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ABSTRACT KEYWORDS

Engaging children with nature can promote their pro-environmental behaviors children engagement with

(PEBs). However, few studies have examined how this relationship functions nature; pro-environmental

across parental communication patterns and children’s developmental stages, behaviors; parental

particularly in China. This study examines the relationship between parental discussions; student grade
. - B . . . 5 . levels; BMF analytics;

engagement in children’s nature interactions and children’s PEBs, and how this granular interaction

relationship varies by parental environmental discussions and grade level. thinking theory; China

Drawing on Granular Interaction Thinking Theory (GITT), we analyzed data from

516 child-caregiver pairs across five Chinese cities. We found that parental facil-

itation of children’s nature interactions is positively associated with their PEBs,

and that this positive association improves in magnitude as the frequency of

environmental discussions with parents increases. Children’s grade level moder-

ates this relationship, suggesting developmental variability in how nature-based

experiences translate into environmental actions. Accordingly, family engage-

ment and deliberate educational programs can nurture children’s environmental

values, gradually transforming toward sustainability and an eco-surplus

culture.

“At sunset, when the slanting rays of the setting sun heads westward in that same bird village, the sound has taken
on a different tone as though it is also saying goodbye to the passing day.

Kingsfisher takes note of such a miraculous occurrence. He marvels at the beauty of nature and the purify of bird
vocalization, pitying those who have failed to recognize this”

—In “Conductor”; Wild Wise Weird (2024)

Introduction

Engaging children in nature-related activities has emerged as a central strategy in environmental edu-
cation worldwide. This emphasis reflects the growing recognition that early children’s experiences with
the natural environment can cultivate pro-environmental behaviors (PEBs) as they mature into adulthood
(Ktepelkova et al., 2020; Rosa, Profice & Collado, 2018; Rosa & Collado, 2019; Shekari, Azizi & Ghaderi,
2024; and Yan, Cai & Zeng, 2025). Existing evidence suggests that childhood interactions with nature
foster an emotional bond with the environment, serving as a crucial precursor to the development of the
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PEB (Ktepelkova et al., 2020; Li et al., 2024). Supporting this view, Rosa et al. (2018) identified positive
associations between childhood experiences in nature and connectedness to nature, as well as PEBs, in
an adult population in Brazil-a developing nation context. Comparable patterns have been observed in
Denmark (Jensen & Olsen, 2019). Similarly, in Iran’s tourism sector, Shekari et al. (2024) demonstrated
that childhood nature-based recreation experiences foster PEBs, mediated by nature connectedness and
environmental knowledge. Collectively, nature experiences in childhood potentially promote pro-envi-
ronmentalism later in children’s lives.

The association between direct experience with nature and pro-environmental attitudes and behaviors
is dynamically intricated (Agoston et al., 2024; Gifford & Nilsson, 2014; Rosa & Collado, 2019).
Encouraging children’s direct engagement with nature is an effective strategy for instilling enduring
pro-environmental values. However, the mechanisms underlying this relationship remain complex and
require further empirical exploration (Agoston et al., 2024; Gifford & Nilsson, 2014; Rosa & Collado,
2019). For instance, the extant literature indicates that eco-emotions mediate the links between nature-re-
latedness and knowledge of PEBs, revealing a psychological and complex pathway (Agoston et al., 2024).

Several key influencers are positively associated with children’s engagement with nature and their
PEBs in adulthood. Empirical studies highlight the essential role of teachers with expertise in environ-
mental education in nurturing children’s connection to nature (Jensen et al., 2024; Spiteri, 2023). Evidence
further suggests that school-based interventions promoting direct nature engagement effectively
strengthen environmental knowledge and attitudes (Duarte et al., 2017; Li et al., 2024; Liu & Chen, 2021;
Scopelliti et al., 2022; Shekari et al., 2024; Spiteri, 2023). Moreover, parental influence also emerges as a
significant role in shaping children’s PEBs (Casalé & Escario, 2016; Jensen et al., 2024; Jensen & Olsen,
2019; Jia & Yu, 2021a; Liu & Kaida, 2024; Musitu-Ferrer et al., 2019; Wu et al., 2023). In particular, mothers
often model environmentally responsible practices, such as recycling and resource conservation, within
the family context (Scopelliti et al., 2022; Spiteri, 2023). Meanwhile, fathers navigate their children in
goal-oriented actions toward socially sustainable behaviors. These findings demonstrate that influential
figures, such as children’s educators and parents, nurture their engagement with nature from an early age.

