016; Soga et al., 2015).

EoN are a central foundation for fostering an individual’s sense of
belonging to the natural world (e.g. nature relatedness; Nisbet,
Zelenski, & Murphy, 2009) and knowledge about it (Bögeholz, 2006),
which in turn can lead to the development of pro-environmental atti-
tudes (Clayton & Myers, 2009). These attitudes in turn can translate
into behavioral intentions and behaviors, although this does not always
hold true as other psycho-social variables mediate this relationship (e.g.
personal moral norms; Bamberg & Möser, 2007). We propose a theo-
retical model linking EoN to pro-environmental behaviors and inspired
from Clayton and Myers (2009; Fig. 1a). To date, most studies that
explore EoN have focused on the impact of EoN during childhood on
environmental attitudes at adulthood. These studies demonstrate that
childhood exposure to nature is a strong predictor of the type of natural
places visited and environmental beliefs and commitment at adulthood
(Colléony, Prévot, Saint Jalme, & Clayton, 2017; Wells & Lekies, 2006).
However, nature relatedness and environmental knowledge develop
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over an individual’s life and not entirely during childhood. Research
exploring the links between current EoN and environmental attitudes
among adults are still scarce and this hinders our ability to plan green
spaces that can reconnect people with conservation issues.

Also, a variety of different measures of human-nature relationships
have been used interchangeably, and although some research have
demonstrated that these measures are highly correlated and concur in
capturing similar concepts (e.g. nature relatedness; Tam, 2013), very
few comparative studies or meta-analyses have been conducted. We are
only aware of one recent meta-analysis used to assess relationship be-
tween mindfulness and connectedness to nature (Schutte & Malouff,
2018). Despite cultural differences in landscape preferences or benefits
people retain from green spaces, cross-cultural surveys are still lacking.
For instance, a study conducted in the Netherlands found that, when
shown different sets of nature images, local Dutch people were strong
supporters of images showing landscapes with no human influence,
while recent immigrants from Turkey and Morocco generally supported
presented images depicting intensively managed landscapes (Buijs,
Elands, & Langers, 2009). A recent multi-continental study also de-
monstrated that the relationship between green spaces and population
health is positive in wealthy countries but negative in poorer ones, and
thus might be context dependent (Amano, Butt, & Peh, 2018). The
extent and type of EoN is thus likely to vary across countries, especially
with differing cultures and could, in turn, differently affect people’s
sense of relatedness to nature, environmental knowledge and attitudes.
The abovementioned shortcomings hinder the ability to understand to
what extent promoting broad policies that aim to increase EoN can also
promote stewardship for the natural environment, beside their apparent
benefits to people’s health and wellbeing (Pett, Shwartz, Irvine,
Dallimer, & Davies, 2016).

One approach that can help to bridge these knowledge gaps is to
identify certain conditions that influence the time people spend out-
doors. Such settings can be used to explore the influence of EoN on
nature relatedness and environmental knowledge and their effect on
environmental attitudes. Pet ownership can represent such a quasi-ex-
perimental setting. Pets are present in many households worldwide and
affective connection to animals has been shown to be positively related
to self-reported pro-environmental behaviors (Grajal et al., 2016). Most
importantly, some pets (e.g. dogs) actively encourage going outdoors
(e.g., Toohey & Rock, 2011), and are thus expected to increase, at least

quantitatively, their owners’ EoN. Dog walking is a frequent greenspace
activity (White et al., 2016), especially within close proximity to the
owner’s home (Elliott, White, Taylor, & Herbert, 2015).

Here, we conducted a cross-cultural survey involving dog-, cat- and
non-pet owners to explore the impact of increased quantity of EoN on
environmental attitudes. Specifically, we aimed to verify our assump-
tion that dog owners have a greater ‘quantity’ of EoN and explore
whether this is in turn positively correlated with nature relatedness,
environmental knowledge and attitudes (Fig. 1b). We used a mixed-
method approach, with an online survey across three countries (i.e.
France, Israel and the UK), that measured respondents’ quantitative
EoN (i.e. the frequency of visits to outdoor spaces), nature relatedness,
environmental knowledge and attitudes, and an experimental study in
dog shelters to measure respondents’ quantitative EoN and nature re-
latedness both before and after adoption of a dog. The cat owners’
group served as a control group for pet owners, as both cats and dogs
are sources of emotional attachment for their owners, but unlike dogs,
cats are not expected to have a strong impact on their owners’ quantity
of EoN.

