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Abstract: Environmental educators stress the importance of engaging with the wonders of the Earth in promoting nature
connectedness. However, it remains unclear if learning about nature has an incremental effect beyond mere exposure to
nature and what psychological mechanism can explain such a learning effect if it exists. To fill this gap, we propose a
mediation model in which learning about nature promotes a sense of awe—a self-transcendent emotion associated with the
recognition of vastness in nature. A sense of awe, in turn, promotes nature connectedness. Study 1 employed a cross-
sectional survey and offered preliminary support for the proposed model, with participants who showed greater knowledge
about nature (assessed by a species identification quiz) reporting higher levels of dispositional awe and nature
connectedness, even after controlling for contact with nature. Study 2 was an experimental study that administered a two-
week intervention where participants learned about nature with the help of two smartphone applications, Google Lens and
Seek by iNaturalist. Results showed that there was an indirect effect of learning about nature on nature connectedness via
awe among participants with higher levels of engagement with the intervention. The practical implications of our findings
are discussed.
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1. Introduction

Many people are drawn to nature for its restorative
benefits—taking a walk in the woods can bring about a
sense of calm (White et al., 2013) and replenish fatigued
reserves of attention (Berman et al., 2008; Kaplan,
1995). On the other hand, nature can also be a source of
boundless mystery and excitement (Carson, 1965;
Wilson, 1984). Naturalists such as Aldo Leopold, Jane
Goodall, and E. O. Wilson are revered for their passion
for the natural world. Through their writings,
documentaries, and speeches, these scientists have let
the world know about the wonders of nature and the
diversity of life on Earth. They also tirelessly champion
environmental causes, calling on all of humanity to do
their part in protecting the world's flora and fauna.

Unfortunately, such naturalists appear to be an
endangered breed themselves. Owing partly to urban
living which limits access to green and blue spaces,
conservation scientists note that people are missing out
on opportunities to interact and form emotional bonds
with nature (Miller, 2005; Soga & Gaston, 2016). This

may be reflected by a lack of knowledge about nature. In
a study by Balmford et al. (2002), it was found that
British school children could identify more species of
Pokémon than local wildlife, such as beavers and wrens.
Similarly, a survey by Palmberg et al. (2015) found that
just 3% of Nordic student teachers were able to identify
most species of common plants and animals in their
local region. Given the looming environmental crises
that the planet is facing, the environment could benefit
with  more people following the footsteps of
naturalists—that is, to learn about nature and develop a
bond with it.

In this paper, we investigate how learning about
nature may foster a sense of nature connectedness
through a sense of awe—a self-transcendent emotion
associated with wonder and fear (Keltner &



S.T. Ng et al.

Haidt, 2003). Awe is often experienced when one is in the presence of
something vast, that is, greater than the self in terms of size or
non-tangible attributes such as Intelligence or virtue. Drawing on prior
empirical research (e.g., Burgess & Mayer-Smith, 2011; Toomey &
Domroese, 2013) and recounts from eminent naturalists, we propose
that those who learn about nature are better able to appreciate the
vastness of living systems. As such, they may experience greater awe in
nature and a diminished view of the self (Piff et al., 2015), which in turn
could lead to a heightened sense of nature connectedness. We tested our
proposed model with two studies—the first study administered a
cross-sectional survey and the second study employed an experimental
method involving a two-week smartphone-based learning intervention.
Together, the current research sought to contribute novel knowledge on
the benefits of learning about nature. Importantly, we also hope to
demonstrate that everyone, not just research scientists, can be natural-
ists. In other words, even laypeople can be encouraged to develop an
appreciation for nature’s vastness through simple and accessible
learning experiences. This can contribute to developing more sustain-
able worldviews and motivations, even as populations become more
urbanized.

1.1. Promoting nature connectedness through learning about nature

A key question in our research is how learning about nature trans-
lates to nature connectedness. Nature connectedness is defined as an
individual’s sense of affiliation with nature, or the perception of the self
as part of nature (Mayer & Frantz, 2004; Nisbet et al., 2009; Schultz,
2002). It is antithetical to the view of humans as masters of nature, or a
superior species that has the right to exploit other life forms (Frantz
et al.,, 2005; Richardson et al., 2015). Studies suggest that nature
connectedness can be both affective (i.e., feeling a sense of attachment;
Mayer & Frantz, 2004) and cognitive (i.e., involving an overlapping
mental representation of self and nature; Schultz, 2002). Despite nu-
ances in the conceptualization of nature connectedness by different
scholars, the measures of cognitive and emotional ties to nature often
load onto a single factor (Tam, 2013). It is unsurprising that nature
connectedness is associated with biospheric values (Schultz, 2001),
environmental concerns (C. Martin & Czellar, 2017) and a
pro-environmental identity (Balunde et al., 2019). Relatedly, nature
connectedness was found to consistently predict a wide range of
pro-environmental behaviors, ranging from energy conservation to po-
litical activism (Gkargkavouzi et al., 2019; Mackay & Schmitt, 2019;
Tam, 2013; Whitburn et al., 2020).

Given the link between nature connectedness and engagement in
sustainable behaviors, studies have sought to investigate the psycho-
logical pathways (Lengieza & Swim, 2021) and interventions that can
increase nature connectedness. A substantial body of research has shown
that contact with nature alone may be sufficient to promote nature
connectedness (e.g., Chan et al., 2021; H. Liu et al., 2022; Nisbet &
Zelenski, 2011; Whitburn et al., 2019). Nisbet and Zelenski (2011), for
example, found in an experimental study that participants who walked
outdoors with views of urban nature experienced greater nature
connectedness compared to the participants who walked through tun-
nels. Similarly, Chan et al. (2021) demonstrated that exposure to
simulated nature (i.e., a virtual reality forest) could increase nature
connectedness among both young and older adults. These studies sug-
gest that merely viewing nature or visiting a green space can promote
nature connectedness, at least in the short-term; it is uncertain whether
the effects of nature exposure manipulations can impact sustained,
trait-like nature connectedness. This is deemed a very fruitful direction
for future research.