The psychological processes supporting children’s interactions with nature and the development of
PEBs merit further exploration (Barragan-Jason et al., 2023; Kiepelkova et al., 2020; Piao & Managi,
2024). Barragan-Jasson et al. (2023) reaffirm that the strong psychological connection with nature is
positively correlated with mental and physical health, which in turn fosters PEBs and values. Similarly,
Flecke et al. (2024) identified psychological restoration as a key mechanism driving individuals’ envi-
ronmental concern. Krepelkova et al. (2020) further demonstrated that children spending time in nature
develop better health through more playful engagement, which can contribute to positive attitudes toward
nature. Moreover, strengthening biophilia (i.e., greening schoolyards, urban centers, and indoor rooms)
can promote the human-nature connection, demonstrating the integration of psychological and physical
factors in daily living (Barragan-Jason et al., 2023; Duron-Ramos et al., 2020).

Developing an emotional and cognitive connections to nature is crucial during early childhood, when
children interact with nature through both direct and indirect experiences (Rosa et al., 2018; Rosa &
Collado, 2019; Yue & Chen, 2023). Nourishing children’s empathy for nature can promote their positive
environmental attitudes (Li et al., 2024; Musitu-Ferrer et al., 2019). Environmental feelings and contacts
mediate the relationship between childhood nature experience and PEBs (Yan et al., 2025). Hence,
inspiring affective and cognitive pathways through early childhood environmental education are neces-
sary for children.

Children’s cognitive interactions with nature is contingent on their age or grade level. Empirical evi-
dence linking age to nature connection remains mixed. In Australia, younger students show stronger
engagement with nature than older peers, while environmental behaviors decline with increasing age
(Keith et al., 2021). Similar results are found in studies of Krettenauer et al. (2020), Barrable and Booth
(2020), and Anderson and Krettenauer (2021). However, Otto et al. (2019) identify a non-linear pattern:
environmental attitude and behaviors emerge around age 7, peak by age 10, remain stable until age 14,
and then decline afterward (Otto et al., 2019). Hence, research on age-related development of environ-
mental cognition remains underexplored.

The existing literature suggests that children’s early interactions with nature shape their PEBs in adulthood.
This positive link was found in some countries such as Austria (Flecke et al., 2024), Brazil (Rosa et al., 2018),
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the Czech Republic (Ktepelkové et al., 2020), Iran (Shekari et al., 2024), Hungary (Agoston et al., 2024), Mexico
(Duron-Ramos et al., 2020), and developed countries such as Australia (Keith et al., 2021), Canada (Anderson
& Krettenauer, 2021), Denmark (Jensen & Olsen, 2019), Italy (Scopelliti et al., 2022), and Sweden (Jensen
etal., 2024). In China, some studies have shown that children’s connectedness to nature is positively associated
with their biophilia and negatively associated with biophobia. Within this context, Chinese children demon-
strate a willingness to support animal conservation (Zhang, Goodale & Chen, 2014). Furthermore, cross-na-
tional comparisons, including those between China and Japan (Liu & Kaida, 2024) and China and Canada
(Krettenauer et al., 2020), affirm the robustness of nature connectedness across different contexts.

Fostering connections with nature can encourage children in China to engage in environmental
conservation efforts. The intervention could involve the creation and implementation of green spaces,
particularly green campuses, to enable Chinese students to engage in environmental pedagogical activities,
thereby enhancing children’s pro-environmental attitudes and behaviors at schools (Liu & Chen, 2021).
Some studies suggest that the bond between parents and their children, in terms of action, communica-
tion, and engagement in nature-related activities, is positively associated with PEBs in the Chinese context
(Jia & Yu, 2021a; Liu & Kaida, 2024; Xiao & Hong, 2010). Promoting empathy with nature in early
childhood education could enhance children’s pro-environmental attitudes (Li et al., 2024).

