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A B S T R A C T   

While the impact of nature on individual psychological outcomes has been widely researched, few studies have 
investigated the impact of time in nature on social connection across individuals. We conducted a within-subjects 
experiment to evaluate whether natural environments increase feelings of interpersonal closeness, or social 
connection. Fifty-two undergraduate students completed search tasks with a social partner in a city park and an 
office. Self-reported social connection was significantly higher following task completion in the natural envi-
ronment compared to indoors. Self-reported nature connection was also significantly higher following task 
completion in the natural environment compared to indoors. These results are consistent with the proposal that 
shared time in nature increases feelings of social connection as well as nature connection. These findings have 
important implications for understanding the relations between nature and community building.   

1. Introduction 

The impact of nature on people has been widely investigated, 
yielding correlational and experimental evidence that spending time in 
nature is associated with numerous positive psychological outcomes, 
including increased attention, positive affect, and reduced stress (Brat-
man et al., 2019; Hartig et al., 2014; Schertz & Berman, 2019). Most of 
these studies have focused on the benefits of nature for individuals, but 
time in nature may also benefit relations between people, in particular 
subjective feelings of social connection. Social connection is important 
because it predicts numerous aspects of wellbeing such as fulfilment, 
motivation, persistence, and self-esteem (Holt-Lunstad, 2021; Patrick 
et al., 2007; Walton et al., 2012; Yang et al., 2016). Few studies have 
investigated the effect of time in nature on social connection, and those 
that have done so have primarily used correlational designs (Goldy & 
Piff, 2020; Hartig et al., 2014). Our study used an innovative experi-
mental design to investigate the impact of shared time in nature on so-
cial connection. Below we briefly review the literature on social 
connection and nature connection to provide background for the hy-
pothesis that shared time in nature increases feelings of social 
connection. 

2. Social connection 

Social connection is a fundamental human need (Baumeister & 
Leary, 1995; Deci & Ryan, 1985). Although relationship goals and be-
haviours change with development, across the lifespan humans consis-
tently feel a need to be psychologically close, or related, to other people 
(except for those experiencing social anhedonia, who report a disinterest 
in social contact) (Ang, 2019; Brown et al., 2007; Carmichael et al., 
2015). When this need for social connection is unmet, people report not 
only higher levels of loneliness and depression but also higher levels of 
suicidal thoughts (Cacioppo et al., 2010; Chen et al., 2020; Malone et al., 
2012). Conversely, when people feel more socially connected, they 
report higher levels of self-esteem, motivation, and positive affect, 
persist longer with tasks, and live healthier, longer, and more fulfilled 
lives (Holt-Lunstad, 2021; Patrick et al., 2007; Walton et al., 2012; Yang 
et al., 2016). 

One of the most widely used tools for measuring social connection is 
the Inclusion of Other in the Self scale (IOS; Aron et al., 1992), in which 
people are asked to report feelings of interpersonal closeness with 
another person or group by choosing between pairs of differently 
overlapping circles (see Fig. 1A). The IOS thus focuses on the quality, 
rather than quantity, of social interactions, an approach supported by 
evidence that quality is a more consistent index of social connection 
across the lifespan and more strongly related to psychological and health 
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outcomes (Ang, 2019; Baumeister & Leary, 1995; Feeney & Collins, 
2015; Holt-Lunstad, 2021; Starzyk et al., 2006). Feelings of social 
connection as measured by the IOS are related to a wide range of posi-
tive outcomes, including higher levels of perspective taking, empathy, 
helping, and wellbeing, as well as lower levels of prejudice, loneliness, 
and depression (Aron et al., 2004; Carmichael et al., 2015; Cialdini et al., 
1997). Feelings of social connection are also malleable: when people are 
told they belong to the same group or share interests with other people, 
and when people take the perspective of another person, they report 
more self-other overlap on the IOS compared to control conditions 
(Batson et al., 1997; Myers & Hodges, 2012; Walton et al., 2012). 

