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Abstract

This study develops and provides psychometric validity of a new multidimensional mea-
sure of connection to nature (CTN)—the DEEP Connection to Nature Scale. Addressing lim-
itations of existing scales, the new scale attempts to emphasize self-integration with nature
while capturing the three commonly accepted aspects of connection to nature—Cognitive,
Emotional, and Behavioral. Using both exploratory and confirmatory factor analyses across a
sample of 1152 and 657 adults, respectively, a four-factor structure was validated: Depth of
identity, Emotional connection, Experiential connection, and Presence within nature. The scale
demonstrated good internal consistency, convergent validity with existing CTN measures,
and predictive validity for pro-environmental behavior (PEB). Notably, the DEEP CTN
Scale explained more variance in PEB (30%) compared to two widely used unidimensional
measures. Specifically, people who are high Emotional connection and high Presence within
nature report more PEB. These relationships remain robust when controlling for relevant
covariates. As a point of comparison, predictive validity was conducted with a composite
score of psychological well-being. People who are high in Presence within nature and low
in Emotional connection report higher well-being. In sum, the DEEP CTN scale is a psycho-
metrically sound, theory-driven measure that addresses key limitations of previous scales.
As such, we hope it offers researchers and practitioners a tool to better understand and
cultivate meaningful connections with nature.

Keywords: connection to nature; pro-environmental behavior; well-being; environmental
identity; nature relatedness; human–nature relations; multidimensional scale; psychological
measurement

1. Introduction
We are currently in the midst of several human-created environmental crises. To

name a few: global heating from increased greenhouse gases, leading to increasing ocean
levels from melting sea ice; increased likelihood of extreme weather events, mass species
extinctions, and destruction and degradation of Earth’s rainforests; and mass dieback of
coral reefs [1–4]. Despite growing concern for these environmental crises [5], researchers
have sought to understand why actions addressing them are lacking. One proposed
explanation is that humans are becoming more disconnected from the natural environment
(e.g., referred to as “nature deficit disorder” [6] and “extinction of experience” [7]). With
an increasing number of Earth’s population living in heavily industrialized societies, their
daily connection with the ecosystem that sustains them is limited. As examples, food
is delivered pre-packaged, grown in soil thousands of miles away; summer heats and
winter chills have little impact on daily lives when climate-controlled conveniences keep
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homes and workplaces at a stable temperature year-round; a drought may result in a dead
lawn, but the average American can still turn one of several taps in their home to access
clean drinking water. In sum, there is growing evidence that humans have become more
physically, emotionally, and cognitively disconnected from the natural world (see [8,9]
for review).

Given that people’s growing disconnection with nature is likely to underlie their
impassivity with respect to pro-environmental behaviors (PEBs), there has been an effort
by researchers to find ways to enhance people’s connection to nature (CTN) by exploring
its correlates. As an example, studies have shown that greater CTN is associated with more
exposure to nature (e.g., taking frequent walks in nature), and these correlational findings
have inspired the development of interventions showing that encouraging people to take
more nature walks increases CTN (see [10,11] for a meta-analysis), with the hope that this
then increases PEB. As part of this endeavor to understand the relationship between CTN
and PEB, it is crucial to critically assess how CTN is defined and measured within the
context of research studies. As such, the purpose of the current paper is to review what we
see as the limitations of CTN measures and to present a newly validated scale, the DEEP
Connection to Nature Scale, which we believe overcomes some of these limitations. Table 1
provides a list of CTN measures relevant to the discussion of these limitations.

The first limitation concerns how the conception of CTN tends to get muddied when
researchers translate it into a measure. Specifically, one of the most agreed upon ways CTN
has been conceptualized is in terms of the individual being integrated with the natural
environment, using terms such as interconnectedness, a sense of we-ness, a fundamental
sameness, feelings of oneness, or continuity with nature [12–17]. The idea of self-integration
with nature is influenced heavily by early conservationists (e.g., Aldo Leopold [18]) and
ecological philosophers (e.g., Aerne Naess [19] and Theodore Roszak [20]) who called
for the elimination of the human–nature binary. They argued that it is the perceived
separateness of humans from nature that leads to decreased concern for, and protection
of, nature [19–22]. So important is the influence of these ecological philosophies that they
are routinely cited in the introductory paragraph of papers that create and/or use CTN
measures. Unfortunately, when researchers begin to develop CTN scales, the sense of
self-integration with nature tends to get lost, as many of the items on such measures couch
“nature” as an external entity existing “out there”, separate from humanity. For example,
“My ideal vacation spot would be a remote, wilderness area” positions nature as a separate
entity from humans. To address this issue, the scale development of the current paper
attempted to use items that capture the spirit of self-integration with nature, such as “I
think about the ‘shared breath’ between myself and plants; I breathe in the oxygen released
by plants, and plants use the carbon dioxide I exhale.”

A second limitation with current CTN scales concerns the controversy regarding
whether CTN is multidimensional or not. In its conceptualization, CTN has three com-
monly accepted aspects: (1) Cognitive—which includes beliefs, attitudes, motivations, and
goals relating to nature; (2) Emotional—which taps into self-reported positive emotions that
are often experienced within nature; and (3) Behavioral—which covers past and present
experiences in nature and the frequency those experiences take place (see [22] for a review
of these aspects, noting that there exists variance across studies in how these dimensions
are named). Despite this, historically, CTN scales have been created as unidimensional,
with researchers developing scales that emphasize only one of these three dimensions. For
example, the Connectedness to Nature Scale [15,23] and the Inclusion of Nature in the Self
scale [17] focus on the Cognitive component of CTN, while the Emotional Affinity with Na-
ture scale [24] and the Love of Nature scale [25] focus on the Emotional component of CTN.
This inconsistency has sparked a debate amongst researchers as to whether CTN should be
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considered a unidimensional (e.g., [26]) vs. multidimensional construct (e.g., [27–30]), as
well as what these dimensions should be.

Table 1. Measures of connection to nature and their dimensional structure.

Citation Measure Dimensions Identified
(Name Given by Researchers)

Current paper DEEP Connection to Nature

Cognitive (Depth of identity)
Emotional (Emotional connection)

Behavioral (Experiential connection)
Behavioral (Presence within nature)

15, 23 Connectedness to Nature Cognitive (unidimensional)

17 Inclusion of Nature in the Self Cognitive (unidimensional)

24 Emotional Affinity with Nature Emotional (unidimensional)

25 Love of Nature Emotional (unidimensional)

31 Nature Relatedness
Cognitive (NR-self)

Behavioral (NR-experience)
Human–Nature Worldviews (NR-perspective)

16, 37 NR-6 Cognitive (unidimensional)

32, 33 Environmental Identity

Cognitive (Environmental identity)
Emotional (Appreciation of nature)

Behavioral (Enjoying nature)
Environmentalism a

12 Environmental Identity Revised Cognitive (unidimensional)

29 AIMES

Cognitive (Identity)
Emotional (Affect)

Behavioral (Experiential)
Human–Nature Worldviews (Materialism)
Human–Nature Worldviews (Spirituality)

28 CN-12
Cognitive (Identity)

Behavioral (Experience)
Human–Nature Worldviews (Philosophy)

48 Disposition to connect with nature Behavioral (unidimensional)

49 Ecospirituality scale b

Dwelling
Caring

Revering
Experiencing

Relating

Note: while this is not an exhaustive list of all CTN measures, it is meant to give a sense of the variety of dimensions
explored in the literature. a This dimension represents an identity that sees oneself as an environmentalist. b The
Ecospirituality scale was developed using a different theoretical background from traditional CTN scales and, as
such, displays different dimensional components.