Aside from mere exposure, learning about nature can also foster
nature connectedness (Balmford et al., 2002; Hungerford & Volk, 1990;
Palmberg et al., 2018). In fact, Frantz and Mayer (2014) proposed that
promoting nature connectedness should be a key goal of environmental
education. It has been argued that environmental education should

cover a broader scope beyond imparting action-oriented knowledge-
—knowledge about the causes of and solutions to environmental prob-
lems (see Jensen, 2002), to include nature education. Although nature
learning experiences may not inform behaviors directly, they may pro-
mote sustainability by influencing how people think about the envi-
ronment and the importance of protecting it. Research suggests that it is
not the specific content of what is taught that matters, but the outcome
of developing an appreciation for the living things and the processes that
connect them (Capra, 2007; Lankenau, 2018; Orr, 1996). There is a good
body of research supporting the positive relationship between learning
about nature and nature connectedness. For example, it was found that
students who participated in a one-day nature education program
(comprising both a classroom and outdoor session) demonstrated
greater increases in nature connectedness than those who did not
(Kossack & Bogner, 2012). Similarly, another study showed that stu-
dents who participated in a program on water at a school field center
experienced an increase in nature connectedness (Lieflander et al.,
2013). These findings lead to the question addressed in the current
research: Does learning about nature have incremental benefits on na-
ture connectedness beyond mere exposure to nature?

Notably, many studies on environmental education programs either
adopted a within-subjects study design (e.g., Kleespies et al., 2022;
Lieflander et al., 2013; Stern et al., 2008) or compared an intervention
group to a control group that did not experience nature at all (e.g.,
Kossack & Bogner, 2012; Sellmann & Bogner, 2013). Thus, it remains
unclear whether the effects of nature-based education programs are due
to exposure to nature, or the educational activities that participants
engaged in during their exposure to nature. Further, if learning about
nature can predict nature connectedness, it would be important to
examine the psychological mechanism that accounts for such a rela-
tionship. The current research set out to address these questions by
testing the role of awe in the relationship between learning about nature
and nature connectedness.

1.2. Learning, awe, and nature connectedness

Learning about and connecting to nature can go hand in hand. Psy-
chological research on nature connectedness (e.g., Mayer & Frantz,
2004; Schultz, 2002) drew upon the works of naturalists, such as Aldo
Leopold’s The Land Ethic and E.O. Wilson’s Biophilia when trying to
define the construct. These well-respected natural science scholars share
the view that people are part of nature, rather than conquerors of the
Earth (Cafaro, 2001; Carson, 1965; Leopold, 1949; Wilson, 1984). To
many naturalists, nature is often described as being an infinitely fasci-
nating subject that makes life meaningful and exciting.

Rachel Carson (1965), for example, once said in her book The Sense of
Wonder:

“Those who dwell, as scientists or laymen, among the beauties and
mysteries of the earth are never alone or weary of life.” (p. 100)

Similarly, David Attenborough stressed on engaging with the won-
ders of nature during the 2019 World Economic Forum meeting at
Davos:

“If you lose that first wonder, you've lost one of the most greatest
sources of delight and pleasure and beauty in the whole of the uni-
verse. Caring for that brings a joy and enlightenment which is irre-
placeable. That is one of the great pleasures of life.” (as documented
in Chainey, 2019)

Expressions of fascination with nature are not just limited to research
scientists. Learning experiences may help shape laypeople’s perceptions
of nature by bringing attention to some interesting qualities of the
natural world that they might otherwise not have realized. Among
children, a qualitative study found that following their experience in a
mountain school, children began talking about nature with language
that conveyed fear, respect, and appreciation of beauty (Burgess &
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Mayer-Smith, 2011). Similarly, adults may experience an increase in
appreciation of nature from educational experiences. For example,
participants of a citizen science project on coyotes reported that they
found the animals to be smarter and more interesting than they previ-
ously thought (Toomey & Domroese, 2013).

These fascinating feelings towards nature suggest the expression of
awe. Awe is a complex emotion associated with overwhelming or mind-
blowing experiences. It can be either positive, when associated with
wonder and amazement, or negative, when associated with threat (Guan
et al., 2019; Keltner & Haidt, 2003). Awe has been found to be related to
learning, spirituality, and pro-sociality (Keltner & Haidt, 2003; Piff
et al., 2015; Seo, Yang, & Laurent, 2023). Studies also showed that awe
is a predictor of nature connectedness (J. Liu et al., 2023; Wang et al.,
2022; Yang et al., 2018). By synthesizing the literature on the ante-
cedents and outcomes of awe, we hypothesized a mediation model that
explains the link between learning about nature and feeling connected
to nature. Specifically, we discuss how awe can be induced by learning
about the fascinating qualities of nature, and how the experience of awe,
in turn, induces self-transcendence and nature connectedness.

1.2.1. Learning and being in awe of nature

A key theme in the experience of awe is vastness, or the perception of
something as being greater than the self. To reiterate, vastness can be
perceived not just in physically large objects, but also objects that are
beautiful, complex, powerful, or virtuous-what laypeople may describe
as mind-blowing (Keltner & Haidt, 2003; Shiota et al., 2007). For this
reason, scientists often report experiencing awe, as they often examine
complex matters that challenge their understanding of the world (Cuz-
zolino, 2021). Awe-inspiring stimuli in nature can extend beyond the
physically vast, e.g., mountains and oceans, to include smaller elements.
Nature is filled with objects of remarkable beauty, intricacy, and ability.
By being observant and curious, it is possible to experience awe in tiny
and mundane objects such as insects (Weger & Wagemann, 2021).
Consider the following excerpt from E.O. Wilson’s book, Biophilia (1984,
p- 29), which shows the perception of vastness in his observation of
leaf-cutter ants:

If we magnify the scene to human scale, so that an ant’s quarter-inch
length grows into six feet, the forager runs along the trail for a dis-
tance of about ten miles at a velocity of 16 miles an hour. Each
successive mile is covered in three minutes and forty-five seconds,
about the current (human) world record.

Without any context, a trail of ants along the forest floor may not be
very awe-inspiring. However, the understanding of the life science in
nature helps the observer look at the insects in a completely new light.
We propose that the perception of vastness in nature comes with
learning more about it—the sheer diversity of life, and otherworldly
adaptations that species have to survive in their environments. As a
result, naturalists often experience awe (Carson, 1965; Leopold, 1949;
Wilson, 1984). For urbanites especially, who lack access to physically
vast nature, being able to perceive vastness in smaller, everyday nature
may be important for the experience of awe.

1.2.2. Awe and connection to nature

Awe is also referred to as a self-transcendent emotion that directs
attention away from the self and towards something greater. Awe is
theorized to trigger the experience of a “small self”, otherwise known as
self-diminishment (Bai et al., 2017; Shiota et al., 2007). Using pictorial
measures of self-size, Bai et al. (2017) demonstrated in a series of studies
that people who were higher in awe indeed perceived themselves as
being smaller. For example, they would select a smaller stick figure to
represent themselves in a landscape image. As a consequence of the
small-self, an individual becomes inclined to identify as part of a col-
lective, such as a member of the global community (Piff et al., 2015; Seo
etal., 2023). Similarly, another study found that experimentally induced
awe increased participants’ global citizenship identification and

donation to humanitarian organizations (Seo et al., 2023). Taken
together, these studies highlight the potential of awe in promoting col-
lective identities and altruistic behaviors for the collective good.