3. Nature connection 

E. O. Wilson argued that another fundamental drive for humans is 
biophilia, a preference for natural environments that match the habitats 
in which humans evolved (Wilson, 1984). In the decades since Wilson’s 
proposal, numerous correlational studies have identified small-to med-
ium-sized associations between people’s experience of nature and psy-
chological outcomes, even when controlling for other factors (Bratman 
et al., 2019; Hartig et al., 2014). The term nature, in these contexts, 
refers to the physical aspects of the natural world surrounding us, 
including fauna, flora, geological features and landscapes from 
non-human origins, and is also commonly referred to as the natural 
environment (Hartig et al., 2014). A meta-analysis of 32 experimental 

Fig. 1. The Inclusion of Other in Self (IOS) (A) and Inclusion of Nature in Self (INS) (B) scales were the dependent measures for social connection and nature 
connection, respectively. 
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studies found that time in natural environments such as parks or nature 
preserves leads to more positive emotional states or hedonic wellbeing 
compared to control conditions such as time in an urban or built envi-
ronment (McMahan & Estes, 2015). Time in nature is also positively 
associated with eudaimonic wellbeing, the feeling that life is fulfilling or 
worthwhile. For example, White et al. (2017) reported correlational 
analyses indicating that the relation between visiting natural environ-
ments and eudaimonic wellbeing is stronger than the association be-
tween good health and eudaimonic wellbeing. Interestingly, the pattern 
of associations observed by White and colleagues suggested that the 
wellbeing benefits of visiting natural environments are similar to the 
benefits of living with a partner. 

Several researchers have proposed that time in nature improves 
wellbeing because it increases feelings of connection to nature and thus 
fulfils the biophilia drive (Capaldi et al., 2015; Kellert & Wilson, 1993; 
Mayer & Frantz, 2004; Zelenski & Nisbet, 2014). Connection to nature is 
typically measured through self-report tools such as the Inclusion of 
Nature in Self scale (INS) (Schultz, 2002). In the INS, much like the IOS, 
people choose between pairs of differently overlapping circles to indi-
cate how connected they feel to nature (see Fig. 1B). Evidence from both 
correlational and experimental studies confirms that time in nature in-
creases feelings of connection to nature and subjective wellbeing 
(Capaldi et al., 2015; Mayer & Frantz, 2004; Mayer et al., 2009). 

4. Natural environments and social connection 

Natural environments may also improve relations between people 
and communities more generally. In ethnographic studies people have 
described their experiences of green spaces as closely linked to their 
feelings of social connection and community, both because they meet 
new people there and because green spaces provide opportunities for 
more focused interactions with family and friends (Dinnie et al., 2013; 
Egerer et al., 2019; Rantala & Puhakka, 2020). Evidence of relations 
between green spaces and frequency of social interactions is mixed, with 
some but not all studies yielding evidence of more frequent social in-
teractions in greener spaces (Coley et al., 1997; Kuo et al., 1998; Maas 
et al., 2009). 

The theoretical basis for linking natural environments and social 
connection lies within human needs and motivations, in particular the 
need for relatedness (Baumeister & Leary, 1995; Deci & Ryan, 1985). 
Maas et al. (2009) argued that green spaces might benefit people psy-
chologically not because green spaces necessarily increase social con-
tact, but because green spaces increase feelings of community and 
thereby decrease loneliness. They described these feelings of community 
as both emotional attachment to a neighbourhood and a sense of 
connection with place. Similarly, Zelenski and Nisbet (2014) proposed 
that nature connection overlaps with a general sense of connection, 
including connection with friends, partners, and strangers. They used 
multiple versions of the IOS together with the INS to evaluate relations 
between a general sense of connection (a composite of closeness to 
country, culture, family, music, home, and friends) and nature connec-
tion and wellbeing. They reported medium-sized relations between 
general connection and nature connection and between general 
connection and wellbeing. Several other studies have yielded correla-
tional evidence of positive relations between natural environments and 
feelings of social connection or cohesion (de Vries et al., 2013; Oh et al., 
2022; Weinstein et al., 2015). 