The recommended statistical way to identify if CTN is composed of multiple dimen-
sions is to conduct some sort of structural analysis, e.g., factor analysis (see [22,27] for
discussion). Only two of the early CTN measures have reported multidimensional struc-
tures through factor analysis with differing factor structures: the Nature Relatedness scale
(NR) [31] and the Environmental Identity scale (EID) [32] (see [33] for factor analysis). Both
the NR and EID share dimensions that map onto the Cognitive and Behavioral aspects of
CTN, while the EID also includes the Emotional dimension. However, both scales contain
items that map onto additional dimensions not traditionally thought to be related to CTN
(a topic we return to in the Section 4). Specifically, the NR scale includes a dimension that
represents one’s worldviews about the relationship between humans and nature. Note that
this worldview, which includes beliefs about humans in general is thought to be distinct
from how the field generally conceptualizes CTN, which is an individual belief that the
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self is integrated with nature [17,34–36]. Likewise, the EID includes a dimension that is
not part of the general conceptualization of CTN, referred to as “Environmentalism”, which
represents the degree to which one believes that environmentalism is important and moral.
Interestingly, although the factor structures of both the NR and EID were once shown to be
multidimensional, factor analyses applied to more recent revisions of those scales (aimed to
improve clarity and conciseness) have shown them to be unidimensional (EID-revised [12];
NR-6 short form [16,37]).

Despite the NR-6 short form and EID-revised currently being used as unidimensional
scales, there continues to be exploration into the multidimensionality of CTN. Of specific
interest are two measures (the AIMES scale [29] and the CN-12 [28]) based on Ives and col-
leagues’ Human–Nature-Relations (HNR) framework [38] (The HNR framework identifies
five ways in which humans can relate to nature, ranging from shallow to deep connections,
with the deeper connections being proposed as the most likely to lead to both individual
and systemic change in pro-environmental behavior. Three of these five are able to be
directly mapped onto the three commonly accepted CTN dimensions: Cognitive (attitudes
and values), Emotional (various emotions relating to nature), and Behavioral (engaging in
activities within nature), as these capture beliefs about ones’ individual relationship with na-
ture. Two other dimensions are more appropriately viewed as human–nature worldviews,
as they capture beliefs about humans’ relationship with nature in general: Material (using
nature to extract value for humans) and Philosophical (beliefs of what nature is in relation
to humans).). Both the AIMES and the CN-12 were created and validated using survey
items and response data from a 2019 large-scale survey on residents’ values of nature [39],
which was inspired by the HNR framework. Despite using this same dataset, the AIMES
and CN-12 scales have different factor structures, due to using different structural analytic
approaches. The AIMES scale used a confirmatory factor analysis (CFA), wherein they
assigned items to one of five dimensions based on Ives’ framework and confirmed a five-
factor structure. These included the three commonly accepted aspects of CTN (Cognitive,
Emotional, and Behavioral; see above) plus the two human–nature worldview dimensions
of Ives (see footnote 1). By contrast, the CN-12 employed an exploratory factor analysis
(EFA), which revealed a three-factor structure: two of the three commonly accepted aspects
of CTN (Cognitive and Behavioral), plus a single human–nature worldview dimension. This
difference in analytical approaches between the AIMES and CN-12 studies highlights the
ongoing debate in psychometrics about the roles of EFA and CFA in scale development and
validation (see [40] for discussion). While each method has its strengths, some researchers
argue that a combination of both approaches (data-driven discovery and theoretical confir-
mation) may provide a more comprehensive understanding of scale structure [41]. As such,
in the current study, we adopted this integrated approach to create a new multidimensional
scale—the DEEP CTN scale—with the ultimate goal of asking the degree to which different
dimensions of the scale can successfully predict PEB, which we turn to in the next section.

To date, several studies have shown a positive association between various scales
of CTN and PEB, with several meta-analyses reporting moderate (r = 0.35 to 0.52) effect
sizes [11,30,42,43]. Most of these studies measured PEB using self-reported participation
in PEB and/or intentions to participate in PEB. When instead the outcome measure is
observed behaviors (e.g., volunteering to participate in a river cleanup), smaller effect sizes
are seen (r = 0.21 to 0.29 [30,42]). In addition, the majority of studies investigating the
relationship between CTN and PEB have used a unidimensional CTN scale, leaving open
the question of whether certain dimensions of CTN may be more or less associated with
PEB. Determining the degree to which cognitive, emotional, and behavioral aspects of CTN
(as described above) differentially impact PEB would allow the creation of interventions
that target aspects of CTN most likely to increase PEB.
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To our knowledge, only two studies have explored whether dimensions of CTN (from
the EID and the CN-12, above) differentially predict self-reported participation in PEB. A
multiple (stepwise) regression using the four-dimensional structure of the EID revealed
that the Environmentalism dimension was the strongest predictor of PEB [33]. However, this
is unsurprising given that their measure of PEB was self-reported behaviors (e.g., switching
to green products and driving less frequently) and the items from the Environmentalism
dimension asked if engaging in PEB was important and morally good. Unfortunately, this
paper did not report the results of the other dimensions of CTN (i.e., Cognitive, Emotional,
and Behavioral dimensions), leaving one to conclude that these more commonly accepted
dimensions do not contribute to PEB. For the other scale, CN-12, the authors reported
zero-order (i.e., pairwise) correlations between all their variables and showed that the
Cognitive dimension of CTN was the strongest predictor of PEB [28]. However, because
they did not conduct a multiple linear regression (where PEB is simultaneously regressed
against all dimensions of CTN), we cannot know the unique contribution of each CTN
dimension to PEB (see [44,45] for discussion).

The purpose of the current study was to develop and validate a multidimensional
CTN scale that addresses the above-described limitations of the previous measures. Our
approach focused on two key goals. First, we wanted to test if the three aspects of CTN
referred to throughout the literature (Cognitive, Emotional, and Behavioral) exist as latent
variables of CTN. To achieve this as thoroughly as possible, we collected items across a wide
range of the currently available CTN scales, with a focus on scales that were theoretically
grounded and addressed issues of self-report bias. We were careful to ensure sufficient
items represented each of the three aspects of CTN, remove redundancy across items from
various scales, and adapt items to be more generalizable across diverse populations. We
then used both EFA and CFA to make sure that our scale was created using a data-driven
approach, given the inconsistency of multidimensional models of CTN, while at the same
time acknowledging Ives’ theoretically driven HNR framework [38].

Second, we wanted our new scale to be composed of items that captured humans
as integrated with nature, specifically, being more of an embodied and/or spiritual lived
experience. While this idea is fundamental to the concept of CTN, it is our opinion that this
has gotten lost in the currently existing measures. To this end, we added several items (e.g.,
“I view nature as a mother who nurtures and cares for me”). In addition, while we included
worldview items from previous scales, we were mainly interested in the items that align
with philosophical/spiritual worldviews (e.g., “every part of nature is sacred”) rather than
materialistic worldviews (e.g., “forests are valuable mostly because they produce wood
products, jobs, and incomes for people”).