Relatedly, nature can be viewed as a collective entity, and therefore
the experience of awe may increase the sense of nature connectedness (J.
Liu et al., 2023; Wang et al., 2022; Yang et al., 2018). For example,
research suggested that showing participants video footage evoking
positive awe (a snippet of BBC’s Planet Earth documentary) or threat-
ening awe (a video of a tornado forming) both increased nature
connectedness as compared to a neutral condition (J. Liu et al., 2023).
Likewise, another study found that experimentally induced awe,
compared to both an amusement condition and neutral condition,
increased nature connectedness and ecological behavioral intentions
(Yang et al., 2018). In short, owing to its self-transcending effect, awe
may promote the perception of the self as part of nature.

2. The present research
2.1. Hypotheses

Grounded on the empirical evidence as discussed, we hypothesized a
mediation model in which learning about nature fosters nature
connectedness through the experience of awe. The first path in the
model, where learning leads to awe, draws on the idea that learning
experiences can facilitate the perception of vastness in nature. The
second path in the model, where awe leads to nature connectedness, is
based on prior research about the self-transcendent effects of awe.
During the experience of awe-induced self-diminishment, people may
appraise the self as part of a broader community of nature.

2.2. Overview of studies

As aforementioned, exposure to and learning about nature often
occur together. When testing the hypothesized model, we sought to
distinguish between the effects of exposure and learning. Study 1 was a
correlational survey to test the hypothesized mediation model. In
addition to measuring prior learning about nature, we also measured
exposure to nature as a control variable in the analysis. Study 2 adopted
a different approach, using a between-subjects experimental pretest-
posttest design to investigate whether learning about nature promotes
awe and nature connectedness, beyond mere exposure to nature. The
experiment involved a two-week intervention in which participants
engaged in a self-directed nature learning experience with the help of
smartphone applications. In the experiment, all participants in the study
were instructed to interact with nature daily, but half of them were
further instructed to learn more about the nature they encountered. This
was to examine the difference induced by nature learning beyond nature
exposure between the two conditions. In addition, Study 2 employed a
novel mode of nature learning. Given that nature education is usually
achieved through traditional means (e.g., documentaries, books, zoo
visits, and guided programs), the intervention study could assess the
feasibility of interactive digital applications in promoting nature
learning and nature connectedness.

The two studies were conducted in Singapore, a small, industrialized
city state in tropical Southeast Asia. It has a reputation for being a “City
in Nature” (National Parks Board, 2022). Although the country is
completely urbanized, parks and roadside vegetation are spread across
the city. It is targeted that by 2030, all households will be within a 10-
minute walk from a park. There are also pockets of land designated as
nature reserves. The accessibility and wide variety of wildlife in
Singapore makes it ideal to pilot self-directed interventions related to
nature learning. Both studies were approved by the university’s ethics
committee.
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3.1. Method

3.1.1. Participants and procedure

251 undergraduates from a Singaporean university completed an
online survey for cash reward (SGD $5). After removing participants
who failed either of the two attention checks in the survey, the final
sample consisted of 222 participants (76.6% female, Mage = 22.3, SDage
= 1.75). Based on an a priori Monte Carlo power analysis (Schoemann
etal., 2017), this sample size fulfills the minimum requirement, i.e., N =
189, to detect significant indirect effects at 80% power. We assumed p =
0.3 for the regression of nature connectedness on awe (based on results
from Yang et al., 2018), and a more conservative § = 0.2 for the re-
gressions of both awe and nature connectedness on learning about
nature.

3.1.2. Measures

Knowledge about nature. We measured knowledge about nature as
a proxy for prior learning about nature. Participants completed a
multiple-choice quiz to identify various species of organisms. Species
identification is considered a foundational outcome of ecological edu-
cation and can pave the way for learning more complex and fascinating
concepts about biodiversity and ecology (Palmberg et al., 2018; Randler,
2008). The quiz included 18 organisms that are commonly found in
Singapore (e.g., Javan mynah, otter) and 18 organisms that are recog-
nizable internationally (e.g., manatee, chimpanzee). The organisms
spanned a wide range of taxa, including plants, birds, mammals, and
insects. Participants were awarded a point for each correct answer, with
36 being the highest possible score.

Awe. The mediating variable, awe, was measured using the awe
subscale of the dispositional positive emotion scale (Shiota et al., 2006)
which comprises six items (e.g., “I often feel awe” and “I see beauty all
around me”). Items were rated on a 7-point scale (1 = strongly disagree to
7 = strongly agree). The scale showed good reliability in the sample (a =
0.81).

Nature connectedness. The dependent variable, nature connect-
edness, was measured by the scale developed by Mayer and Frantz
(2004). The scale comprised 14 items, including “I often feel a sense of
oneness with the natural world around me,” and “I often feel a kinship
with animals and plants.” Items were rated on a 7-point scale (1 =
strongly disagree to 7 = strongly agree). The scale showed good reliability
in the sample (a = 0.85).

Exposure to nature. As a covariate, contact with nature was
measured using two items. Participants were asked how often they
visited green spaces, such as parks and nature reserves near (within a 10-
min journey)/far (over a 10-min journey) from their homes. Items were
rated 1 = never, 2 = yearly, 3 = monthly, 4 = weekly, 5 = daily.

Positive and negative affect. Nature connectedness is known to
correlate positively with positive affect and negatively with negative
affect (Lengieza & Swim, 2021; Nisbet & Zelenski, 2011). As a covariate
to distinguish the effects of awe from other emotions, a 10-item version
of the Positive and Negative Affect Scale (PANAS; Thompson, 2007) was
used to measure affect. It comprises five items measuring positive affect
(alert, inspired, determined, attentive, active; a = 0.79) and five items
measuring negative affect (upset, hostile, ashamed, nervous, afraid; o« =
0.83). Participants rated how often they experienced the affective states
from 1 = never to 5 = always.

3.2. Results

Table 1 shows the bivariate correlations between the key variables in
Study 1. There were significant positive correlations between prior
learning about nature and awe (r = 0.19, p = .005) as well as nature
connectedness (r = 0.27, p < .001). Awe and nature connectedness were
also positively correlated (r = 0.47, p < .001). We also noted that

Table 1
Means, standard deviations, and bivariate correlations of the variables in Study
1.