Despite many studies on determinants driving PEBs in some countries and China (Liu & Chen, 2021;
Liu & Kaida, 2024; Li et al., 2024; Jia & Yu, 2021a; Xiao & Hong, 2010; and Zhang et al., 2014), how the
parental engagement of children to interact with nature is associated with their PEBs, and how this
relationship is moderated by their parents’ communication and grade level in China, is still under-
researched. Therefore, we address this research gap by examining the association between children’s
engagement with nature interactions and their PEBs, which is conditional on communication with their
parents and grades in five major cities of China. Particularly, we use the innovative method, namely the
Bayesian Mindsponge Framework (BMF) analytics, which draws from the granular interaction thinking
theory (GITT). In this study, we answer the following research questions:

«  How is parental engagement of children with nature interactions associated with their PEBs?
o Is the association between children’s engagement with nature interactions and their PEBs con-
ditional on the children’s frequency of discussion with parents and grades?

The article is systematically structured into four sections. First, we introduce the research questions
and rationales underlying our study. The following section delineates the theoretical foundation, research
design, and statistical model. The findings are subsequently presented in the following section. The
discussion synthesizes the insights gained, provides in-depth explanations of the study’s findings, and
offers actionable recommendations to enhance PEBs among children.

Methodology
Theoretical foundation

This research is grounded in the granular interaction thinking theory (GITT), which serves as a conceptual
foundation for theoretical modeling within the BMF analytics (Vuong & Nguyen, 2024a; Vuong et al., 2025a).
By capturing the dynamic and intricate workings of the human mind in the relationship with the environ-
ment, GITT facilitates the development of theoretical constructs, while Bayesian inference—renowned for
its adaptability—supports the alignment and calibration of these models (Vuong et al., 2022; 2025a). The
integration of GITT principles with Bayesian reasoning has proven effective across a wide range of studies
addressing diverse social, psychological, and behavioral phenomena (Nguyen et al., 2022; Vuong et al.,
2025b; Nguyen, 2026).

Drawing on the worldview of quantum mechanics, Shannon’s information theory, and the mindsponge
theory, GITT conceptualizes the mind as an information collection-cum-processor that continually
reorganizes itself through exchanges with its surrounding environments, including socio-cultural envi-
ronments, ecosystems, climatic conditions, and the broader Earth system. Information processing within
the mind operates according to three core principles:
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+  Granularity: Information (including energy) within a system is finite and processed in discrete
units.

+  Relationality: Events emerge from interactions between systems; cognitive and behavioral out-
comes arise from the interplay among internal beliefs, stored knowledge, and newly absorbed
external inputs.

o Indeterminacy: The future is not unequivocally determined by the past; instead, outcomes
unfold probabilistically, underscoring the intrinsic uncertainty of cognitive and behavioral
processes.

Applied in this study, GITT offers a lens through which to examine how urban environmental con-
ditions, family dynamics, and broader societal influences shape the pro-environmental perceptions,
attitudes, and behaviors of children in major Chinese cities.

According to GITT, when an urban child interacts with nature, new information is absorbed into the mind,
increasing informational entropy—that is, the degree of uncertainty or the average “surprise” associated with
potential cognitive outcomes. The entropy level can be quantified using Shannon’s (1948) formula:

H(X) =—§P(x,-) log, P(x,)

Here, H (X ) represents the informational entropy of the child’s mind, conceptualized as a random
variable X composed of informational units {x1 3 Xyseens xn} with corresponding probabilities
{P(x1 ),P (xz ),. . .,P(xn )} Each probability P(xi) indicates the likelihood that a given informational
unit is retained and used. When new information accumulates without clear structure, prioritization, or
differentiation, entropy rises sharply, reaching its maximum when all informational units carry equal
weight, i.e., P (xi ) = ;

Given that the child’s cognitive capabilities and processing energy are limited, entropy must be reduced
to avoid mental overload or information loss. This reduction occurs through two mechanisms. First,
newly acquired information must be distinguished, evaluated, compared, organized, combined, and
imagined—processes that assign unequal probabilities to informational units and thereby lower entropy.
Second, if the new information is perceived as costly, irrelevant, inconsistent with existing beliefs and
experiences, or mismatched with the child’s social and environmental context, it will be filtered out,
which also decreases uncertainty.