Over a series of four pilot studies, we developed the DEEP CTN Scale and explored
its factor structure using both EFA and CFA. The pre-registered study presented in this
paper confirms the factor structure identified in the pilot studies using an independent
sample and further investigates the following additional forms of measurement validity
for the DEEP CTN Scale: convergent validity (testing whether the new DEEP CTN scale
is related to established measures of CTN), predictive validity (testing whether the new
DEEP CTN scale is predictive of a dependent variable, like PEB, in an expected way), and
incremental validity (testing whether the predictive value of the new DEEP CTN scale
remains robust after accounting for covariates that are related to the dependent variable).
For a point of comparison, all measurement validity analyses were also conducted with a
different outcome measure, namely, a composite score of psychological well-being. This
is of interest, as there is increasing literature showing that CTN has a small-to-moderate
relationship with well-being [46–48].
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2. Materials and Methods
2.1. Pilot—Developing the DEEP CTN Scale

The development of the DEEP CTN Scale was conducted in our lab over the past
2.5 years in multiple phases:

2.1.1. Phase 1: Item Creation

We initially considered conducting a large factor analysis using items from every CTN
scale identified in an extensive search of the literature of all existing adult measures of CTN
(similar to [26]). However, this approach would have been burdensome for participants,
as this would include over 350 items, many of which were extremely similar in wording.
We ultimately used the AIMES scale [29] as a starting point, as it appeared to tap into
the commonly accepted aspects of CTN (Cognitive, Emotional, Behavioral; as discussed in
the Section 1). We supplemented the AIMES scale with the Disposition to Connect with
Nature Scale [49], as it included more Behavioral aspects of CTN and because this scale was
created to be less susceptible to self-report bias. The items from these two scales total 56
(AIMES = 16 items; Dispositional CTN = 40 items). Several items from each scale were
removed due to redundancy. We reworded several items for generalizability (e.g., “It makes
me miserable to see a hedgehog that was hit by a car” was reworded to “It makes me upset
to see an animal that was hit by a car”) and clarity (e.g., “If one of my plants dies, I reproach
myself” was reworded to “If one of my plants died, I would blame myself”). Any direct
references to “connection to nature” were removed to avoid concerns about participants not
fully understanding this concept (see [50] for discussion on this). This resulted in 43 items
retained from previous measures (AIMES = 13 items; Dispositional CTN = 30 items).

We created seven new items designed to capture behavioral, embodied, and experien-
tial relationships with nature (in line with the Disposition CTN [49]). This resulted in items
that asked about conscious attendance to nature. We created five new items tapping into
an integrated spiritual relationship with nature, which could better reflect one’s individual
lived experience instead of broader human–nature worldviews that describe beliefs about
humans in general. We also adapted two items from the Ecospirituality Scale [51] that re-
flected this integrated spiritual relationship with nature. This resulted in a total of 58 items.
See Supplementary Materials for details of item selection, adaptation, and creation.

2.1.2. Phase 2: Pilot Exploratory Factor Analysis

Exploratory Factor Analyses (EFAs) were conducted on three samples: two general
population Prolific samples (N = 575, N = 577) and one student sample (N = 485) between
November 2022 and April 2023. An EFA uses a data-driven approach to determine the
multidimensional structure. Here, the number of factors is not fixed, no loadings are forced
to be zero, and rotations are allowed to occur. This was conducted on the 58 items as
detailed in Phase 1 above. As a first step in our EFA, we eliminated all items that failed to
load greater than or equal to 0.40 onto any one factor and items that showed a cross-loading
of greater than or equal to 0.20. This resulted in a total of 30 items to be included in the
confirmatory factor analysis (CFA) (see Phase 3 below).

The results of the three EFAs are presented in Supplementary Materials. The results
consistently revealed a four-factor structure as the best fitting model, which we named the
following based on the representation of the items in each dimension and how they related
to the commonly accepted aspects of CTN (see Section 1):

1. Depth of identity (deeply seeing the self as part of nature, which represents the Cognitive
component of CTN);

2. Emotional connection (emotional desire to connect with and care for nature, which
represents an Emotional component of CTN);
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3. Experiential connection (spending and enjoying time in nature, which represents one
aspect of the Behavioral component of CTN);

4. Presence within nature (engaging mindfully and consciously with nature, which repre-
sents a second aspect of the Behavioral component of CTN).

2.1.3. Phase 3: Pilot Confirmatory Factor Analysis

The 30 items that were retained from the EFA were then analyzed in a CFA, wherein
the above four dimensions from phase 2 were fixed (see below for full explanation of
this analysis, which we replicated in our pre-registered study). Using a student sample
(N: 341), the analysis found that the proposed four-factor model was an adequate fit. It also
showed that a hierarchical model had adequate fit. Further, both models fitted better than
a unidimensional model with only one overall CTN dimension. These results were used
to create the scale, which we pre-registered to conduct the CFA and validation analyses
described in this paper. See Supplementary Materials for full methods and results of these
pilot studies.

2.2. Pre-Registered CFA and Validation

The hypotheses, study design, exclusion criteria, and analysis plan for this study were
pre-registered with the Open Science Foundation (https://osf.io/5xbvp/, registered on
22 January 2024).

2.2.1. Power Analysis

To ensure an adequate sample size for this analysis, we used a common rule of thumb
of including 10–15 subjects per variable [52]. Because our analysis involves 30 items, we
aimed to obtain usable data from 10 × 30 = 300 participants. We expected some attrition
and removals during data cleaning (estimated to be about 5% based on pilot data); we
therefore aimed to collect data from 315 participants. This number was very close to the
sample size resulting from a separate analysis applied to the multiple linear regression
analyses calculated for the predictive validity confirmatory analysis, with the following
parameters: anticipated effect size f 2 = 0.17 (based on pilot data and the previous literature,
we anticipate a moderate effect size); statistical power = 0.8; up to seven predictor variables
(plus 6 covariates) in the largest confirmatory model; and an alpha of 0.0125 (to account
for a Bonferroni correction for conducting four models). This results in a sample size of
290 participants. We similarly estimated 5% attrition and removals during data cleaning,
resulting in us aiming to collect data from 305 participants. As our CFA required a larger
sample size than the validity analyses, the total sample size required is determined by this
analysis. Thus, we planned for a sample size of 315 participants.

2.2.2. Participants

Using an online survey distribution platform to recruit participants (Prolific.com),
316 participants agreed to participate in a study on “attitudes and behaviors towards na-
ture” in January 2023. One participant failed to pass sufficient attention checks (minimum
required to pass was two out of three checks); as such, their data were not analyzed. The
final analysis consisted of 315 participants with ages ranging from 18 to 83 (M = 43.76,
SD = 14.53). The sample included 182 women, 120 men, 3 trans women, 1 trans man,
8 non-binary, and 1 unreported. The racial make-up of the sample was 197 White, 59 Black,
23 Asian, 16 Hispanic/Latinx, 12 mixed race, 2 Middle Eastern, 1 Indigenous, and 5 unre-
ported. The study was approved by the IRB committee at UCSD (#806617). All participants
gave their informed consent before participating and were compensated at USD 9/h (ap-
proximately USD 2.18 for completing a 14.5 min survey).

https://osf.io/5xbvp/
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2.2.3. Materials and Procedure

The study was conducted entirely online and remotely (through the Prolific platform
using Qualtrics surveys). Participants answered several questionnaires, which were used
for validation of the scale (see below): (1) the newly developed 30-item DEEP CTN Scale,
(2) the Connectedness to Nature Scale (CNS) [15], (3) the Environmental Identity Scale-
Revised (EID-r) [12], (4) the Recurring Pro-Environmental Behavior Scale (RPEBs) [53],
(5) the Primal Beliefs Inventory–Interconnected sub-scale [54], (6) the Ryff Well-being
scale [55], (7) the PANAS positivity sub-scale [56], and (8) the Subjective Vitality Scale [57]
(described in detail further below). Next, participants completed a demographics question
block (e.g., political ideology, socioeconomic status, and age). Last, participants were
instructed to rate their effort and attention levels on the questionnaires, which were used to
clean the data (see Supplementary Materials for details of this question). Participants were
also asked to submit an open-ended definition of nature, which was collected for a future
exploratory qualitative study.