M (SD) 1 2 3 4 5
1. Knowledge about 15.55 -
nature (5.19)
2. Awe 4.64 19%* -
(0.92)
3. Nature 4.59 27FFE 47
connectedness (0.78)
4. Positive affect 3.21 —.08 39rkk o 25%RE
(0.66)
5. Negative affect 2.46 —.16* —.06 —.02 12 -
0.74)
6. Exposure to nature 3.06 11 .08 19%* .03 —.14*
1.0

Note. *p < .05; **p < .01; ***p < .001.

exposure to nature was related to nature connectedness (r = 0.19, p =
.005), but not awe (r = 0.08, p = .251).

We ran a mediation analysis using Model 4 of the PROCESS Macro in
SPSS (Hayes, 2013). To assess indirect effects, we generated 95%
bootstrapped confidence intervals with 5000 draws, following recom-
mendations by Hayes and Scharkow (2013). All regressions in the model
(Fig. 1 and Table 2) included contact with nature and positive and
negative affect as covariates. According to the model paths, knowledge
about nature positively predicted awe (f = 0.21, B = 0.04, SE = 0.01, p
= .001), which in turn positively predicted nature connectedness (§ =
0.38, B =0.32, SE = 0.05, p < .001). The direct path, knowledge about
nature predicting nature connectedness while controlling for awe, was
also significant (p = 0.20, B = 0.03, SE = 0.01, p = .001). Overall, there
was a significant indirect effect of knowledge about nature on nature
connectedness via awe (B = 0.01, SE = 0.00, 95% CI = [0.00, 0.02]). The
total effect, i.e., the sum of the direct and indirect effects, was also sig-
nificant (B = 0.04, SE = 0.01, 95% CI = [0.02, 0.06], p < .001). These
findings provided preliminary support for a partial mediation model in
which learning about nature (assessed using knowledge as a proxy)
predicts higher levels of nature connectedness through promoting awe.
Overall, there is a small-to-medium effect of learning about nature on
both awe and nature connectedness when all other covariates are
controlled for.

4. Study 2

In Study 2, we sought to test whether a nature learning intervention
can promote a sense of awe and nature connectedness. We also
compared the learning intervention with a control condition that
involved mere exposure to nature.

4.1. Method

4.1.1. Participants and procedure

Undergraduate students were recruited from the same Singaporean
university as Study 1 for a combination of cash (SGD$15) and 2 course
credits. Based on an effect size of d = 0.49 from Study 1', a power
analysis performed with G*Power 3.1 (Faul et al., 2007) for alpha = 0.05
and power = 0.80 indicated a required sample size of n = 134 for a
between-subjects design. The study was advertised on the university’s
online subject pool system as a study on nature-based intervention and
emotions. The specific focus on learning and awe was not revealed to
students. Interested students attended an online briefing to understand
the study requirements. Participants were notified that they needed a
smartphone with a working camera to take part in the intervention.

1 Converted from the correlation (r = 0.24) between learning and nature
connectedness in Study 1.
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Awe
a=0.21** b=0.38***
= * Xk ¥
Knowledge G=ea Nature
(Species identification) ¢ = 0.20%* connectedness

Fig. 1. Mediation model for the effect of learning about nature on nature connectedness via awe.
Note. The numbers reported are standardized coefficients. The model controlled for positive affect, negative affect, and exposure to nature as covariates. *p < .05; **p

<.01; ***p < .001.

Table 2
Unstandardized and standardized coefficients for the mediation model with
covariates.

Parameter b (SE) 95% CI B t p
Predicting awe
Knowledge about 0.04 [0.02, 0.06] 0.21 3.35 .001
nature (0.01)
Exposure to nature 0.03 [-0.08, 0.03 0.55 .580
(0.05) 0.14]
Positive affect 0.58 [0.41, 0.75] 0.42 6.81 <.001
(0.10)
Negative affect —0.08 [-0.24, -0.07 -1.09 .279
(0.07) 0.07]
Predicting nature connectedness
Awe 0.32 [0.21.0.43] 0.38 5.88 <.001
(0.05)
Knowledge about 0.03 [0.01, 0.05] 0.20 3.29 .001
nature (0.01)
Exposure to nature 0.09 [0.01, 0.18] 0.13 2.16 .032
(0.04)
Positive affect 0.12 [-0.03, 0.10 1.60 111
(0.08) 0.27]
Negative affect 0.04 [-0.08, 0.04 0.69 493
(0.06) 0.16]

They were also told that they had to complete three phases of the study:
a pre-test survey, a two-week intervention (described to participants as a
nature diary activity), and a post-test survey.

After attending the online briefing, participants provided their
informed consent and completed a pre-test survey including measures of
their baseline levels of awe and nature connectedness. Next, participants
were randomly assigned into either the nature exposure or nature learning
condition, and received the respective instruction sheet (see supple-
mentary material), including the procedures for downloading the rele-
vant phone applications. All participants were asked to use Google Photos
to host their nature diary. Participants in the learning condition were
also asked to download Google Lens or Seek by iNaturalist to facilitate
their learning. Each day over the next two weeks, all participants had to
post on Google Photos two photographs of organisms they encountered in
their daily lives (e.g., plants, animals, fungi) with relevant captions for
each photograph. The organisms could, for example, be of a tree seen
from a window or a bird found on the way to school. All participants
were required to photograph unique organisms each day instead of
repeating the same organism. The key difference between the two
conditions was in the captions participants were instructed to write.
Participants in the exposure condition were instructed to write a general
description of the organism—what it looked like, what it appeared to be
doing, or where it was found. Participants in the learning condition were
instructed to identify the organism and write one fun fact they learned
about it. To do this, it was suggested that they could use either the Seek
by iNaturalist or Google Lens apps. When using the app, participants

simply pointed their phone cameras at the organism of interest, and the
app would return the best match for what was spotted. Having identified
the organism, participants could enter the species name into a search
engine to learn more about the species. At the end of the 14-day period,
participants completed the post-intervention survey within the
following two days.

In total, 147 participants completed the pre-test survey. Some par-
ticipants in this sample were excluded from analyses for the following
reasons: uploading insufficient entries (less than 12 out of 14 days; N =
9), writing captions that clearly did not follow study instructions (N =
3), failing to complete the post-test survey (N = 2), failing the attention
check in the post-test survey (N = 2) and voluntarily withdrawing from
the study (N = 4). The final sample comprised 127 participants (Nexpo-
sure = 66, 80.3% f‘En'laleexposure; Moage (exposure) = 21.1, SDage (exposure) =
2.06; Nlearning = 61, 70.5% female learning, Mage (learning) = 20.9, SDage
(exposure) = 1.78), just slightly short of our targeted sample size.