2. Material and methods

2.1. Study design

2.1.1. Online questionnaire
The survey was administered to participants living in three coun-

tries: two in Europe (France and the UK) and one in the Middle East
(Israel). Studies investigating the topic of the extinction of experience
have mostly been conducted in Anglo-Saxon countries, and we wished
to bridge this gap by including other languages. We hypothesized that
responses would be relatively similar in France and the UK, for cultural
and geographical reasons. Alternatively, we expected different answers
from a middle-Eastern country with rapidly increasing urban popula-
tion. The questionnaire was translated by native speakers from English
to French and Hebrew as appropriate. In each country, we targeted
dog-, cat- and non-pet owners. The questionnaire was piloted in the
three countries in June 2017 using a focus group approach, whereby six
people per country were asked to check for understanding and provide
feedback on the questions. We then distributed the online survey in July
2017 across the three countries using panels of respondents of a market-

Fig. 1. Pathways from experiences of nature to pro-environmental behaviors, based on Clayton and Myers (2009). (a) Experiences of nature are a central foundation
for sense of belonging to the natural world (can be measured through nature relatedness) and knowledge about it, which in turn can lead to stronger pro-en-
vironmental attitudes that can translate into pro-environmental behaviors if triggered. (b) Pathways from experiences of nature to pro-environmental behaviors can
be affected by external factors, such as pets. These pathways are expected to vary between cat and dog owners, as dogs, unlike cats, motivate people to go out more
often. Ultimately, increased pro-environmental attitudes and behaviors could help mitigate direct negative impact of pets on biodiversity. Solid lines represent
hypotheses tested in this study. Dashed lines represent assumptions building on previous research that we do not directly test in this paper. EoN=Experiences of
nature; Connect. Animal=Connection to the animal; Env. Attitudes= Environmental attitudes; Env. Behaviors= Environmental behaviors. “+” indicates a positive
relationship, while “−” indicates a negative one; number of “+” indicates strength of the relationship. Drawings of people and animals were taken from Pixabay
(Creative Commons CC0).
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based company (Qualtrics), which ensured to survey a balanced dis-
tribution of gender, pet owners, age and education levels, within each
country. In return for participation, Qualtrics offered participants to
receive incentives. We sampled 741 people in total, with 258 French,
174 Israeli and 309 UK respondents, from all age categories and edu-
cation levels, but with a slight predominance of urban dwellers than
rural inhabitants (more than 60% of respondents within each country;
see Table A1).

2.1.2. Dog shelter questionnaire
The online survey only allowed us to determine whether dog owners

have a greater quantity of EoN and perhaps greater nature relatedness,
without providing more information on the direction of the relation-
ship. In an attempt to explore the causal link between owning a dog and
both EoN and nature relatedness, we surveyed people adopting a dog
twice: at the moment of adoption and two months after adoption. We
recruited seven dog shelters in total, from the three countries and asked
the managers to distribute a reduced version of the online questionnaire
to adoptees and also asked participants to provide their email address,
so that we could contact them for the post survey. Approximately two
months after adoption, we contacted the participants and invited them
to participate in a similar online survey. Dog shelters distributed the
questionnaires from end of June to mid-September 2017. Post-surveys
were sent and completed online in November 2017.

2.2. Questionnaire design

The questionnaire was designed to capture whether respondents
own a pet, as well as their EoN, nature relatedness, environmental
knowledge, environmental attitudes, awareness of the impact of dogs
on biodiversity and socio-demographic variables.

Pet ownership was measured by asking each respondent whether
they owned only a dog(s), only a cat(s), another pet(s) or no pet(s).
Respondents owning ‘another pet(s)’ were screened out during the
survey. Respondents who reported no pet ownership were then asked
whether they previously owned a dog (including during childhood).

To assess EoN, respondents were first asked to report the frequency
of visits during the past month to seven different types of outdoor
places (see Table A2) on a 5-point scale (1: Did not visit last month, 2:
Less than once a week, 3: Once a week, 4: More than once a week, 5:
Everyday), adapted from Schipperijn et al. (2010). For this question, we
did not specify whether the visits were with or without the pet (if re-
levant), and therefore referred to visits to outdoor places in general. Pet
owners were then asked the same question but regarding visits speci-
fically with their pet. Two variables were created to measure EoN: the
frequency of visits was calculated by averaging the seven scores of items
that measured frequency of visit to different outdoor places overall
(Cronbach’s alphas; 0.70 in France and the UK, and 0.60 in Israel). We
also calculated the number of different places participants visited
during the past month overall (i.e. excluding places with a frequency
score of 1), to assess the diversity of outdoor places people visited
(Number of places). Similarly, we measured EoN specifically with the
pet, with frequency of visits with the pet and number of places visited
with the pet.