New 20-Item DEEP Connection to Nature Scale. The new DEEP Connection to
Nature scale included 20 items developed from the EFA and pilot CFA studies (see above).
Table 2 displays the full list of items with titles based on the factor loadings found in the
pilot CFA. A long-form 30-item version of this scale was initially created. As all results were
similar for both the 30-item long form scale and the 20-item DEEP CTN Scale, all results
below are for the 20-item DEEP CTN Scale. All CFA results for the 30-item long-form scale
are included in Supplementary Materials.

Table 2. New 20-item DEEP Connection to Nature Scale.

Item Dimension

I view nature as a mother who nurtures and cares for me. Depth of Identity
Human beings and nature are connected by the same energy or

Life-force. Depth of Identity

My connection to nature is something I would describe as spiritual Depth of Identity
Every part of nature is sacred. Depth of Identity

I think about the shared breath between myself and plants; I breathe
in the oxygen released by plants, and plants use the carbon dioxide

I exhale.
Depth of Identity

Seeing a cleared forest is upsetting to me. Emotional Connection
If one of my plants died, I would blame myself. Emotional Connection

Thinking of someone carving their initials into a tree makes
me cringe. Emotional Connection

If there is an insect, such as a fly or a spider, in my home, I try to catch
and release it rather than kill it. Emotional Connection

I talk to the wild animals I encounter (e.g., birds, lizards,
rabbits, squirrels). Emotional Connection

I like to get outdoors whenever I get the chance. Experiential Connection
I feel uneasy if I am away from nature for too long. Experiential Connection

I engage and participate with nature to find meaning and richness
in life. Experiential Connection

My favorite place is in nature. Experiential Connection
Walking through a forest makes me forget about my daily worries. Experiential Connection

I take time to watch the clouds pass by. Presence within Nature
I deliberately take time to watch stars at night. Presence within Nature

I consciously watch or listen to birds. Presence within Nature
I take time to consciously smell flowers. Presence within Nature

When possible, I take time to watch the sunrise or the sunset
without distractions. Presence within Nature

Note: This table displays the full list of items for the new DEEP Connection to Nature scale. CFA confirmed a four-
factor structure. The Cronbach’s alpha for each dimension was Depth = 0.86, Experience = 0.88, Emotional = 0.70,
and Presence = 0.87 (see Section 3 for details).



Sustainability 2025, 17, 5680 9 of 23

Connectedness to Nature Scale. The CNS [15] is a 14-item unidimensional scale
designed to measure the cognitive beliefs about how interconnected one’s self is to nature.
It is measured on a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Cronbach’s alpha was 0.82. This scale was used for predictive validity.

Environmental Identity Scale revised. The EID-r [12] is a 14-item unidimensional
scale designed to measure how interconnected one’s self is to nature. It is measured on a
Likert scale ranging from 1 (not at all true of me) to 7 (completely true of me). Cronbach’s
alpha was 0.93. This scale was used for predictive validity.

Pro-Environmental Behavior. The Recurring Pro-Environmental Behavior scale
(RPEBs) [53] asks people to report how often they engage in various pro-environmental
behaviors. Modifications were made to clarify existing items (to view the scale used in this
study, view Supplementary Materials). This scale includes 20 items measured on a Likert
scale ranging from 1 (never) to 5 (always). Cronbach’s alpha was 0.79. This scale was used
for predictive and incremental validity.

Well-being. A single measure of well-being was created by combining scores from
three established measures: (1) the Ryff Well-being Scale [55]; (2) the 10-item positive affect
sub-scale of the PANAS [56]; and (3) the Subjective Vitality Scale [57]. Cronbach’s alpha for
this combined measure was 0.86. This scale was used to explore the relationship between
the new DEEP CTN Scale dimensions and well-being.

Interconnected Beliefs. Beliefs that the world is interconnected were measured using
the Interconnected sub-scale of the Primal Beliefs Inventory [54]. This was included as a
covariate when measuring incremental validity, as pilot data showed that this measure
is correlated to both the DEEP CTN Scale and PEB (see Supplementary Materials for a
full analysis of the pilot data). The Interconnected sub-scale consists of four items asking
how connected or atomistic one believes the world to be (e.g., most things are basically
unconnected and independent from each other [reversed]). All items are measured on a
Likert scale ranging from 1 (strongly disagree) to 6 (strongly agree). Cronbach’s alpha was
0.30 (While the Cronbach’s alpha within this sample was low, the alpha in the original paper
was 0.87 [53], and 0.73 in our pilot study, which suggests adequate internal consistency.
However, we note that the Primal Beliefs Inventory is a relatively new scale and may show
variability in internal consistency across samples as more data are collected.).

Other Demographics. Previous reviews on individual difference predictors of PEB
have found mixed evidence for age, gender, political ideology, and socioeconomic status
(SES) on PEB [30,43,58]. As such, these items were included in the study to account for
possible covariation in PEB. The Subjective Socioeconomic Ladder [59] was used to measure
SES. Participants mark where they believe they are on the ladder, with 10 representing
people who are the best off and 1 representing people who are the worst off. Political
ideology was measured using the average of three items asking about overall political ide-
ology, economic political ideology, and social political ideology measured on a Likert scale
ranging from 1 (extremely liberal) to 4 (middle of the road) to 7 (extremely conservative)
(the mean political ideology was 3.11 (1.7), and there was a skew towards more liberal
ideologies). Cronbach’s alpha was 0.94. These items were used for incremental validity.

2.2.4. Data Analysis

Basic descriptive analyses reported on means, standard deviations, and frequencies
of relevant variables. Normality, as assessed with visual inspection of histograms and
tests of kurtosis and skewness, was verified and met for all variables of interest. The
assumptions of all statistical tests were checked and met. The level of significance was set
to 2.5% (p < 0.025) for all tests; however, we emphasized effect sizes rather than statistical
significance since the latter is often misleading. Effect sizes were reported as the following:
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Pearson r values for bivariate correlations, with the rule of thumb that absolute values of
0.10–0.30 are weak effects, 0.30–0.50 are medium effects, and 0.50 and over are large effects;
Standardized Beta for linear regressions, with the rule of thumb that values of 0.10–0.29
are weak effects, 0.30–0.49 are medium effects, and 0.50 and over are large effects. All
regression models in this study use Type II sum of squares, which examines individual
effects in light of all other model effects, regardless of order. All data were analyzed using
R (version 4.3.2).

CFA Analysis. The main goal of the CFA was to confirm the accuracy of the four-
factor structure of the DEEP CTN Scale that emerged during pilot studies through EFA.
Prior to conducting the CFA, we first calculated bivariate correlations among the DEEP
CTN Scale dimensions. Based on the results of pilot studies and the expectation that the
dimensions would be different enough to be separable dimensions (as would be revealed
in the four-factor CFA models), yet similar enough to be associated via one superordinate
CTN construct (as would be supported by a hierarchical CFA structure), weak-to-moderate
positive correlations between all dimensions were predicted. We also assessed the internal
consistency of the DEEP CTN Scale with Cronbach’s alpha statistics for each dimension.
To verify the suitability of the data for CFA, the DEEP CTN Scale items were checked for
univariate normality via extreme values for skewness (>|1.0|) and excess kurtosis (>|3.0|)
and visual inspection of histograms [60]. The items were also checked for multivariate
normality with Mardia’s multivariate skew and kurtosis tests [61]. Using the R-package
lavaan [62], we conducted a CFA on these items to test a four-factor solution. The number
of factors was set to four, and covariances were allowed between the factors.