4.1.2. Measures

In this study, learning about nature was manipulated through the
experimental instructions. The measures of awe, nature connectedness,
and positive and negative affect were similar to Study 1. In the post-
intervention survey, we highlighted to participants that they should
answer the items based on their experiences during the two-week
intervention rather than a long-term period. In addition, the following
measures were administered in the post-intervention survey.

Exposure to nature. Like Study 1, participants were asked how
often they visited green spaces near their home and far from home.
However, to adapt the measure to the intervention’s duration, partici-
pants indicated the number of days (out of 14) they visited green spaces
in the intervention period.

Perception of nature. This is an exploratory measure to verify that
learning about nature can indeed evoke the perception of awe qualities
(i.e., vastness) in nature. Participants were asked the extent to which a
list of words describes nature. These words were based on how nature is
typically described in psychological literature. Three items (i.e.,
restorative, calming, peaceful; a = 0.90) are related to the restorative
properties of nature (Berman et al., 2008; White et al., 2013), while four
items (i.e., beautiful, intelligent, complex, vast; a« = 0.80) are
awe-eliciting qualities (Keltner & Haidt, 2003; Shiota et al., 2007). The
items were rated on a 7-point scale (1 = does not describe at all to 7 =
describes very well).

Intervention experience. A manipulation check comprising six
items was administered to assess various aspects of participants’ sub-
jective experiences between the two conditions. Participants rated their
agreement that the intervention was enjoyable, that they were observant
of their surroundings, had contact with nature every day, have learnt a
lot about the natural world, looked at nature with more fascination than
before, and were surprised by their observations. The statements were
rated on a 7-point scale (1 = strongly disagree to 7 = strongly agree).
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Engagement with the intervention. Engagement is defined
broadly as the investment of energy into an activity and may influence
how effective an intervention is for participants (Nahum-Shani et al.,
2022). Participants rated if they felt like they were “completing the diary
entries to get them over with each day”. This item was rated on a 7- point
scale (1 = strongly disagree to 7 = strongly agree) and reverse scored for
easier interpretation.

4.2. Results

Descriptive statistics of the variables for the nature exposure and
nature learning conditions are presented in Table 3.

Randomization check. In the pre-test survey, there was no signifi-
cant difference in awe between participants in the exposure (M = 4.68,
SD = 0.93) and learning (M = 4.63, SD = 0.88) conditions, (125) =
0.33, p = .740. There was also no significant difference in nature
connectedness between the exposure (M = 4.24, SD = 0.76) and learning
(M = 4.40, SD = 0.87) conditions, t(125) = —1.11, p = .268.

Manipulation check. In terms of intervention experience, partici-
pants in the learning condition (M = 5.48, SD = 1.18), as compared to
the exposure condition (M = 4.33, SD = 1.46), reported having learned
more about the natural world t(125) = —4.83, p = <.001. The partici-
pants in the learning condition (M = 5.30, SD = 1.41) also reported more
fascination with nature compared to those in the exposure condition (M
= 4.64, SD = 1.56), t(125) = - 2.50, p = .014. However, participants in
the two groups did not differ in perceived enjoyment, being more
observant, having daily contact with nature, or being surprised by their

Table 3
Between-group and within-group differences in Study 2 outcomes.
Exposure Learning t p
M (SD) N M (SD) N
=66 =61
Experience
I felt that the activity was 4.96 4.92 0.15 .879
enjoyable. (1.31) (1.38)
I was observant of my 5.80 5.82 -0.10 .923
surroundings. (0.86) (1.07)
I had contact with nature every 5.59 5.82 -1.07 .287
day. (1.31) (1.07)
Ifeltlike I've learntalotabout  4.33 5.48 —4.83 <.001
the natural world. (1.46) (1.18)
I looked at nature with more 4.64 5.30 -2.50 .014
fascination than I did before. (1.56) (1.41)
I was surprised by some of my ~ 4.99 5.93 -1.43 157
observations. (1.69) (1.53)
Engagement
I felt like I was completing the 3.29 3.25 0.17 .868
diary entries just to get them (1.43) (1.40)
over with each day (reversed).
Perception of nature
Restorative 5.58 5.42 0.83 .407
(1.11) (0.98)
Vast 5.05 5.53 —2.63 .009
(1.06) (0.98)
Affect
Positive 3.34 3.31 0.28 .782
(0.72) (0.66)
Negative 2.08 2.04 0.37 .710
(0.59) (0.60)
Exposure to nature 5.61 5.48 2.23 .027
(2.70) (0.83)
Awe
Pre-test 4.68 4.63 0.33 .740
(0.93) (0.88)
Post-test 4.84 4.89 -0.29 774
(0.98) (0.95)
Nature connectedness
Pre-test 4.24 4.40 -1.11 .268
(0.76) (0.87)
Post-test 4.57 4.66 —0.58  .562
(0.75) (0.90)

observations (all ps > .05).

In terms of perceptions of nature, participants in the learning con-
dition perceived more vastness (Mjearning = 5.53, SD = 0.98 vs. Mexposure
=5.05, SD = 1.06, t(125) = —2.63, p =.009) in nature compared to the
exposure condition. However, there were no between-group differences
in the perception of restorativeness (Miearning = 5.42, SD = 0.98 vs.
Mexposure = 5.58, SD = 1.11, ¢(125) = 0.83, p = .407).

Within-subject differences in outcomes. We conducted dependent
samples t-tests to investigate whether awe and nature connectedness
differed between pre-test and post-test for the nature exposure and
learning conditions. Average self-reported awe increased significantly
from pre-test to post-test in the learning condition (¢(60) = 2.26, p =
.027), but not the exposure (t(65) = 1.37, p = .175) condition. However,
both the learning (¢(60) = 3.55, p = <.001) and exposure (t(65) = 4.11,
p = <.001) groups experienced significantly higher nature connected-
ness after the intervention.

Between-subjects differences in post-intervention outcomes. In
the post-test survey, there was no significant difference in awe (Miearning
= 4.89, SD = 0.95 vs. Mexposure = 4.84, SD = 0.98; t(125) = —0.29,p =
.774) and nature connectedness (Miearning = 4.66, SD = 0.90 VS. Mexpo-
sure = 4.57, SD = 0.75; t(125) = —0.58, p = .562) between participants in
the exposure and learning conditions.