Nature relatedness was measured using the 6-item Nature
Relatedness scale (NR) (Nisbet & Zelenski, 2013). Each respondent was
asked to rate their level of agreement to each statement on a 5-point
scale, from 1-Strongly disagree to 5-Strongly agree. Based on con-
firmatory factor analyses and satisfactory reliability for the NR scale
across the three countries (Cronbach’s alphas; 0.86 in France, 0.83 in
Israel and 0.87 in the UK), we averaged the scores from the six items of
NR to derive a single measure of Nature Relatedness per individual.

To measure environmental knowledge, we analyzed participants’
ability to identify species (following Dallimer et al., 2012; White,
Eberstein, & Scott, 2018). Although environmental knowledge is mul-
tifaceted, species identification has been acknowledged as a

fundamental component (Pilgrim, Cullen, Smith, & Pretty, 2008). The
progressive disconnection of people from nature, particularly in Wes-
tern countries, is resulting in a loss of environmental knowledge – in-
cluding the ability to identify even the most common species (Miller,
2005; Pilgrim et al., 2008). Since the species is the fundamental unit of
biodiversity, it has been argued that being able to identify at least some
animal and plant species is crucial in the biodiversity understanding
process (Lindemann-Matthies, 2005; Randler, 2008). Following
Dallimer et al. (2012), respondents were shown 12 images of common
bird, butterfly and plant species, and first asked to tick the ones they
recognized. We selected species that were common in most or all of the
three countries, and when it was not possible in one of the countries, we
adapted with another morphologically similar species that is more
common in this country (e.g. for plants: Papaver rhoeas was shown in
France and the UK, Papaver unbonatum in Israel) (see Table A2). Then,
respondents were asked to name the ones they knew (i.e., common
name).

Environmental knowledge was calculated based on the number of
species participants managed to identify correctly. We first attributed a
score of subjective knowledge for each participant based on the number
of species they think they know (i.e. number of species ticked). To make
sure each participant really ticked the species they knew, we then
analyzed identifications of species, and determined each as either cor-
rect, partially correct or incorrect. To score correct, the full common
name had to be given; e.g. great tit. If only the common genus or family
name was correct then it scored partly correct (e.g. tit instead of great
tit), otherwise we classified the answer as incorrect. Spelling was not
penalized as long as the common name could be determined. We
summed the twelve scores per individual to build a score of objective
knowledge. Although subjective knowledge was correlated to objective
knowledge (Pearson’s correlation: df= 437, p < 0.001; r=0.7), par-
ticipants’ knowledge was actually lower than what they indicated. We
retained the score of objective knowledge as a score of Environmental
knowledge for data analysis.

Environmental attitudes were assessed through a 5-item reduced
version (Stern, Dietz, Abel, Guagnano, & Kalof, 1999) of the New
Ecological Paradigm (NEP; Dunlap, Van Liere, Mertig, & Jones, 2000).
Respondents were asked to rate their level of agreement to each
statement on a 5-point scale, from 1-Strongly disagree to 5-Strongly
agree. Based on confirmatory factor analyses and satisfactory reliability
for the NEP scale across the three countries (Cronbach’s alphas; 0.6 in
France and Israel, and 0.7 in the UK), we averaged the scores from the
five items of NEP to derive a single measure of Environmental attitudes
per individual. We also measured whether respondents were aware of
the impact of pets (i.e. dogs and cats) on biodiversity, by asking them
whether they think dogs and cats endanger biodiversity on 5-point
scales, from 1-Strongly disagree to 5-Strongly agree.

Finally, we collected socio-demographic information by asking re-
spondents to indicate the country they currently live in, their gender,
age group, and their highest level of education (Table A1). Because
exposure to nature both during childhood and as an adult is an im-
portant factor of EoN and nature relatedness, we also asked respondents
to report both the level of urbanization of where they currently live
(current urbanization; Table A1) and where they lived during childhood
(childhood urbanization) using a 4-point scale (see Table A2) following
Shwartz, Cheval, Simon, and Julliard (2013).

2.3. Data analyses

To verify the assumption that dog owners go out more often and in
more diverse outdoor places than cat- and non-pet owners, we built two
linear models based on the online survey data. Frequency of visits
(model 1) and number of places (model 2) were used as dependent
variables, and country, pet ownership, current urbanization, childhood
urbanization, and the three socio-demographic variables, as in-
dependent variables. Because the relationship between NR and EoN can
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be bi-directional, we included NR as an independent variable in these
two models. To verify our assumption that dogs are more likely to
encourage owners to spend time outside, in comparison to cats, we
compared the number of dog/cat owners who take their dog/cat out-
side using a chi-squared test. For dog owners, we also explored the
correlation (Pearson) between the overall EoN (frequency of visits and
number of places visited) and the experience of nature variables related
to visits specifically with the dog.