We hypothesized that (1) the results of the CFA would confirm a multidimensional
structure with four distinct dimensions (i.e., a four-factor solution without a superordinate
CTN factor, which we refer to as the four-factor nonhierarchical model), and (2) in a
four-factor hierarchical CFA, the factors would strongly load onto a superordinate CTN
factor (i.e., a four-factor solution with a superordinate CTN factor, which we refer to as a
hierarchical model). The finding of a hierarchical structure would suggest that the four
dimensions are sufficiently interrelated to be considered part of one overarching CTN
construct. The following indices, with suggested benchmarks [63,64], were evaluated
collectively to provide an evaluation of how well each model fit the data: chi-square
statistic (χ2; p > 0.05), root mean square error of approximation (RMSEA < 0.06) with its
90% confidence interval (0.00–0.08), Tucker–Lewis fit index (TLI > 0.90), and comparative
fit index (CFI > 0.95).

In addition to our two main models described above, we also tested a one-factor model
containing only a total CTN score (which assumes that the DEEP CTN Scale has a unidi-
mensional structure). We hypothesized that the one-factor model would provide the worst
fit but had no a priori hypothesis about which of the two other models (i.e., the four-factor
nonhierarchical or hierarchical) would provide the best fit given the range of dimensional
structures found for CTN, as described in the introduction. Note that determining the best-
fitting factor structure of the DEEP CTN Scale affects the scoring guidelines of the measure.
Specifically, a four-factor hierarchical model would support the use of both dimensional
scores and a total score. By contrast, a four-factor nonhierarchical model would support
the use of individual dimensions but not a total score, and a one-factor model would
support only the use of a total score. Model comparisons were conducted using an ANOVA
comparison of model fit, although we also reported the Akaike information criterion (AIC),
where scores closer to 0 indicate a more parsimonious and better-fitting model.

Convergent Validity. We assessed convergent validity via bivariate correlations be-
tween the DEEP CTN Scale (including its dimensions) and two existing measures of CTN:
the CNS [15] and the EID-r [12]. We expected that the total DEEP CTN Scale score would
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correlate moderately with both preexisting measures. Further, we expected variability
across the correlations between the DEEP CTN Scale dimensions and these preexisting
measures. Specifically, we predicted that the Depth of identity dimension will strongly
correlate with the CNS, while the other three dimensions will only weakly–moderately
correlate. This is based on past research identifying the CNS as a unidimensional measure
of nature connectedness that focuses on the Cognitive aspect of connection to nature [15].
Additionally, we expected that the Experiential connection and Emotional connection dimen-
sions of the DEEP CTN Scale will strongly correlate with the EID-r, while the other two
dimensions will weakly (or not at all) correlate. This is based on previous research that
identified multiple dimensions measuring Behavioral and Emotional aspects of CTN [33].

Predictive Validity. Here, we tested whether any (or all) of the dimensions of the
DEEP CTN Scale predict PEB (in the form of the RPEBs). Bivariate correlations were used
to assess the relationship between PEB and the dimensions of the DEEP CTN Scale. We
expected there would be variability among the DEEP CTN Scale dimensions regarding the
strength of their correlation to PEB. Additionally, (though not pre-registered) we conducted
two multiple linear regressions, using PEB and well-being as dependent variables, and
the DEEP CTN Scale dimensions were entered simultaneously as predictor variables. This
allowed us to test the unique predictability of each dimension, allowing us to identify
which DEEP CTN Scale dimension best predicts PEB, which we address by comparing the
change in R2 across models. By including existing measures of CTN, we can assess if the
DEEP CTN Scale is adding predictive ability above and beyond these measures.

Incremental Validity. If predictive validity was supported, the next step was to test
whether the strength of the relationship between the DEEP CTN Scale dimensions and
PEB remained robust after accounting for covariates that are related to the measure and/or
outcome variable (interconnected primal worldviews, political ideology, and age). Intercon-
nected primal worldviews were included based on findings in pilot studies that suggested
it shared variance with both PEB and one or more DEEP CTN Scale dimensions. Political
ideology and age were included as covariates based on previous research suggesting they
are moderate predictors of PEB [30,43,58]. There are two reasons to include covariates in a
model. First, if a covariate is strongly correlated with PEB and weakly (or not) correlated
with the DEEP CTN Scale dimensions, its inclusion in the model can reduce variance in
PEB that would otherwise be unaccounted for, thereby enhancing the significant effects of
the DEEP CTN Scale. Second, if a covariate is strongly correlated with both PEB as well
as the DEEP CTN Scale dimensions, its inclusion in the model can potentially account for
the relationship between DEEP CTN Scale dimensions and PEB. In this case, we would
want to ensure that the relationship observed between the DEEP CTN Scale dimensions
and PEB (in the original predictive validity analysis, above) was not entirely accounted
for by this covariate. We confirmed whether each covariate had the potential to behave
in either the first or second way by looking at bivariate relationships between the DEEP
CTN Scale dimension scores and the three covariates and between the three covariates and
PEB (separately).

Exploratory Analyses. We additionally ran the same analyses as above in predic-
tive and incremental validity with well-being as the outcome variable. These results are
exploratory, as they were not pre-registered. Results for these exploratory findings are
included below under both predictive and incremental sections for conciseness and ease
of reading.
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3. Results
3.1. CFA Analysis

Descriptive statistics and bivariate correlations for the DEEP CTN Scale dimensions
are presented in Table 3. The means of all dimensions scores were approximately at
the midpoint (4.00) of the scale (range M = 4.56 to 4.88). We found moderate to strong
correlations (r’s(315) = 0.54 to 0.85, p’s < 0.001) between all dimensions. This suggests
that the dimensions represent related but distinct constructs and supports the possibility
of a hierarchical CFA solution. Internal consistency reliability scores indicated that all
dimensions and the total of the DEEP CTN Scale demonstrated good internal consistency
(Cronbach’s alphas ranging from 0.70 to 0.88).

Table 3. Descriptive statistics, internal consistency, and bivariate correlations of the DEEP CTN Scale.

Dimension α M (SD) 1 2 3 4

1. Depth of Identity 0.86 4.69 (1.46)
2. Emotional 0.70 4.59 (1.34) 0.54 ***

3. Experiential 0.88 4.88 (1.44) 0.70 *** 0.57 ***
4. Presence within nature 0.87 4.56 (1.37) 0.61 *** 0.57 *** 0.58 ***

5. Total 0.93 4.68 (1.18) 0.85 *** 0.80 *** 0.85 *** 0.81 ***
Note: M represents mean, SD represents standard deviation, and α represents Cronbach’s alpha. All correlations
had 315 degrees of freedom; *** p < 0.001.

Preliminary analyses showed that all 20 items of the DEEP CTN Scale were approx-
imately normally distributed, as assessed by levels of skewness (range −0.10 to −1.00)
and excess kurtosis (range 1.56 to 3.03), and visual inspection of histograms. A violation
of multivariate normality was indicated by Mardia’s skewness and kurtosis tests, both
being significant at p < 0.001. Since this multivariate normality assumption was not met
in our sample, rather than conducting CFAs using the default maximum likelihood esti-
mation, we instead used a maximum likelihood estimation with robust standard errors
and a Satorra–Bentler scaled test statistic, which is less dependent on the assumption of
normality [65].