However, when nature-related informational units are effectively integrated, structured, and assigned
a high probability of retention and use, they can become values. These values then serve as cognitive
reference points that shape subsequent perceptions and guide behavioral decisions, increasing the like-
lihood of engaging in pro-environmental actions. Given that the children in this study live in urban
environments, we assume they generally lack the prior experiences, knowledge, and skills needed to
process nature-related information. Without parental support or relevant informational scaffolding, such
nature-related inputs are likely to receive low retention probabilities—or be filtered out entirely—thereby
limiting their influence on behavior.

Thus, we expect parental engagement in children’s interactions with nature to be positively associated
with children’s PEBs. The magnitude of this positive association is likely to be improved when parents
frequently discuss environmental issues with their children. Such discussions help children link nature-re-
lated information to their own memories, daily experiences, and “objects of care,” thereby facilitating
meaning-making and value formation. Through this process, children develop a perceived sphere of
influence—the sense that they can affect nature and, in turn, be affected by it. This subjective sphere is
crucial in shaping children’s care for the natural world and, ultimately, their likelihood of engaging in
PEBs (He & Silliman, 2019; Nguyen, Le, & Vuong, 2023; Siikamaki et al., 2013; Wang et al., 2018).

Moreover, as children progress through school and receive more formal environmental education,
their capacity to process and integrate nature-related information is expected to increase.

Based on this reasoning, we propose the following hypotheses:
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H1: Parental engagement in children’s interactions with nature is positively associated with children’s PEBs.

H2: The positive association between children’s nature interaction and PEBs is amplified when children frequently
discuss environmental issues with their parents.

H3: The positive association between children’s nature interaction and PEBs is amplified by childrens grade level.

In the Chinese context, the differing influences of fathers and mothers on children deserve special
attention due to culturally embedded family dynamics. The family is regarded as the core social unit,
and child-rearing practices are deeply shaped by Confucian values. Traditionally, Confucian ideology
emphasizes paternal authority and gendered role hierarchies, in which mothers are expected to provide
daily care and emotional nurturance, whereas fathers are expected to maintain distance from routine
childcare and exhibit restrained emotional expression (Chen et al., 2022; Li & Lamb, 2015). This pattern
is particularly pronounced in father-son relationships, where emotional reserve is tied to establishing
paternal authority and modeling masculine ideals (Li, 2018). Although contemporary Chinese fathers
are increasingly involved in children’s education and training—albeit in ways distinct from maternal
involvement—gender disparities in caregiving responsibilities remain (Li, 2020).

From a GITT perspective, information communicated by mothers is more likely to be absorbed and
internalized by children than information conveyed by fathers, given these relational and cultural dynam-
ics. Therefore, we hypothesize:

H4: The amplifying effect of mothers™ discussions on the association between children’s nature interaction and
PEBs is stronger than that of fathers.

Selected variables for the study

This study uses secondary data derived from a cross-sectional survey involving 516 child-caregiver pairs
across five major urban centers in China: Beijing, Harbin, Fuzhou, Guangzhou, and Hangzhou. These
locations were intentionally selected to reflect a broad spectrum of socio-economic and environmental
contexts nationwide. Participants were recruited through convenience sampling methods, leveraging
school networks and local community organizations. The study targeted primary and lower secondary
school students, with data collected via self-administered questionnaires completed by both the children
and their primary caregivers. This dual-source approach ensures a comprehensive and reliable under-
standing of household environmental behaviors.