We further explored whether a potential increased quantity of EoN,
through dog ownership, was significantly related to increases in NR
(model 3), environmental knowledge (model 4) and attitude (model 5),
and awareness of the impact of dogs and cats on biodiversity (models 6
and 7, respectively) through five distinct linear models. In these
models, NR, environmental knowledge and attitudes, and awareness of
the impact of dogs and cats on biodiversity were used as dependent
variables, respectively. We included the same independent variables as
in models 1 and 2. Based on our theoretical model (Fig. 1a), we added
NR as an independent variable in models 4–7; we also added environ-
mental knowledge as an independent variable in models 5–7. We in-
cluded all possible interaction effects except those with the socio-de-
mographic variables. All analyses were conducted using R 3.3.3 (R Core
& Team, 2013). We checked the normality assumption by plotting the
residuals and checked for multicollinearity using variance inflation
factors. Post-hoc comparisons were performed for the effects of pet and
country using Tukey HSD tests. We conducted stepwise model selection
based on the Akaike Information Criterion; stepwise deletion was car-
ried out on the basis of non-significant p-values, with largest p-values
and interactions removed first.

Finally, to test our hypothesis that potential increases in EoN and
NR result from owning a dog (and not the other way around), we ran
ANOVAs and post-hoc tests to compare the different groups from the
two surveys: (a) online – dog owner, (b) online – cat owner, (c) online –
non-pet owner, and (d) dog shelter – before adoption. Demonstrating
that group (d) has significantly lowers scores than group (a), and no
significant difference with group (c) would give support to our hy-
pothesis. We also compared frequency of visits and NR for dog shelter
participants, before and after adoption, but did not run any statistical
tests, given the low sample size (see results).

2.4. Ethics statement

Permission for this survey was granted by the Technion Social and
Behavioral Sciences Institutional Review Board (approval number:
2017-45), and the research was performed in accordance with relevant
guidelines and regulations. All participants were provided with a brief
description of the study and gave informed consent for study partici-
pation. All responses were anonymous.

English versions of the surveys can be found in Appendix B.

3. Results

3.1. Dog owners go out more often and in more diverse places

Our results indicate that dog owners visit outdoor places more fre-
quently and more types of outdoor places compared to cat- and non-pet
owners, and that cat owners did not differ from non-pet owners (Fig. 2).
Among pet owners, we found that most cat owners do not take their cat
out, while most dog owners take their dog out (χ2= 258.74,
p < 0.001), confirming that owning dogs motivates people to go out,
while having cats does not. For dog owners, we found that the overall
EoN variables were correlated with frequency of visits and the number
of places specifically visited with dogs (rFreq= 0.68 and rNplaces= 0.72,
respectively). NR was significantly related to the EoN variables, sug-
gesting that respondents who had greater scores of NR reported visiting
more often and more diverse outdoor places (Table 1). French and UK
respondents reported significantly higher frequencies of visits and

number of outdoor places visits than Israeli respondents (Fig. 3). The
relationship between NR and frequency of visits was stronger for French
and UK respondents than for Israeli ones (Table 1; Fig. A1).

3.2. Impact of increased quantity of EoN on NR, environmental knowledge
and attitudes

Based on the online survey, dog owners felt more related to nature
than non-pet owners (N=741; meanNR (SD)= 3.50 (0.05); meanNR
(SD)=3.24 (0.05), respectively), but NR did not differ from cat owners
(meanNR (SD)= 3.50 (0.06); Table 2). French respondents reported
higher scores of NR than Israeli ones, with scores in between for UK
respondents (Fig. 3). Environmental knowledge did not significantly
differ between dog-, cat- and non-pet owners, but was significantly
associated with NR. UK respondents showed stronger environmental
knowledge than French respondents, who also scored significantly
higher than Israeli respondents.

Environmental attitudes were positively associated with environ-
mental knowledge and NR (Table 2). Environmental knowledge was
also positively related to awareness of the impact of dogs/cats on bio-
diversity for UK and Israeli respondents, but these relationships were
negative for French respondents (Table 2; Fig. A1). We did not find any
significant difference for environmental attitudes and awareness of the
impact of dogs on biodiversity between dog-, cat- and non-pet owners.
Cat owners showed lower awareness of the impact of cats on biodi-
versity than dog owners. French respondents reported stronger en-
vironmental attitudes than UK and Israeli respondents, but UK re-
spondents were more aware of the impact of dogs/cats on biodiversity
than French and Israeli respondents (Fig. 3).