The new DEEP CTN Scale showed adequate fit indices for the four-factor nonhier-
archical and hierarchical models (RMSEA < 0.08; CFI/TLI > 0.90. The one-factor model
failed to approach any acceptable model fit indices, suggesting that this model was a poor
representation of the data. In terms of model comparisons, the following was found: (1) the
multidimensional models had a significantly improved fit compared to the unidimensional
model (χ2 = 839.377(170), p = < 0.001); and (2) the four-factor model was a slightly better fit
than the four-factor hierarchical model (χ2 = 450.122(166), p = 0.015), though not signifi-
cantly different. These findings suggest the new DEEP CTN Scale is best described as a
multidimensional construct and has improved fit over a single unidimensional model. See
Table 4 for all model fit statistics and model comparisons.

Table 4. Comparative fit indices for each model.

Model χ2 (df) RMSEA (95% CI) RMSR TLI CFI AIC.

1-factor 676.43 (170) 0.11 (0.1–0.12) 0.07 0.78 0.8 22,833.50
4-factor

hierarchical 358.4 (164) 0.07 (0.06–0.08) 0.05 0.91 0.93 22,446.42

4-factor 366.6 (166) 0.07 (0.06–0.08) 0.05 0.91 0.92 22,452.24

Note: Chi-Square (χ2): closer to 0 indicates better fit; Root mean square error (RMSEA): 0.01 = Excellent,
0.05 = Good, 0.08 = Mediocre; Standardized root mean square residual (RMSR): closer to 0 indicates better
fit; Tucker Lewis Index (TLI): closer to 1 indicates better fit; Comparative fit index (CFI): closer to 1 indicates better
fit; Akaike Information Criterion (AIC): the lower the AIC, the more predictive.
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The results of this CFA revealed that all items significantly loaded onto their a pri-
ori factors (p < 0.001) identified during pilot analysis (see above). Figure 1 shows the
standardized estimates for each item regressed onto the four factors and a second-order
CTN factor. Our results suggest that CTN, when measured with the DEEP CTN Scale,
is best described as a multidimensional construct with four dimensions: Depth of identity
(Cognitive), Emotional connection (Emotional), Experiential connection (Behavioral), and Presence
within nature (Behavioral). The items in the Presence within nature domain were originally
created as ways to tap a deeper behavioral relationship with nature. That they separate
into two distinct dimensions suggests that there is something fundamentally different
about these two ways of interacting with nature behaviorally and serves to point out the
importance of not flattening behavioral experiences into a single dimension.

Figure 1. Twenty-item DEEP CTN Scale four-factor hierarchical structure with standardized estimates
of factor loadings for each latent variable and item; CTN = Connection to Nature.

3.2. Further Validation Analyses
3.2.1. Convergent Validity

Convergent validity was tested by investigating whether the DEEP CTN Scale is
related to two established measures of connection to nature: the CNS and the EID-r. Table 5
shows the zero-order Spearman correlations between the total score of the DEEP CTN
Scale, each of the four DEEP CTN Scale dimensions, the CNS, and the EID-r. As predicted,
there was a strong correlation between our new DEEP CTN Scale (total score) and existing
measures (r = 0.72 and 0.78 for CNS and EID-r, respectively), providing good support for
convergent validity. When looking at the individual dimensions of the DEEP CTN Scale,
we found that the Depth of identity dimension was most strongly related to CNS, whereas
the Experiential connection dimension was most strongly related to the EID-r.
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Table 5. Spearman correlations between DEEP CTN Scale dimensions and existing measures of
Connection to Nature.

Depth of
Identity Emotional Experiential Presence Within

Nature Total Score

CNS 0.75 *** 0.50 *** 0.62 *** 0.53 *** 0.72 ***
EID-r 0.63 *** 0.58 *** 0.81 *** 0.55 *** 0.78 ***

Note: CNS = Connectedness to Nature Scale; EID-r = Environmental Identity Scale—revised; *** p < 0.001.

3.2.2. Predictive Validity

As a first step, we asked whether any of the dimensions of the DEEP CTN Scale showed
strong associations with PEB. Table 6 shows the zero-order Spearman correlations between
the total score of the DEEP CTN Scale, each of the four DEEP CTN Scale dimensions,
and PEB. We found moderate correlations between DEEP CTN Scale dimensions and PEB
(r’s = 0.44 to 0.46, p’s < 0.001), providing good support for predictive validity. To investigate
the unique contribution of each, all dimensions were included in the same model as part of
our predictive validity analysis. As shown in Table 7 (left panel), the Emotional connection
and Presence within nature dimensions were significant predictors with small effect sizes
(p’s < 0.01, std Beta’s = 0.17 to 0.21) explaining 8% of the variance in PEB each, while the
Depth of identity and Experiential connection dimensions did not predict PEB. Based on the
model R2, these models show that, overall, the DEEP CTN Scale accounts for 30% of the
variance in PEB. For comparison, we explored the predictive validity of two previous
measures of connection to nature: CNS and EID-r. These measures accounted for 22%
(CNS) and 19% (EID-r) of the variance in PEB, revealing that the DEEP CTN Scale can
explain more variance in PEB.

Table 6. Correlations between DEEP CTN Scale dimensions, PEB, and well-being.

Depth of
Identity Emotional Experiential Presence Within

Nature Total Score

PEB 0.44 *** 0.45 *** 0.44 *** 0.46 *** 0.53 ***
WB 0.42 *** 0.17 ** 0.34 *** 0.39 *** 0.39 ***

Note: PEB = Pro-environmental behavior; WB = Well-being; ** p < 0.01; *** p < 0.001.

Table 7. Linear regressions showing predictive and incremental validity of the new DEEP CTN Scale
dimensions when predicting PEB.

Predictive Validity Incremental Validity

Variable Std Beta (99% CI) p Partial R2 Std Beta (99% CI) p Partial R2

Depth of Identity 0.14 (0–0.28) 0.05 0.07 0.07 (−0.08–0.22) 0.36 0.06
Emotional 0.21 (0.08–0.34) 0 0.08 *** 0.22 (0.1–0.35) 0 0.08 ***

Experiential 0.12 (−0.02–0.27) 0.08 0.07 0.12 (−0.02–0.26) 0.09 0.06
Presence within nature 0.17 (0.04–0.31) 0.01 0.08 ** 0.14 (0.01–0.28) 0.04 0.07 *

Primal Worldviews 0.14 (0.03–0.25) 0.01 0.04 **
Age 0 (0–0.01) 0.17 0.01

Model R2 0.3 0.31

Note: Std Beta < 0.29 = small; Std Beta < 0.49 = medium; Std Beta > 0.50 = large; * p < 0.05; ** p < 0.01; *** p < 0.001.

Although not intended for testing predictive validity, the same analyses were run
with well-being as the outcome variable. Table 6 shows the zero-order Spearman correla-
tions between the total score of the DEEP CTN Scale, each of the four DEEP CTN Scale
dimensions, and well-being. We found small-to-moderate correlations between DEEP CTN
Scale dimensions and well-being (r’s = 0.17 to 0.42, p’s < 0.001). As shown in Table 8 (left
panel), all but one dimension (Experiential connection) were significant unique predictors
of well-being with small effect sizes (p’s < 0.01, std Beta’s = −0.15 to 0.23). Interestingly,
when looking at the variance explained, the Emotional connection dimension arose as a
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negative predictor of well-being. The R2 shows that DEEP CTN Scale accounts for 24% of
the variance in well-being. By comparison, CNS and EID-r accounted for 24% and 12% of
the variance, respectively, noting that whereas the CNS showed similar predictive ability
for well-being as the new DEEP CTN Scale, the EID-r underperformed.