Moderated mediation. Similar to the results of the between-groups
t-test, there was no effect of study conditions on awe in the multiple
regression (f = 0.07, B = 0.13, SE = 0.14, p = .349), even after con-
trolling for covariates” (i.e., affect and nature contact, along with pre-
test levels of awe and nature connectedness). This was contrary to the
hypothesis. Therefore, we tested participants’ individual characteristics
to examine if the efficacy of the learning condition may differ across
participants (Table 4). We first tested for interaction effects between
study conditions and pre-test levels of awe (p = 0.12, B = 0.05, SE =
0.15, p = .748) and nature connectedness (f = —0.09, B = —0.04, SE =
0.14, p = .786) on post-test awe.

Neither of these traits moderated the condition effects.” We then
added levels of participants’ engagement with the intervention and the
interaction between levels of engagement and study conditions in the
regression model predicting awe. Although there was no main effect of
levels of engagement (p = 0.00, B = 0.00, SE = 0.07, p = .985), there was
a significant interaction between levels of engagement and study con-
ditions (p = 0.21, B = 0.21, SE = 0.09, p = .027), suggesting that the
learning condition showed a stronger effect (compared to the exposure
condition) on promoting awe when participants were engaged.

Based on this finding, we fitted a moderated mediation model (Fig. 2
and Table 5) using PROCESS (Model 7). In the first stage of the media-
tion, the interaction between levels of engagement and study conditions
predicting awe was significant (p = 0.21, B=0.21, SE = 0.09, p = .027).
There was no main effect of study conditions (f = 0.07, B =0.13, SE =
0.13, p =.320) or levels of engagement (p = 0.00, B = 0.00, SE = 0.07, p
=.985) on awe. Awe, in turn, predicted nature connectedness (p = 0.34,
B = 0.29, SE = 0.06, p = <.001). There was no direct effect of study
conditions on nature connectedness (§ =-0.02, B = —0.03, SE = 0.09, p
= .718). Based on the bootstrapped confidence intervals, the index of

2 We assessed possible multicollinearity by looking at the correlations be-
tween pre- and post-intervention levels of awe and nature connectedness. The
correlations between the predictor variables of the mediation model (pre-test
awe, pre-test nature connectedness and post-test awe) were all below 0.7,
suggesting no multicollinearity concern. Therefore, we included these baseline
measures as controls in multiple regression.

3 Pre-test levels of awe (r = 0.21, p = .019) and nature connectedness (r =
0.28, p = .002) were found to be moderately correlated with levels of
engagement, even though they did not have direct moderation effects. This
suggests that individual differences may have affected engagement in the ac-
tivity. However, there may also be other situational factors (e.g., busy sched-
ules) that have influenced engagement which were not measured in the study.
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Table 4
Multiple regression models predicting awe.
Parameter B (SE) i} P B (SE) B p B (SE) i P B (SE) p p
Condition (Learning vs. exposure) 0.13(0.14)  0.07 349 -0.11 —0.05 .896 0.25(0.75)  0.13 740 0.13(0.13)  0.07 .320
(0.72)
Positive affect 0.41 (0.10) 0.29 <.001 0.42 (0.10) 0.30 <.001 0.41 (0.10) 0.30 <.001 0.41 (0.10) 0.29 <.001
Negative affect -0.17 —0.11 131 -0.17 -0.11 .136 -0.17 —0.11 131 -0.15 —-0.09 191
(0.11) (0.11) (0.11) (0.11)
Contact with nature 0.04 (0.02) 0.13 .087 0.04 (0.02) 0.13 .087 0.04 (0.02) 0.13 .089 0.04 (0.02) 0.12 .090
Pre-test awe 0.51 (0.09) 0.47 <.001 0.48 (0.11) 0.45 <.001 0.51 (0.09) 0.47 <.001 0.45 (0.19) 0.42 <.001
Pre-test nature connectedness —0.00 —0.00 .961 -0.01 —0.00 914 0.01 (0.14) 0.01 .946 -0.01 0.00 .899
(0.10) (0.10) (0.10)
Pre-test awe*Condition 0.05(0.15)  0.13 .730
Pre-test nature —0.03 —0.06 .875
connectedness*Condition 0.17)
Engagement 0.00 (0.07)  0.00 .985
Engagement*Condition 0.21 (0.09) 0.21 .027
Engagement
Awe
@ .1 5D engage = ~0-09 b = 0.34%**
- *
a 415D engage = 0.25
Condition X Nature
Learning vs. exposure =002 connectedness

Fig. 2. Moderated mediation model for the effect of learning about nature on nature connectedness via awe.
Note. The numbers reported are standardized coefficients. The model controlled for exposure to nature, positive affect, negative affect, pre-test awe, and pre-test
nature connectedness as covariates. The total effect, i.e., ¢ path, is not reported because of conditional indirect effects.

*p < .05; **p < .01; ***p < .001.

moderated mediation was significant (moderated mediation index =
0.06, SEpoot = 0.03, Clypot = [0.00, 0.14]). When levels of engagement
were high (i.e., 1 SD above the mean), the indirect effect of learning
condition on nature connectedness via awe was significant (B = 0.13,
SEpoot = 0.06, Clpoor = [0.02, 0.27]). However, there was no significant
indirect effect at mean (B = 0.04, SEpoot = 0.04, Clpoot = [—0.03, 0.13])
or low levels of engagement (i.e., 1 SD below the mean; B = - 0.05,
SEpoot = 0.06, Clpoot = [—0.17, 0.071).

Together, in Study 2 we were able to replicate Study 1’s mediation
effect, but only among participants who were engaged in the learning
experience during the intervention. Controlling for covariates, we found
a small-to-medium effect of the intervention on awe when engagement
was high. Awe, in turn, had a medium-to-large effect on nature
connectedness. Based on descriptive statistics, 31 out of 127 participants
were sufficiently engaged (i.e., score of 5 or above out of 7) in the
activity.