3.3. Dogs positively affect EoN and NR

We recruited one dog shelter in France, four in Israel and two in the
UK, and collected 15, 25, and 10 questionnaires, respectively
(Ntot = 50), at adoption (‘before’). We then collected only 12 responses
for the post-survey (‘after’). Comparing the results of the dog shelter
and the online survey revealed that before adoption, respondents had
significantly lower frequency of visits and number of places visited than
dog owners from the online survey (hence, giving support to our hy-
pothesis), but also compared to other respondents from the online
survey (N=791; ANOVAs: F=12.18, p < 0.001 and F=3.92,
p=0.008, respectively). We also found that dog shelter respondents
had significantly higher NR scores than dog-, cat- and non-pet owners
from the online survey (N=791; ANOVA: F=25.07, p < 0.001).
Finally, although the sample size is very low, we found that both fre-
quency of visits and NR increased after adoption of a dog at a shelter
(N= 12; meanFreq_before (SD)= 2.24 (0.78) and meanFreq_after
(SD)= 2.41 (0.64); meanNR_before (SD)= 3.87 (0.77), meanNR_after
(SD)= 3.92 (0.69)).

4. Discussion

The extinction of experience leads to a cycle of impoverishment, in
which people are increasingly alienated from EoN and as a result their
affinity to the natural world and its protection is weakened (Miller,
2005). This cycle may hinder the ability to achieve the required
changes in environmental attitudes and behaviors, and therefore
averting the extinction of experience should be regarded as a major
contemporary conservation objective (Soga & Gaston, 2016). Providing
more green spaces and natural features in cities and encouraging people
to spend time outside are sometimes suggested as means to mitigate this
extinction of experience (e.g., Soga & Gaston, 2016; Soga et al., 2015).
Our results demonstrate that this relationship is not as straightforward
as commonly argued. On the one hand, we verified the theoretical
model suggested by Clayton and Myers (2009; Fig. 1a), demonstrating
that spending more time outdoors in more diverse places can be related
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to connection to nature. The latter was found to be positively related
with both environmental knowledge and attitudes. However, our re-
sults challenge the concept that simply spending more time outside may
be sufficient to affect environmental attitudes (Soga & Gaston, 2016).
Finally, although our cross-cultural study design verified the generality
of the theoretical model we explored, we did find significant cultural
differences in all variables measured. This suggests that people may
connect differently to nature across countries and therefore one-size-
fits-all solutions might not be well-suited for addressing the extinction
of experience.

4.1. One size may not fit all

Only a few studies have explored cultural differences in people’s
EoN and to our knowledge, none have compared sense of belonging to
and knowledge about the natural environment. Franzen and Vogl
(2013) demonstrated that Israeli respondents had lower environmental
concern than French and British citizens. In accordance, we found that
Israeli respondents systematically scored the lowest on all components,

including environmental knowledge and attitudes. Franzen and Vogl
(2013) suggested that differences in wealth can explain the variation in
environmental concern. They argue that wealthy individuals or coun-
tries have fewer economic concerns and are therefore liberated to turn
to other issues, e.g. regarding the environment. The three countries we
studied are all relatively wealthy countries, but unlike France and the
UK, in Israel the geopolitical situation preserves existential concerns
that may marginalize environmental issues. These findings highlight a
concern regarding the ability to promote policies and achieve the be-
havioral change needed to protect biodiversity in Israel, which is often
considered as an ecological hotspot (Brooks et al., 2002) and currently
facing high demographic growth and urban expansion (CBS, 2017).
Cultural differences in green space use could explain the low EoN of
Israeli respondents, as it was demonstrated for Turkey compared to
other Western countries in a previous study (Özgüner, 2011).

Interestingly, French respondents scored higher for nature related-
ness, while UK respondents scored higher on the knowledge aspect.
These results are challenging to interpret, due to the lack of cross-cul-
tural research on the topic. A recent multi-continental study

Fig. 2. Significant variation of (a) frequency
of visits (from 1 Never to 5 Everyday) and
(b) number of places (up to 7), between dog
owners, cat owners and non-pet owners
from the online survey (N=741). Adjusted
means and standard errors from the linear
models are displayed. Significant differences
from the ANOVAs and post-hoc Tukey tests
are shown with different letters: a is sig-
nificantly different from b. Drawings of an-
imals were taken from Pixabay (Creative
Commons CC0).

Table 1
Effect sizes and standard errors of minimum adequate linear models explaining EoN (frequency of visits, number of places) for the online survey (N=741).
Significance levels are shown: *p < 0.05, **p < 0.01, ***p < 0.001. Empty cells are for variables that were omitted during the model selection process. If a variable
was omitted during the model selection process for both models, it was not reported in the table.