Table 8. Linear regressions showing exploratory findings of the new DEEP CTN Scale dimensions
and covariates when predicting well-being.

Predictive Validity Incremental Validity

Variable Std Beta (99% CI) p Partial R2 Std Beta (99% CI) p Partial R2

Depth of Identity 0.22 (0.1–0.34) 0.00 0.09 *** 0.13 (0–0.25) 0.04 0.06 *
Emotional −0.15 (−0.26–−0.04) 0.01 0.02 ** −0.1 (−0.2–0.01) 0.07 0.01

Experiential 0.10 (−0.02–0.22) 0.11 0.05 0.07 (-0.05–0.18) 0.27 0.04
Presence within nature 0.23 (0.11–0.34) 0.00 0.08 *** 0.19 (0.08–0.3) 0.00 0.07 ***

Worldviews 0.18 (0.09–0.27) 0.00 0.07 ***
Politics 0.14 (0.06–0.22) 0.00 0.04 ***

Age 0.01 (0–0.01) 0.04 0.02 *
Age 0.13 (0–0.25) 0.04 0.06 *

Model R2 0.31 0.24

Note: std Beta < 0.29 = small; std Beta < 0.49 = medium; std Beta > 0.50 = large; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.2.3. Incremental Validity

Here, we asked whether the predictive validity of the dimensions seen in the above
analysis remained robust when three covariates (i.e., interconnected primal worldviews,
political ideology, and age) were added to the model predicting PEB. These variables were
found to be suitable as covariates, as they correlated with both the main predictor variables
(i.e., the DEEP CTN Scale dimensions) and the outcome variables (i.e., PEB and well-being).
Specifically, primal worldviews positively correlated with all DEEP CTN Scale dimensions
scores (r’s(315) = 0.30 to 0.53, p’s < 0.001), as well as positively correlated with both PEB
and well-being (r’s(315) = 0.36 to 0.37, p’s < 0.001). Age positively correlated with three
of the DEEP CTN Scale dimensions (Depth of identity, Experiential connection, and Presence
within nature) (r’s(315) = 0.13 to 0.27, p’s < 0.05), as well as positively correlated with both
PEB and well-being (r’s(315) = 0.14 to 0.21, p’s < 0.05). Political ideology was included in
analyses for well-being, as it negatively correlated with the Emotional connection dimension
of the DEEP CTN Scale (r(315) = −0.14, p < 0.05) and positively correlated with well-being
(r(315) = 0.21, p < 0.001) (see Supplementary Materials for a table of these correlations).

To investigate the incremental validity, the relevant covariates were added into the
model predicting PEB. As shown in Table 7 (right panel), the two dimensions (Emotional
connection and Presence within nature) of the DEEP CTN Scale that were predictive of PEB
(left panel) remained robust when primal worldviews and age were included in the model.
Note that primal worldviews, but not age, continued to account for a significant amount of
unique variance in PEB when included in the multiple regression model.

Although not intended for testing incremental validity, the same analyses were run
with well-being as the outcome variable. As shown in Table 8 (right panel), two of the
three DEEP CTN Scale dimensions that were predictive of well-being (Depth of identity
and Presence within nature) remained robust when including primal worldviews, political
ideology, and age. All covariates also remained significant predictors of well-being in this
larger model (although the effect of age became quite small).

4. Discussion
This paper introduces and validates the multidimensional 20-item DEEP CTN Scale,

which addresses several limitations of previous scales. Specifically, the DEEP CTN Scale
emphasizes the individual as integrated with nature, thus overcoming the human–nature
binary, where nature is often viewed as separate from humanity. This was an important
step, as our review of extant measures reveals that while integration with nature was a
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predominant conceptual definition of CTN, it appears to be incompletely represented in
existing measures. The DEEP CTN Scale confirms the existence of the three commonly
accepted aspects of CTN. Specifically, we observe a (1) Cognitive component, which we
name Depth of identity because it represents a deeply held self-construct that includes nature
and views the self as “one with nature”, and a (2) Emotional component, which we name
Emotional connection because it includes deep empathy towards nature that manifests in
a need to care for nature. However, for the commonly accepted Behavioral aspect of CTN,
we observe two distinct dimensions: (3) Experiential connection, which represents the time
an individual spends in, and in enjoyment of, nature; and (4) Presence within nature, which
reflects habitual mindful and conscious engagement with nature.

The new DEEP CTN scale shows good convergent validity with two widely used exist-
ing CTN measures (the Connectedness to Nature scale and the Environmental Identity scale
revised version). It also shows good predictive validity for self-reported pro-environmental
behaviors (PEBs), improving upon these two existing measures, while also remaining
robust when included in a model with known covariates. Of note, a recent review raised
concerns regarding the validation of CTN measures, including a lack of clarity regard-
ing the construct definition of CTN and poor validation methods [22]. We believe this
paper addresses many of these concerns, as well as being among the first CTN measures
to pre-register a thorough statistical plan for validation. In sum, our hypotheses were
supported, providing psychometric validity for the new four-factor DEEP CTN Scale. For
the remainder of the discussion, we address three important findings: (1) the Behavioral
aspect of CTN splitting into two distinct dimensions, and the differential predictability
of the DEEP CTN Scale dimensions on (2) PEB and (3) well-being. We then end with a
discussion of the limitations and strengths of the current research and make suggestions
for future directions.

4.1. Dimensionality

One of the surprising findings of our EFA (replicated across three independent sam-
ples) and later confirmed through our CFA (replicated across two independent samples)
was the emergence of two distinct Behavior dimensions, which we name Experiential connec-
tion and Presence within nature, something previous scales have not observed. We note that
all of the items in the Presence within nature dimension originated from the Dispositional
Connect to Nature scale, whereas the items that constitute the Experiential connection dimen-
sion came from diverse scales (two items from the Dispositional Connection to Nature scale,
two items from the AIMES scale, and one item from the Ecospirituality scale). Whereas
the Experiential connection dimension is about a preference for spending time in nature, the
Presence within nature dimension is about being deliberate, habitual, and mindful about
one’s engagement with nature. Interestingly, the results of our predictive validity models
show that only Presence within nature, and not Experiential connection, dimensions of DEEP
CTN uniquely predicted PEB and well-being, suggesting that encouraging people to be
mindfully present with nature, and not simply enjoy/spend time in nature, should be
woven into interventions that attempt to increase PEB and/or well-being.

4.2. Predicting Pro-Environmental Behavior (PEB)

As noted above, the new DEEP CTN scale met the criteria of predictive validity, i.e.,
significantly predicting PEB. Moreover, the new scale was found to predict more variance
(30%) in PEB than two existing CTN measures (22% and 19% for the CNS and EID-revised,
respectively). In addition, the current study’s predictive validity analysis is the first, to
our knowledge, to investigate the unique contribution of different factor analysis-qualified
dimensions to PEB. Here, we found that the Presence within nature (mentioned above) and
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the Emotional connection dimensions of the DEEP CTN Scale were the strongest predictors
of PEB (with the Experiential connection and Depth of identity dimensions not reaching
significance). As noted in the above section for the Presence within nature dimension, the
additional finding of a relationship between the Emotional connection dimension and PEB
suggests that encouraging people to be mindfully present with nature and promoting an
emotional connection with nature should be considered when creating into interventions
to increase PEB.