5. General discussion
5.1. Key findings

Overall, our study concurs with past research findings (e.g., Kossack
& Bogner, 2012; Lieflander et al., 2013) that learning about nature may
improve nature connectedness and suggests an explanatory mechanism
for why that is the case. Learning about the intelligence and complexity
of other life forms can help to trigger a sense of awe, which in turn
promotes the perception of one’s self as part of nature. Study 1 showed
that people who knew more about nature were higher in dispositional
awe and nature connectedness. Importantly, these effects remained

significant even after controlling for exposure to nature. Study 2
demonstrated that learning about nature increased the experience of
awe, as compared to simply observing nature, but only if participants
were engaged in the learning activity. The experience of awe was, in
turn, associated with higher nature connectedness, which was consistent
with Study 1’s findings. We acknowledge that the operationalization of
the independent variable differs between the two studies. Study 1 used a
species identification quiz; knowledge of nature was taken as a proxy
indicator of prior learning. Study 2 directly manipulated the learning
experience without assessing participants’ knowledge. This was because
administering the quiz pre-test might have made the hypothesis
apparent to participants. Moreover, having a pre- and post-test quiz
might produce increased scores due to practice effect. Participants might
be prompted to look up organisms they saw in the quiz, including those
in the exposure condition, which may have contaminated the experi-
mental conditions. To assess whether our manipulation was effective,
we included additional measures in the post-test survey, e.g., having
learnt a lot about the natural world and perceived vastness in nature.
Our research, particularly Study 2, has several notable strengths.
First, the intervention involves only free and accessible smartphone
applications, which educators and individuals can download for im-
mediate use. Second, the intervention is self-directed and suitable for
implementation in urban environments, where nature is often perceived
to be scarce. Third, the pretest-posttest experimental design allowed us
to not only assess the effects of the nature intervention compared to the
baseline level, but also how it fared compared to a condition that
involved mere exposure to nature. This comparison, which has not been
made in past studies to our knowledge, may help educators to under-
stand how nature learning experiences uniquely contribute to
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Table 5
Unstandardized and standardized coefficients for the mediation model with
covariates.

Parameter b (SE) 95% CI B t p
Predicting awe
Condition (learning vs. 0.13 [-0.12, 0.07 1.00 .320
exposure) (0.13) 0.40]
Contact with nature 0.04 [-0.00, 0.12 1.71 .090
(0.02) 0.09]
Positive affect 0.41 [0.21, 0.29 4.05 <.001
(0.10) 0.61]
Negative affect -0.15 [-0.37, —0.09 -1.31 .191
(0.11) 0.07]
Pre-test awe 0.45 [0.27, 0.42 5.09 <.001
(0.09) 0.62]
Pre-test nature -0.01 [-0.21, -0.11 -0.13 .899
connectedness (0.10) 0.19]
Engagement 0.00 [-0.13, 0.00 0.02 .985
(0.07) 0.13]
Engagement*Condition 0.21 [0.03, 0.21 2.24 .027

(0.09) 0.40]
Predicting nature connectedness

Awe 0.29 [0.17, 0.34 4.67 <.001
(0.06) 0.41]

Condition (learning vs. —0.03 [-0.22, —0.02 -0.36 718

exposure) (0.09) 0.15]

Contact with nature 0.01 [-0.02, 0.03 0.56 .575
(0.02) 0.04]

Positive affect 0.12 [-0.03, 0.10 1.52 .130
(0.08) 0.26]

Negative affect 0.11 [-0.04, 0.08 1.45 .149
(0.08) 0.27]

Pre-test awe -0.21 [-0.35, -0.23 -3.15 .002
(0.07) —0.08]

Pre-test nature 0.71 [0.57, 0.69 10.22 <.001

connectedness (0.07) 0.84]

individuals’ nature connectedness. Fourth, the study used small,
mundane nature for inducing awe, contrasting with past research that
featured physically vast nature, such as sweeping landscapes and tall
mountains (Gordon et al., 2017; Yang et al., 2018), as stimuli. People
who live in cities often lack access to physically vast nature, so it was
encouraging to find that urbanites could perceive awe in unassuming
natural elements when provided with the opportunity to learn about
them. Our results support the proposition that urban nature holds po-
tential for fostering nature connectedness and pro-environmental atti-
tudes (Dunn et al., 2006).

The findings of Study 2 suggest that the effect of learning about
nature on awe (relative to mere exposure) and nature connectedness
may vary in magnitude, in part depending on levels of participant
engagement. In Study 2, only a quarter of participants were sufficiently
engaged in the intervention to experience its intended effect. In retro-
spect, this makes sense because since students were participating for
cash and course credit, some may have simply gone through the study
activity to fulfil the research participation requirements. For example,
participants in the learning condition may simply copy a plain fact from
the first search result that appears in the search engine. This meant that
the facts they reported might not have been interesting or fascinating,
and even if they were, the participant might not have thought much
about it. Furthermore, if participants were withholding their investment
of emotional energy in this intervention, their experience of awe may be
impeded even if they encountered fascinating stimuli. Overall, Study 2
suggests that having an educational component in a nature experience
only offers additional benefits relative to mere exposure if participants
feel engaged. Future studies in environmental education could explore
how to improve participant engagement. For instance, creating a
conducive setting for learner-learner interaction may help build a sense
of community for those involved in a learning experience together (F.
Martin & Bolliger, 2018). In the case of our digital intervention, having
the participants keep a shared diary with a few others, or encouraging

them to post about their observations on the social media may make the
experience feel more social, rather than a solitary assignment. This is
just one among many possibilities. As important as content is in edu-
cation, finding ways to ensure that participants are motivated and
engaged is also key to achieving the desired outcomes.

Also notable in Study 2, the pre- and post-intervention comparisons
found increases in nature connectedness, yielding small-to-medium ef-
fect sizes, for both the exposure and learning groups. This implies that
both learning and mere exposure to nature promoted nature connect-
edness among our participants. This corroborates past research which
showed that nature connectedness is associated with time spent in na-
ture (Cheng & Monroe, 2012; Nisbet et al., 2009). The biophilia hy-
pothesis (Wilson, 1984) posits that people have an innate tendency to
bond with nature, implying that it does not take very complicated or
effortful interventions to promote nature connectedness. For instance, it
is possible that having people interact with the nature that exists in their
backyard can already yield increased nature connectedness. We cannot
take for granted, however, that city dwellers would notice nature despite
having access to urban greenery. The urban environment is filled with
other stimuli that demand directed attention, such as traffic, crowds,
and billboards, which may distract people from the natural features in
cities (Amati et al., 2018). Digital tools, such as the photo diary we used
in Study 2, may motivate participants to take notice of the nature they
would have otherwise overlooked in their daily lives. Our findings
highlight the possibility that technology can facilitate nature exposure
and promote nature connectedness. This contrasts with other studies
which found that using mobile devices consumed people’s attention and
distracted them from natural stimuli, thereby reducing nature exposure
and connectedness (Jiang, Schmillen, & Sullivan, 2019; Wang et al.,
2023). Palpably, whether technology connects or divides humans and
nature depends on how it is used.