1 - Frequency of visits 2 - Number of places

Intercept 0.29 ± 0.07*** −0.08 ± 0.18
Pet Dog (reference) – –

Cat −0.36 ± 0.08*** −0.18 ± 0.08*

No pet −0.45 ± 0.07*** −0.26 ± 0.08**

NR 0.36 ± 0.05*** 0.26 ± 0.05***

Country France (reference) – –
Israel −0.26 ± 0.08*** −0.29 ± 0.09**

UK 0.05 ± 0.07 0.09 ± 0.08
Current urbanization −0.10 ± 0.03**

Age 18–24 (reference) –
25–34 −0.19 ± 0.11
35–44 −0.14 ± 0.11
45–54 −0.51 ± 0.11***

55–64 −0.43 ± 0.12***

65+ −0.35 ± 0.14*

Education Below High School (reference) –
High School 0.39 ± 0.16*

Professional diploma 0.57 ± 017***

First degree 0.61 ± 0.16***

Second degree 0.60 ± 0.18***

Third degree 0.61 ± 0.23**

NR : Country France (reference) –
Israel −0.27 ± 0.08**

UK 0.06 ± 0.07
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Fig. 3. Variation in average scores of experiences of nature (frequency of visits and number of places), nature relatedness, environmental knowledge and en-
vironmental attitudes between France, Israel and the UK, based on the online survey (N=741). Means and standard deviations (in brackets) are given for each
country. Significance levels are shown: *p < 0.05, **p < 0.01, ***p < 0.001, according to Tukey HSD post-hoc tests.

Table 2
Effect sizes and standard errors of minimum adequate linear models explaining NR, environmental knowledge, environmental attitudes (NEP), and awareness of the
impact of dogs and cats on biodiversity, respectively, for the online survey (N=741). Significance levels are shown: *p < 0.05, **p < 0.01, ***p < 0.001. Empty
cells are for variables that were omitted during the model selection process. If a variable was omitted during the model selection process for all models, it was not
reported in the table.

3 - Nature relatedness 4 - Environmental
knowledge

5 - Environmental
attitudes (NEP)

6 - Awareness of the
impact of dogs

7 - Awareness of the
impact of cats

Intercept −0.02 ± 0.18 −0.35 ± 0.09*** 0.26 ± 0.07*** −0.26 ± 0.21 −0.32 ± 0.21
Pet Dog (reference) – –

Cat −0.13 ± 0.09 −0.34 ± 0.11**

No pet −0.51 ± 0.08*** 0.01 ± 0.10
NR Not in model 0.14 ± 0.04*** 0.17 ± 0.04***

Environmental
knowledge

Not in model Not in model 0.38 ± 0.04*** −0.24 ± 0.08** −0.16 ± 0.08*

Country France (reference) – – – – –
Israel −0.25 ± 0.10* −0.24 ± 0.11* −0.12 ± 0.10 −0.15 ± 0.12 0.03 ± 0.12
UK −0.06 ± 0.08 0.43 ± 0.10*** −0.57 ± 0.11*** 0.44 ± 0.11*** 0.68 ± 0.11***

Current urbanization −0.08 ± 0.04*

Age 18–24 (reference) – –
25–34 0.16 ± 0.11 0.04 ± 0.13
35–44 0.40 ± 0.12*** 0.33 ± 0.15*

45–54 0.33 ± 0.12** 0.29 ± 0.14*

55–64 0.17 ± 0.12 0.73 ± 0.13***

65+ 0.29 ± 0.14* 0.84 ± 0.15***

Education Below High School
(reference)

– –

High School −0.03 ± 0.17 −0.08 ± 0.21
Professional
diploma

0.07 ± 0.18 −0.08 ± 0.22

First degree 0.19 ± 0.17 0.11 ± 0.21
Second degree 0.30 ± 0.18 0.30 ± 0.23
Third degree 0.53 ± 0.24* 0.99 ± 0.31**

Knowledge : Country France (reference) – –
Israel 0.27 ± 0.14 0.29 ± 0.14*

UK 0.44 ± 0.10*** 0.33 ± 0.10**
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demonstrated that the relationship between health benefits and green
spaces is not always positive, and that these benefits are context-de-
pendent and vary across countries (Amano et al., 2018). It is therefore
crucial to expand existing research beyond more developed countries
and document cross-cultural differences. We should recall that one size
may not fit all when promoting policies aiming to enhance nature in-
teractions. Governmental agencies and NGOs worldwide should be
aware of these differences and use them when developing conservation
outreach activities: for instance, using more knowledge-related ap-
proaches in England, while focusing more on one’s sense of relatedness
to nature in France. A previous study in France showed that attrac-
tiveness for an animal species influenced people’s choice of which
species to conserve more than its conservation status (Colléony,
Clayton, Couvet, Saint Jalme, & Prévot, 2017). On the other hand, there
is also a need to develop and tailor policies and activities that can
strengthen nature relatedness and/or environmental knowledge, such
as citizen science (Schuttler, Sorensen, Jordan, Cooper, & Shwartz,
2018).