Surprisingly few experimental studies have evaluated whether nat-
ural environments influence social connection. Izenstark and Ebata 
(2017) reported that mothers and daughters showed greater dyadic 
cohesion, as rated by independent observers, after a walk in an arbo-
retum compared to a walk in an indoor shopping mall. Camer-
on-Faulkner et al. (2018) found that parents and children had more 
connected conversations while exploring an arboretum compared to an 
indoor education centre. Passmore and Holder (2017) asked un-
dergraduates to be mindful over a two-week period of either natural or 

human-built objects and scenes; after the intervention, those instructed 
to focus on natural objects and scenes had higher scores for a general 
sense of connection compared to those instructed to focus on built ob-
jects and scenes. Importantly, however, none of these studies evaluated 
whether natural environments influenced people’s subjective feelings of 
social connection, and as reviewed above, previous research indicates 
that subjective feelings of social connection are an important predictor 
of other positive outcomes. An experimental evaluation of the hypoth-
esis that natural environments influence feelings of social connection is 
therefore needed. 

5. Our study 

Our study examined whether shared time in a natural environment 
increases social connection amongst university students. National and 
international surveys indicate that about 1/3 of university students 
experience problems with mental health, including social anxiety (e.g., 
Auerbach et al., 2018). Furthermore, in correlational studies of psy-
chosocial factors related to student mental health, feelings of low social 
support have been associated with a higher risk of depressive symptoms 
(Duffy et al., 2020). University students are therefore an especially 
relevant population for examining the potential benefits of natural en-
vironments for social connection. 

We used a within-participant experimental design in which people 
completed search tasks with a social partner in a natural environment (a 
city park) and a control environment (a university office). Our principal 
hypothesis was that shared time in nature would lead to greater social 
connection compared to shared time in the control environment. We 
also predicted that shared time in nature would increase nature 
connection relative to shared time in a built environment, based on 
previous evidence (Capaldi et al., 2015; Mayer et al., 2009). Finally, we 
also evaluated an alternative hypothesis, namely that changes in social 
connection might be influenced by stable individual characteristics, 
such as feelings of belonging, or what Zelenski and Nisbet called general 
connectedness (Malone et al., 2012; Zelenski & Nisbet, 2014). 

6. Methods 

6.1. Participants 

Fifty-two university undergraduate students (average age 19 years) 
participated in exchange for course credit. An a priori power analysis 
using G*Power version 3.1.9.7 (Faul et al., 2007) indicated a sample size 
of N = 47 was needed to achieve 90% power for detecting a medium 
effect in a Wilcoxon signed ranks test with a significance criterion of α =
0.05. An additional 25 participants were excluded as they did not return 
for the second session. Cardiff University, where the study took place, is 
located in the city centre of Cardiff, the capital of Wales, and has 
approximately 30,000 students. All study procedures were reviewed and 
approved by the university ethics committee and adhere to the tenets of 
the Declaration of Helsinki including informed consent. 

6.2. Design and procedure 

The study used a pre-post experimental design (see Fig. 2) with two 
within-participants conditions: a shared search task in nature (a city 
park) and a shared search task in a control location (a university office). 
Participants completed the second session two to ten days after the first. 
The order of conditions was counter-balanced so that half of the par-
ticipants were randomly assigned to the nature condition first and half of 
the participants were randomly assigned to the control condition first. 

Each participant was paired with a new partner for each session. 
Participants signed up independently and were not aware that the study 
would involve working in pairs. At the start of each session, we asked 
participants to indicate whether they already knew their task partner, 
using an adapted version of the Personal Acquaintance Measure (PAM; 
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Starzyk et al., 2006). In both conditions most participants indicated that 
they did not know each other. In the natural environment 47 partici-
pants reported that they had not previously met their assigned partner, 
and 5 reported that they had previously met their assigned partner but 
did not know them well. In the control condition 46 participants re-
ported that they had not previously met their assigned partner and 6 
reported that they had met the assigned partner but did not know them 
well. 

For both conditions, a researcher gave participants a laminated sheet 
containing a list of adjectives (beautiful, camouflaged, disgusting, fragile, 
frightened, interesting, moving, noisy, peaceful, scary, singing) and instruc-
ted the participants: “With your partner, see if you can find the things 
listed. I will give you 15 min to complete this task.” In the park, the dyad 
searched the natural environment for items that fit the adjectives. In the 
control condition, the dyad searched for the adjectives in ten laminated 
wordsearch puzzles provided by the researcher. Both conditions thus 
involved a search task which required focused attention to their im-
mediate environment. Furthermore, in both conditions participants 
completed the search tasks collaboratively. In both conditions the 
researcher withdrew and waited for the participants to return after 
completing the task. 