The dataset has been published and is publicly available in the journal Data in Brief (Jia & Yu, 2021b).
The curated dataset and code used for this study’s analysis are stored in the Zenodo system for open
scientific verification: https://zenodo.org/records/17883083. The dataset comprises a range of variables,
including demographic information (e.g., gender, grade, city, household income), self-reported environ-
mental protection behaviors, frequency of interactions with nature, parental environmental behaviors,
and environmental discussions among family members, as captured in the questionnaire survey.

For the purposes of this study, we generated five variables: one outcome variable and four predictor
variables.

The outcome variable, ChildrenProenvironmentBehavior, is a composite index derived from 23 items
(B1-B23) representing a broad range of environmentally responsible actions, including waste sorting,
conserving water and energy, recycling, reducing plastic use, and participating in environmental pro-
tection activities. These items were originally drawn from the General Ecological Behavior Scale (Kaiser
& Wilson, 2004) and later adapted and validated among Chinese participants aged 9-21 years (Krettenauer
et al., 2020). In the version adapted by Jia and Yu (2021a), four items deemed unsuitable for parent-re-
ported assessment were removed.

The predictor variables consist of ChildrenNaturelnteraction, DiscussionwithFather, DiscussionwithMother,
and ChildrenGrade. ChildrenNaturelnteraction is a composite index constructed from five items (A7, A8,
A9, A10, and A15) originating from the Parent-Child Engagement Scale developed by Jia and Yu (2021b).
Although the full scale contains 15 items, we selected only those that specifically capture children’s direct
interactions with nature:
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o  parents assisting children in raising an animal or plant to cultivate affinity with nature;

o teaching children to recognize plants outdoors and understand their relevance to human life;

o taking children outdoors across seasons to observe insects and learn about their life habits;

o accompanying children to parks, forests, or other natural environments to facilitate firsthand contact
with nature; and

o taking children to museums to learn about endangered or extinct species and the relationship
between environmental conditions and animal survival.

DiscussionwithFather and DiscussionwithMother capture the frequency with which fathers and moth-
ers, respectively, discuss environmental issues with their children. ChildrenGrade denotes the child’s
school year, coded from 1 (“1st grade”) to 6 (“6th grade”).

Table 1 presents descriptive statistics for all variables included in the models.

Statistical models

For the purposes of this study—which examines how parental engagement in children’s interactions with
nature relates to children’s PEBs across different scenarios involving fathers’ and mothers” discussions
and children’s grade levels—we constructed Model 1. Model 1 has one main association with nature
interaction and three moderating associations with father’s discussion, mother’s discussion, and student’s
grade. The model is structured as follows:

ChildrenProenvironmentBehavior ~ normal (u,c) (1.1)

u, = B, + B, * ChildrenNaturelnteration, + f3, * ChildrenNaturelnteration, *
DiscussionwithFather, + B, * ChildrenNaturelnteration, * DiscussionwithMother, (1.2)
+B, * ChildrenNaturelnteration, * ChildrenGrade,

B ~normal(M,S) (1.3)

In this model, p, represents the level of children’s PEBs for individual i. The coefficients (8, — ,)
follow normal distributions with mean M and standard deviation S of the independent variable of
ChildrenNaturelnteration, and interactions of DiscussionwithFather, DiscussionwithMother, and
ChildrenGrade. The logical framework of Model 1 is illustrated in Figure 1.

For the analytical component, the study employs Bayesian analysis, aided by Markov Chain Monte
Carlo (MCMC) algorithms, to optimize parameter estimation by simulating posterior distributions. All
modeling and analysis are performed using the bayesvl package in R, a specialized toolkit designed for

Table 1. Variable description.

Variable’s name Description Datatype Measurement
ChildrenNaturelnteraction Nature interactions of childrens (A7, A8, Nominal 1=never; 2=a little bit; 3=sometimes;
A9, A10, A15) 4 =fairly often; 5=always
ChildrenProenvironmentBehavior ~Children’s proenvironment beahvior, Nominal 1=never; 2=a little bit; 3=sometimes;
meausred through 23 items on 4 =fairly often; 5=always
child’s PEBs variable.
DiscussionwithFather The child-parent communication Nominal 1=never; 2=a little bit; 3=sometimes;
DiscussionwithMother through discussions with father and 4 =fairly often; 5=always

mother about environmental issues.
These variables were created from
the original variables D_fand D_m,
respectively.