4.2. The conservation role of dogs

The assumption that owning dogs brings people outdoors, more
often and in more diverse places, was corroborated across cultures,
even after accounting for other variables that have been found to in-
fluence EoN in previous studies (i.e. childhood and current urbaniza-
tion, age, education; Shwartz et al., 2013). Owning pets in general and
dogs in particular was also highly correlated to people’s NR (Fig. 1b).
Interestingly, NR of people who were going to or just adopted a dog at a
shelter was significantly higher than all other groups of participants.
This result is in line with Nisbet et al. (2009) who found that people
with high NR scores demonstrated an affiliation with animals, and may
suggest that owning a dog, and to a higher extent the moment of
adopting one, is an activity that enhances sense of connection to nature.
The strong relation between dog-ownership, NR and EoN, highlights the
potential value of owning a dog for conservation.

These results are interesting in the light of recent studies that flag
some negative impacts of dogs on biodiversity (Banks & Bryant, 2007;
Doherty et al., 2017), although it remains relatively undocumented
whether they also have such a negative impact in more poorly-biodi-
verse areas like urban green spaces. Beyond the detrimental ecological
impacts of pets, we show that they can also have some indirect con-
servation benefits, through connection to the natural world and
spending more time outside. It is therefore important to carefully
consider the conservation benefits of pets in general and dogs in par-
ticular, when advocating for policies such as restrictions/bans on dog
walking. Promoting policies and programs that increase awareness of
the impacts of pets on wildlife seems a more appropriate approach,
given the high affinity to nature and the low overall awareness for the
ecological impacts of dogs and cats revealed here and elsewhere
(McDonald, Maclean, Evans, & Hodgson, 2015). This could help dog
owners to be more sensitive to biodiversity conservation, e.g. by
keeping their dog on leash in more sensitive habitats.

4.3. Moving from quantity to quality of EoN

Visiting outdoor places more frequently (through dog ownership)
did not translate directly into greater environmental knowledge or at-
titudes, as we expected (Fig. 1). Dog owners have the responsibility to
take their dogs outdoors, but this activity might not result in a profound
interaction with nature while walking the dog.

The main consequences of the extinction of experience are twofold:
first on human health and wellbeing, and second, on sense of related-
ness to nature and willingness to protect it. It has been shown that even
indirect EoN (e.g. viewing nature images) can have positive effects on
health and wellbeing (Keniger et al., 2013) and particularly that dog
ownership is related to physical activity and health (Christian et al.,

2013). In England, dog walking is the most frequent green space ac-
tivity (White et al., 2016), and most dog walking occurs within 2 miles
of home (Elliott et al., 2015). A recent study demonstrated that in this
country, neighborhood greenspace is related to physical activity, but
only for dog owners (White, Elliott, Wheeler, & Fleming, 2018). A
longitudinal study provided support that dogs may help their owners
remain active across seasons (Lail, McCormack, & Rock, 2011). This
suggests that dog walking can contribute to mitigating the first con-
sequence of the extinction of experience. Public policies forbidding
dogs in public parks in large cities may therefore not be an adequate
solution. For instance, in Paris, most parks are currently forbidden to
dogs (413 out of the 490 in total; www.paris.fr/jardins, accessed De-
cember 11, 2018). Dog owners are important users of local green and
dog walking can help promote public health, through physical activity
(White et al., 2018) and social contacts (Wood et al., 2015; Wood, Giles-
Corti, & Bulsara, 2005). Therefore, more dog-friendly policies regarding
the use of green spaces could help promote public health. Accordingly,
the city of Paris is now in the process of allowing dogs on a leash in all
urban parks (Gairaud, 2018).

Regarding the second main consequence of the extinction of ex-
perience, it appears that dog walking constitutes an incidental EoN (e.g.
crossing a park on the way to work) rather than an intentional EoN (e.g.
going to a park to watch birds) (Keniger et al., 2013). Perhaps this type
of experience is not sufficient to strengthen knowledge and care for
nature. People who walk their dogs may get distracted by many things
(e.g. mobile phones and social interactions) that hinder them from
having meaningful EoN that is needed to mitigate the extinction of
experience. In accordance, Lin, Fuller, Bush, Gaston, and Shanahan
(2014) previously showed that NR is a much stronger driver for EoN
than opportunity, i.e. access to green places/nature. Another study
demonstrated that experiencing more complex nature during childhood
is more likely to trigger environmental behaviors at adulthood than
experiencing a more ‘domesticated nature’ (Wells & Lekies, 2006).
Hence, not all outdoor experiences can have the same influence on
environmental attitudes, and we need to scale-up from simplistic ap-
proaches regarding the EoN.