Before and after taking part in each condition, participants 
completed a brief survey on Qualtrics. The survey measures are 
described in detail below. 

6.3. Measures 

6.3.1. Social connection 
To measure social connection, we asked participants to complete the 

Inclusion of Other in the Self (IOS) scale (Aron et al., 1992) before and 
after taking part in each condition. The IOS is a single-item pictorial 
measure that evaluates social connection by asking people to choose 
between pairs of differently overlapping circles (panel A in Fig. 1) to 
describe how close they feel to another person or group. In this study 
participants, who were all students, were asked to evaluate how close 
they felt “to other students”. Psychometric evidence indicates that the 
IOS has good test-retest reliability, construct validity, and predictive 
validity (Aron et al., 1992). In addition, the IOS is influenced by social 

interactions (e.g., Tan et al., 2015). 

6.3.2. Nature connection 
To measure nature connection, we asked participants to complete the 

Inclusion of Nature in Self scale (INS; Schultz, 2002) before and after 
taking part in each condition. The INS is a single-item pictorial measure 
that was developed from the IOS and evaluates nature connection (Panel 
B in Fig. 1). We asked study participants to choose between pairs of 
differently overlapping circles to describe how connected they feel to 
nature. Psychometric evidence supports the construct validity of the INS 
(Mayer & Frantz, 2004; Schultz, 2001). In addition, the INS is sensitive 
to experimental manipulations of exposure to nature (e.g., Crawford 
et al., 2017). 

6.3.3. Belonging 
To measure stable individual differences in feelings of belonging, we 

asked participants to complete the 12-item General Belongness Scale at 
the start of each session (GBS; Malone et al., 2012). The GBS asks people 
to rate their agreement versus disagreement with statements such as “I 
have close bonds with family and friends” on a 7-point Likert scale from 
strongly disagree to strongly agree. Psychometric evidence supports the 
reliability and validity of the GBS in measuring stable individual dif-
ferences in achieved belongingness (Malone et al., 2012). Internal con-
sistency was high (α = 0.91) and test-retest reliability was high (r =
0.87). 

7. Results 

7.1. Preliminary analyses 

Table 1 presents the descriptive statistics for social connection and 
nature connection pre-and post-intervention for each condition, as well 
as feelings of belonging at the start of each of the two sessions. Shapiro- 
Wilk tests indicated that all variables had a non-normal distribution. 

7.2. Main analyses 

To evaluate the principal hypothesis that shared time in nature 

Fig. 2. The experimental design contrasted two within-participants conditions: a search task in nature and a search task in a control location. The order of tasks was 
counterbalanced across participants. 
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increases feelings of social connection, we compared the pre- and post- 
IOS responses for both the nature and control conditions using Wilcoxon 
signed-rank tests. Feelings of social connection significantly increased 
after the shared task in the park (Z = − 3.43, p < 0.001) with a large 
effect size (0.48). Feelings of social connection did not increase signifi-
cantly after the shared task indoors (Z = -0.32, p =.75) with a small 
effect size (0.04). 

To address the secondary hypothesis that shared time in nature in-
creases nature connection, we compared the pre- and post- INS re-
sponses for both the nature condition and the control condition using 
Wilcoxon signed-rank tests. Nature connection significantly increased 
after the shared task in the park (Z = − 3.64, p < 0.001) with a large 
effect size (0.50). Nature connection significantly decreased after the 
shared task indoors (Z = − 2.02, p = 0.03) with a small effect size 
(0.198). 