In general, our predictive validity findings suggest that interventions aiming to in-
crease PEB through CTN should focus on fostering deeper, more engaged aspects of the
human–nature relationship. It is not enough to simply be exposed to nature; there appears
to be something critical about emotionally connecting with nature and being mindfully
present in natural environments that more strongly predicts PEB. While previous work has
suggested a pathway in which nature exposure increases CTN, and that this then increases
PEB (see [11] for a meta-analysis; see [66] for a specific example), these studies are unable
to untangle the ways people are interacting with nature during these visits. In future inter-
vention work that exposes people to nature, researchers might consider examining whether
PEB is higher for people who report experiencing more emotional and mindful connection
to nature during the intervention. In addition, those same interventions can examine
whether different instructions provided to participants during the intervention—relating to
nature mindfully, relating to nature emotionally, or simply increasing the amount of time
in nature—differ in their impact on self-reported PEB.

4.3. Predicting Well-Being

While not the main focus of this paper, we explored the relationship between the DEEP
CTN Scale and psychological well-being. Similar to results for PEB (above), dimensions
of DEEP CTN varied in how they predicted well-being. Notably, we found that the
Presence within nature and Emotional connection dimensions of the DEEP CTN Scale were
significant predictors of well-being, albeit in different directions. The Presence within
nature dimension showed a positive relationship with well-being (which remained robust
after controlling for interconnected worldviews, political ideology, and age), meaning
that people who more mindfully relate to nature report higher well-being. However, the
Emotional connection dimension (which had no effect on PEB; see above) showed a negative
relationship with well-being (before controlling for covariates), meaning that people who
are more emotionally connected to nature report having lower well-being.

Past reviews have concluded that there is an overall positive relationship between CTN
and well-being, which varies in effect size depending on the CTN measure used [46–48].
Although these reviews do not disentangle how latent dimensions of CTN may impact
well-being differentially, there does exist some evidence from intervention studies that is
consistent with our finding of a positive relationship between the Presence within nature
dimension of DEEP CTN and well-being. Specifically, studies have shown that instructing
people to mindfully engage with nature can enhance psychological health [67–69]. In a
similar vein, our findings of a negative relationship between the Emotional connection
dimension of DEEP CTN and well-being can also be seen as consistent with emerging
theories around climate anxiety. Specifically, it has been conjectured that connecting to
nature can lead to heightened awareness of the current ecological crises, which, in turn,
heightens climate anxiety [70,71]. That is, individuals with a high emotional connection to
nature may experience distress related to environmental degradation or feel a heightened
sense of eco-anxiety, which could negatively impact their overall well-being [72,73]. In
fact, the more one incorporates the self as part of nature, the more the harms being done to
nature may feel like harm to the self.
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On a final note, it is interesting to point out that when controlling for interrelated co-
variates (i.e., worldviews and political orientations), the relationship between the Emotional
connection dimension and well-being no longer reached significance. This suggests that the
negative association we initially observed may be explained by broader belief systems and
ideological factors. It highlights the complex interplay between environmental attitudes,
political beliefs, and well-being, underscoring the need for nuanced approaches in this area
of research. Overall, our findings call for more in-depth investigation into the mechanisms
by which different aspects of CTN influence well-being, particularly exploring potential
mediators and moderators of these relationships.

4.4. Limitations and Future Directions

We acknowledge some limitations in the development of the DEEP CTN scale and
suggest ways to improve it in the future. First, creating any measurement scale involves
subjective decisions that may introduce bias. To mitigate this, we conducted an exploratory
factor analysis rather than starting with a confirmatory approach. We also carefully col-
lected items from a wide range of existing theoretically grounded CTN scales, ensured
representation of previously identified CTN aspects, removed redundancy, and adapted
items for broader applicability. These types of rigor should be incorporated into future
studies attempting to modify the scale.

Second, our DEEP CTN scale contains no reversed scored items. Initially, we included
reversed items in our scale to mitigate potential response biases. However, these items
consistently failed to load on any dimension across all three EFA pilot studies, leading to
their exclusion. While this decision improved the psychometric properties of our scale,
we acknowledge that the lack of reversed items could potentially introduce acquiescence
bias. Future research could explore alternative methods to incorporate reversed items
or investigate why they failed to load in our studies. Ultimately, we prioritized psycho-
metric strength when selecting the final items, but we encourage researchers to explore
alternative approaches.

Third, our samples were predominantly from WEIRD (Western, educated, industri-
alized, rich, democratic) populations. This limits cross-cultural validity and may fail to
capture experiences driven by cultural differences. Validating the DEEP CTN Scale with
more diverse populations globally is an important next step, as, while we attempted to
make the language in the items inclusive to many nature-based experiences, it is unclear
that we have succeeded in this aspect. Additionally, we focused on adult populations,
as solidifying the CTN construct in adults was our priority before adapting for different
age groups. We encourage future studies to explore our new DEEP CTN scale across
different cultures and age groups, as it has been shown that CTN appears to shift across
the lifespan [74,75].

Fourth, the DEEP CTN Scale was designed as a trait measure, capturing relatively
stable individual differences in connectedness to nature. We have not tested its sensitivity
to short-term fluctuations or its utility as a state measure. Future research could explore
whether the dimensions we have identified are applicable to state-level assessments of
CTN, potentially leading to the development of complementary state and trait measures.

Fifth, Future research should also consider alternative conceptualizations of CTN
beyond the three-dimensional framework we utilized (i.e., Cognitive, Emotional, and Behav-
ioral). Several measures have found support for multidimensional structures of varying
complexity and conceptualizations [14,25,51,76,77]. These measures have approached CTN
from an emotional perspective [25,76] or through sensory and cognitive experiences [77].
Some have also attempted to deconstruct the Western-centric view of the human–nature
binary and take instruction from other ways of knowing (e.g., Indigenous practices and
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Buddhism) [14,51]. These alternative frameworks may provide opportunities to decompose
existing dimensions into more nuanced categories or introduce non-Western perspectives
that could enhance future iterations of CTN measurement.

Additionally, this paper seeks to address the definitional complexity around CTN
within the literature, but it is also important to consider the way “nature” is defined as a lay
term, as this directly influences how people interpret any measure of CTN [78]. Qualitative
research, such as structured interviews, could be helpful for understanding the various
ways nature is conceptualized among the general public and how this interacts with the
different dimensions of CTN identified in this paper.

While we believe the DEEP CTN Scale represents a significant advancement in the
measurement of connectedness to nature, we view it as an important next step in the CTN
measure literature upon which to build further rather than a final, definitive measure.
We encourage researchers to adapt and refine this scale as our collective understanding
of CTN evolves. The multidimensional structure we have identified provides a robust
framework for future investigations, but we anticipate that ongoing research will continue
to uncover nuances and potentially new aspects of CTN. In conclusion, the DEEP CTN
Scale offers a psychometrically sound, theoretically grounded measure of connectedness to
nature that addresses many limitations of previous scales. By providing a clear conceptual
definition and a multidimensional assessment tool, we hope to facilitate more precise and
comprehensive research on CTN and its relationships with pro-environmental behaviors
and well-being.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su17135680/s1, details of item selection, adaptation and creation;
methods and results from pilot studies, confirmatory factor analysis of 30-item long form DEEP
CTN scale; adaptations of the RPEBs; instructions for the DEEP CTN Scale; covariate correlation
tables [12–17,24–29,31–33,49,51,60,75,76,79–93].
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NR Nature relatedness scale [31]
EID Environmental identity scale [32]
CNS Connectedness with nature scale [15]
AIMES Attachment, identity, materialism, experiential, spiritual CTN scale [29]
CN-12 Connection with Nature 12-item scale [28]
RPEBs Recurring pro-environmental behavior scale [53]
EFA Exploratory factor analysis
CFA Confirmatory factor analysis
RMSEA Root mean square error
RMSR Standardized root mean square residual
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