The importance of considering the different dimensions of EoN,
when exploring conservation-related outcomes was recently high-
lighted (Clayton et al., 2017). For instance, EoN may largely vary in
quality, depending on an individual’s behaviors, emotions, or intensity
of nature they experience (Clayton et al., 2017; Shanahan, Fuller, Bush,
Lin, & Gaston, 2015). Despite the fact that increasing the quantity of
EoN is often sufficient to affect health and wellbeing (Shanahan et al.,
2016), our results suggest that simply providing more green infra-
structures where people live and enhancing frequency and time spent in
green and open environments may not be adequate to contribute to the
mitigation of the extinction of experience and its conservation con-
sequences. Instead, we need to understand how to enhance meaningful
positive EoN by providing accessible and suitably designed green space
that can foster meaningful experiences. To do so, research effort should
now focus on both quantity (e.g. frequency and duration, as done so far)
and quality of EoN (e.g. looking at people’s behaviors towards the
natural world, like observing wildlife, smelling flowers or listening to
birdsong).

4.4. Limitations and future directions

Like most questionnaire surveys, our study has some limitations.
First, although the survey was anonymous, social desirability bias re-
mains possible. Second, we surveyed specific categories of people (i.e.
dog-, cat- and non-pet owners) and therefore our conclusions could be
restricted to this specific sample. However, we surveyed socio-demo-
graphically balanced samples of the population in three different
countries, giving support for a potential generalization of our results.
We acknowledge that using an online-survey, and distribution through
panels of respondents have restricted the study to a subsample of the
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population (e.g. people with internet access). The cross-country dif-
ferences in EoN can be the result of a bias in climatic condition among
countries. Our survey was disseminated in June, which is hot and dry in
Israel compared with more pleasant weather in Europe and this can
provide an alternative explanation for the differences we have identi-
fied in outdoor behaviors. Our measure of environmental knowledge
was based on species identification skill, which is only one of the many
facets of environmental knowledge, and we recognize that looking at
another facet (e.g. a more general measure of biodiversity under-
standing) could have led to different results.

Although our approach did not allow for establishment of causality,
due to the low response rate to dog shelter surveys, we did find that NR
and environmental knowledge were strongly related to environmental
attitudes. This is in line with previous studies showing that ecological
behaviors are predicted by both environmental knowledge and con-
nectedness to nature (Otto & Pensini, 2017; Roczen, Kaiser, Bogner, &
Wilson, 2014), and that environmental attitudes are important pre-
dictors of environmental behaviors (Stern & Dietz, 1994). We ac-
knowledge that internal consistency of the NEP scale was relatively low
in two countries, which might have affected the results. However,
previous research has suggested connectedness to nature as a better
predictor of environmental behaviors than NEP (Mayer & Frantz, 2004;
Whitburn, Linklater, & Milfont, 2018). Hence, this, along with our re-
sult that pet ownership, and particularly dog ownership, through in-
creased quantity of EoN, is associated with increased sense of belonging
to the natural world, gives additional support for the indirect con-
servation value of owning a dog.

5. Conclusion

Reducing the biodiversity crisis largely depends on improving
people’s attitudes and behaviors towards nature, which are in turn
largely threatened by the extinction of experience (Soga & Gaston,
2016). Averting this deleterious phenomenon is therefore a key global
and contemporary issue. We showed here that EoN, NR, environmental
knowledge and attitudes significantly vary across countries and that
these differences should be carefully considered when designing con-
servation interventions. We also showed that dog-ownership can help in
reducing the extinction of experience, by directly influencing people’s
EoN and NR, and thus environmental attitudes, indirectly. However,
our results suggest that, ultimately, enhancing opportunities to visit
nature, by simply providing more green spaces, may not be sufficient to
achieve conservation goals, and what is needed is to find ways to en-
hance the quality of EoN, and provide green spaces that deliver mean-
ingful EoN.

To achieve this, landscape planners should develop programs that
promote diverse, interactive and multisensory EoN that engage emo-
tions and create more lasting memories (Clayton et al., 2017). Smart-
phone applications can also be useful to promote meaningful interac-
tions with nature (e.g. ‘iNaturalist’ smartphone application; Newman
et al., 2017), and provide for instance dog owners with friendly re-
minders to interact with nature – e.g. observe birds – while walking
their dog. Creative design and gardening practices can also help pro-
mote interactions with nature: for instance by converting a portion of a
public garden’s lawn into a flowering prairie, so that people can benefit
from the colorful blossom of multiple species, while using more in-
tensively other portions of the lawn that are mowed; insect hotels or
interactive bat billboards can facilitate interactions between humans
and insects/bats, while providing habitats to these species; tiny road
signs can also be crated to illustrate areas where wildlife is present but
often remain unseen (Shwartz, 2018).
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