To evaluate the alternative hypothesis that changes in social 
connection are influenced by stable individual differences, such as 
feelings of belonging, we first conducted a simple linear regression to 
evaluate the relation between participants’ pre-test GBS scores and pre- 
test IOS scores. This single regression examined the relation between 
GBS and IOS for all participants at the beginning of the study and 
collapsed across condition, since half of our participants did the exper-
imental condition first and half did the control condition first. The 
regression was significant, with a small positive effect, R2 = 0.14, F (1, 
50) = 8.34, p = 0.01, indicating that feelings of belonging and social 
connection are somewhat related constructs, but the overlap is small. 
We then calculated differences in pre-versus post-intervention IOS 
scores and ran two separate linear regressions for the experimental and 
control conditions, with GBS as the predictor variable and change in IOS 
as the outcome variable. If changes in social connection following 
shared task completion are due to stable individual differences in feel-
ings of belonging, we should observe a positive relation between GBS 
and change in IOS for both conditions. Pre-existing feelings of belonging 
did not predict change in social connection for the experimental con-
dition, R2 = 0.01, F (1, 50) = 0.67, p = 0.42, or the control condition, R2 

= 01, F (1, 50) = 0.03, p = 0.86. 

8. Discussion 

We used a within-participant experimental design to examine 
whether shared time in nature increases social connection. People re-
ported stronger feelings of social connection after completing a search 
task with a partner in a natural environment. In contrast, social 
connection did not change after completing a search task in a control 
environment, a university office. Consistent with previous evidence, 
spending time in the natural environment also increased feelings of 
nature connection (Capaldi et al., 2015; Mayer et al., 2009). 

Most studies evaluating the impact of nature on human health and 
wellbeing have focused on the benefits of nature for individuals, such as 
improvements to attention and affect (Bratman et al., 2019; Hartig et al., 
2014; Schertz & Berman, 2019). Few studies have investigated whether 

spending time in nature benefits relations between people, and studies 
that have done so have primarily used correlational designs (de Vries 
et al., 2013; Oh et al., 2022; Weinstein et al., 2015; Zelenski & Nisbet, 
2014 ). The experimental design of our study provides a much-needed 
test of causality, and our results support the hypothesis that spending 
time with other people in natural environments increases social 
connection. 

Our study builds on existing experimental evidence that people 
behave in a more connected manner in natural environments (e.g., 
Cameron-Faulkner et al., 2018). By focussing on people’s subjective 
experience, our study demonstrates that people also feel more connected 
to other people in natural environments. Subjective feelings of social 
connection are important because they predict numerous other aspects 
of health and wellbeing such as self-esteem, motivation, persistence, and 
fulfilment (Holt-Lunstad, 2021; Patrick et al., 2007; Walton et al., 2012; 
Yang et al., 2016). Future studies might include both observational 
measures of behaviour and self-reported subjective feelings of social 
connection to evaluate the extent to which observed behaviour and 
subjective experience are independent versus related effects of spending 
time with social partners in natural environments. 

Our study also considered the possibility that stable individual dif-
ferences in feelings of belonging, or general connectedness, might in-
fluence people’s more dynamic feelings of social connection, or 
interpersonal closeness (Malone et al., 2012; Zelenski & Nisbet, 2014). 
We reasoned that if stable individual differences in belonging influence 
more dynamic feelings of social connection during shared tasks, we 
would observe a relation between belonging and change in social 
connection for both conditions, but we did not. Although feelings of 
belonging were related to initial feelings of closeness to other students, 
they did not predict change in social connection for the experimental or 
control condition. 

8.1. Implications and potential applications 

The results of our study have important implications for under-
standing the potential contribution of nature to community building 
(Minkler, 2012). Maas et al. (2009) proposed that people benefit from 
green spaces because green spaces increase feelings of community and 
decrease loneliness. Ethnographers have also described how green 
spaces provide opportunities for meeting new people and for focused 
interactions with familiar people (Dinnie et al., 2013; Egerer et al., 2019; 
Rantala & Puhakka, 2020). The results of our study are consistent with 
both proposals, but also suggest that it is the combination of social 
partners and natural environments that benefits social connection. 
Future studies should consider alternate designs that would allow 
comparisons across different group sizes in natural and built environ-
ments to better evaluate these proposals. 

The results of our study also highlight the potential benefits of nature 
as a promising context for improving educational and wellbeing out-
comes in university settings. Nature-based teaching and learning is a key 
component of primary and secondary education, supported by evidence 
of substantial benefits to motivation and wellbeing (Jucker & von Au, 
2022; Waite et al., 2016). The results of our study suggest that there may 
be advantages to incorporating nature-based teaching and learning into 
university education as well. Nature-based teaching and learning has the 
potential to increase social connection and thereby help to alleviate 
mental health problems amongst university students (Auerbach et al., 
2018; Duffy et al., 2020). Our study was brief, however, and the tasks 
that students completed were unrelated to their degree course. Targeted 
research is needed to evaluate the potential benefits of nature-based 
teaching and learning in university settings. 