Relatedly, we found a significant direct effect of learning about na-
ture on nature connectedness in Study 1, but not Study 2. There are
several plausible explanations for this. First, both experimental condi-
tions in Study 2 promoted nature connectedness among participants.
There was only a slight difference in post-test nature connectedness
between the learning and exposure groups as both conditions managed
to yield an increase in nature connectedness from the pre-test mea-
surements. A larger sample size may be required to detect such a small
direct effect. Second, there may be a bidirectional relationship between
learning about nature and nature connectedness. Although learning
about nature may foster nature connectedness, it is also possible that
nature connectedness promotes learning about nature. People with high
nature connectedness may be more interested in learning about the
natural environment. The direct relationship found in Study 1, being a
correlational result, may be attributed to the effect of nature connect-
edness on learning. Third, the difference in results may be attributed to
how learning about nature was operationalized across the two studies.
Study 1 measured participants’ biodiversity knowledge that might have
accumulated over years of learning through a broad range of educa-
tional experiences. In contrast, Study 2 was a one-off, unstructured
learning intervention. As such, Study 1 might have assessed more in-
depth learning (i.e., involving more complex contents) which could
not be captured by the short-term learning intervention in Study 2.
Learning about nature, especially when it involves higher-order
ecological knowledge beyond mere species identification, can help in-
dividuals understand how humans are part of nature (Palmberg et al.,
2018). Examples include understanding food webs or carbon cycles,
which may inspire individuals to develop mental representations of how
humans are interconnected with nature. In other words, learning about
nature may promote nature connectedness not just because it opens one
to how fascinating and vast nature can be, but it may also promote
understanding of exactly how humans and other species on Earth are
interrelated.
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5.2. Study limitations and future directions

We acknowledge some limitations of our studies. First, it is difficult
to establish the causal chain of learning experiences leading to awe and,
subsequently, nature connectedness. A mediation analysis is insufficient
for establishing a causal mechanism (Spencer et al., 2005). Notably, we
did not manipulate the mediator, i.e., awe. Therefore, we cannot
confirm if awe causes nature connectedness as per our theorizing.
However, we note that separate research has found increases in nature
connectedness following the experimental manipulation of awe (Yang
et al., 2018; J. Liu et al., 2023).

Second, we used a single-item measure of engagement in Study 2. We
included it as an additional moderator for exploratory analysis and
found that it was important in determining the efficacy of the inter-
vention. As mentioned, engagement can be broadly defined as the in-
vestment of energy into an activity. There are different types of energy,
namely physical, affective, and cognitive energy (Nahum-Shani et al.,
2022). Physical energy investment is, simply put, participating in an
activity or following directions (Newton et al., 2020). Some studies on
digital interventions have assessed physical activity investment by
tracking usage duration and frequency. However, in our case, all par-
ticipants had to post frequently on their diaries and carry out the study
instructions, so we believe that variation in physical energy investment
was quite small in our sample. Instead, our participants may have
differed in affective energy investment, which refers to feeling positive
affect regarding the activity, such as pride or enthusiasm (Bowden et al.,
2021). They may also have varied in cognitive energy investment, which
is about paying attention to and processing information that is related to
the activity (Kahn, 1990). The feeling of getting something over with, as
we have used to measure engagement, may be related to both a lack of
cognitive and emotional energy investment. Considering that engage-
ment may be multi-dimensional, future studies can consider using more
extensive measures of engagement to clarify the effects of each type of
energy investment.

Third, we cannot confirm if the hypotheses and results are general-
izable to other populations. Environmental education studies, especially
those involving nature experiences, often focus on younger populations
(e.g., Burgess & Mayer-Smith, 2011; Kossack & Bogner, 2012; Lieflander
etal., 2013). In our case, we recruited undergraduate samples. However,
it is also important to consider whether learning interventions can work
on the general public as part of public education initiatives. Research
suggested that people may become less curious as they age (Chu et al.,
2020; Robinson et al., 2017). Older populations may be less motivated to
process the novel information in learning interventions, thus affecting
their level of engagement. This implies that receptiveness to learning
experiences may differ across age and this can affect the efficacy of
learning interventions for younger vs. older populations. It is possible
that learning interventions are more effective (i.e., yielding higher effect
sizes) at promoting nature connectedness through awe among younger
populations. Older populations, on the other hand, may experience
increased nature connectedness from other nature activities that are less
cognitively effortful. This, of course, is a generalization; there are many
older adults who engage in lifelong learning. We also note that our
samples comprised a majority of female participants. Some studies
suggest that females have stronger nature connectedness (Lengieza &
Swim, 2019) and interest in biological sciences compared to males
(Baram-Tsabari & Yarden, 2008). It is possible that females may be
predisposed to show higher levels of engagement in our tested inter-
vention, thereby yielding higher effect sizes than if we had a
gender-balanced sample. However, we do not mean to make sweeping
assumptions based on age or gender; our intention is to highlight that
efforts to promote nature connectedness should consider not only which
interventions work, but also on whom they are the most effective. While
some people may feel more connected to nature through learning ex-
periences, others may benefit more from interventions that involve
mindfulness or aesthetic appreciation. For instance, individuals may

differ in their propensity to engage with natural beauty (see Diessner
et al., 2008), and this may affect their potential for developing nature
connectedness through noticing nature’s aesthetic qualities. The
concept of person-intervention fit in promoting nature connectedness
has yet to be explored. We believe that future studies on matching in-
dividual variables (e.g., age, gender, dispositional affect, cognitive
styles, and engagement with beauty) to the mode of engaging with na-
ture will be practically valuable, as they can help to maximize partici-
pant engagement and the benefits of intervention efforts.

6. Conclusion

In sum, the present research serves to promote further understanding
of the different pathways to nature connectedness. More than just an
inexplicable feeling, nature connectedness can attest to how humankind
perceives their relationship with the natural world—are Homo sapiens an
exceptionally intelligent species positioned at the top of the hierarchy of
life, or are they just a small part of infinitely complex living systems? It
may be difficult to answer these questions through mere exposure to
nature. Learning about and developing an appreciation for the diversity
and complexity of nature could be key to help people recognize that they
are part of something greater, and that their well-being is intimately
connected to the flourishing of other species on Earth. Perhaps, such a
view of the world is why learners of natural sciences remain so
committed to environmental protection. Beyond simply learning about
why and how to behave pro-environmentally, we believe that educating
people about the natural world can promote pro-environmentalism by
shaping views on human-nature relationships.
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