Empirical evaluations of how shared time in nature influences feel-
ings of social connection have the potential to inform a wide variety of 
real-world issues including not only outdoor education programmes but 
also planning recommendations for residential areas and social pro-
grammes to relieve loneliness. To appropriately inform such issues, 

Table 1 
Descriptive statistics for social connection (IOS), nature connection (INS), and 
belonging (GBS) including tests of normality.  

DV Condition Occasion Mean SD Shapiro-Wilk Significance 

IOS Control Pre-test 3.44 1.59 0.94 0.01 
Post-test 3.48 1.54 0.94 0.01 

Nature Pre-test 3.23 1.70 0.91 <0.01 
Post-test 3.90 1.68 0.95 0.02 

INS Control Pre-test 3.56 1.46 0.89 <0.01 
Post-test 3.37 1.53 0.91 <0.01 

Nature Pre-test 3.63 1.30 0.93 <0.01 
Post-test 4.38 1.33 0.89 <0.01 

GBS Session 1  63.83 11.01 0.91 <0.01 
Session 2  63.94 10.16 0.95 0.03  
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researchers need to build a strong evidence base that includes both 
qualitative and quantitative evidence, including evidence from experi-
ments. Evidence from experimental studies is challenging but essential 
because experimental designs allow us to draw stronger causal in-
ferences about the influence of natural environments on social connec-
tion, and as a result will provide a stronger basis for interventions and 
programme design. 

8.2. Limitations and future directions 

One of the challenges of testing causal hypotheses about how natural 
versus built environments influence human health and wellbeing is 
defining appropriate comparisons across dramatically different con-
texts. To examine the effects of natural versus built environments on 
social connection and nature connection, we asked pairs of participants 
to complete analogous search tasks in both a natural and a built envi-
ronment. In both conditions participants searched for the same list of 
items, although in the natural environment the task focused their 
attention on the qualities of nature, whereas in the control condition, the 
task focused their attention on written texts containing those words. In 
both conditions students completed the search tasks collaboratively. 
These similarities across the two tasks help to strengthen the causal 
inferences that we can draw from the comparison. Nonetheless, the 
conditions differed in several ways. One difference is that in the natural 
environment participants could see not only their task partner but also 
other people visiting the park, whereas in the control environment the 
participants did not encounter any other people. The primary difference 
between the two conditions was however the context of natural versus 
built environments and it is this difference to which we attribute the 
observed effects on social connection as well as nature connection. This 
interpretation is consistent with Passmore and Holder’s (2017) report 
that when individuals were asked to attend to either natural or built 
aspects of their environment, attention to natural but not built envi-
ronments led to increases in a general sense of connection. Future 
studies should evaluate how task requirements and environments 
together influence social connection as well as nature connection. 

Previous researchers have proposed that time in nature improves 
wellbeing by increasing feelings of nature connection, which fulfils the 
biophilia drive (Capaldi et al., 2015; Kellert & Wilson, 1993; Mayer & 
Frantz, 2004; Zelenski & Nisbet, 2014). Our findings suggest another 
interesting possibility: time in nature may improve wellbeing by 
increasing feelings of social connection, thus fulfilling the fundamental 
human need to be psychologically close, or related, to other people 
(Baumeister & Leary, 1995; Deci & Ryan, 1985). Future studies should 
include measures of hedonic and eudaimonic wellbeing to compare and 
evaluate how shared time in nature influences not only social connec-
tion and nature connection, but also how those factors in turn influence 
wellbeing. 

9. Conclusions 

Our study provided an experimental test of the hypothesis that 
shared time in nature influences feelings of social connection. The study 
design and results offer a new avenue for furthering our understanding 
of the links between natural environments and human health and 
wellbeing. Future studies should build on this important initial step by 
testing alternative accounts and developing recommendations for in-
terventions and programme design. 
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