ChildrenGrade Grade Nominal ~ 1=1%grade;2=2"grade ....6=6%
grade
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ChildrenNaturelnteraction*ChildrenGrade

ChildrenNaturelnteraction*
ChildrenProenvironmentalBehavior / \ DiscussionwithFather

@,

ChildrenNaturelnteraction ChildrenNaturelnteraction*

DiscussionwithMother

DiscussionwithMother ChildrenGrade

DiscussionwithFather

Figure 1. Model 1's logical network.

constructing Bayesian networks and applying GITT-based models in social data research (Vuong & La,
2019). For model estimation, posterior distributions were obtained using four independent MCMC
chains, each consisting of 5,000 iterations, including 2,000 warm-up iterations. More detailed information
on model specification, treatment, and diagnostics is provided in the Supplementary File.

Research ethics

This study followed international ethical standards for research involving minors. Informed consent was
obtained from the caregivers, while assent was collected from the participating children. All personally
identifiable information was anonymized to ensure confidentiality. Furthermore, as a secondary data
analysis, the study fully complied with the data usage permissions and adhered to ethical guidelines
concerning the use of publicly available datasets for scientific research purposes.

Results

In Model 1, we examine the association between parental engagement in children’s nature interactions
and children’s PEBs, as well as how this relationship is moderated by the frequency of environmental
discussions with mothers and fathers and by children’s grade level. All diagnostics assessing model fit,
chain convergence, and prior sensitivity confirm that the estimates are robust and appropriate for inter-
pretation (see Supplementary file).

The simulated results in Table 2 show that the association between children’s nature interactions and
their PEBs varies depending on the frequency of parental discussions and the child’s grade. Specifically,
children’s nature engagement exhibits a negative association with PEBs (M ;.1 ..naturemteraction = —0-11)-
However, the association is positively moderated by the discussion with mother
(MChildrenNuturelntemction*DiscussionwithMuther: 004)’ father (MC = 001)’ and children’s
grade (M g,u,ennanurermteractionshidrencrade = 0-01)-

Figure 2 presents the posterior distributions of the coefficients alongside their 95% Highest Posterior
Density Intervals (HPDIs), which represent the narrowest interval containing the 95% most credible parameter
values. It suggests that the associations of ChildrenNaturelnteraction, ChildrenNaturelnteraction*

hildrenNaturelnteraction*DiscussionwithFather


https://doi.org/10.1080/00958964.2026.2631981
https://doi.org/10.1080/00958964.2026.2631981

8 Q-H.VUONGET AL.

Table 2. Model 1's simulated posteriors.

Standard
Parameters Mean deviation n_eff Rhat
Constant 3.48 0.08 6722 1
ChildrenNaturelnteraction -0.11 0.04 6952 1
ChildrenNaturelnteraction*DiscussionwithMother 0.04 0.01 6882 1
ChildrenNaturelnteraction*DiscussionwithFather 0.01 0.01 6842 1
ChildrenNaturelnteraction*ChildrenGrade 0.01 0.00 10559 1
mode = 3.48 mode =—-0.108 mode =0.0377
95% HPDI 95% HPDI 95% HPDI
3.31 3.64 -0.185 —0.0298 0.0213 0.0557
r T T T T T 1 r T T T T 1 r T T T T T 1
32 33 34 35 36 37 38 -025 -020 -0.15 -0.10 -005 0.00 001 002 003 004 005 006 0.07
Constant ChildrenNaturelnteraction ChildrenNaturelnteraction*
DiscussionwithMother
mode =0.0064 mode =0.00685
95% HPDI 95% HPDI
-0.00803 0.0213 -0.00034 0.015
T T T T T 1 r T T T T )
-0.02 -0.01 0.00 0.01 0.02 0.03 -0.005 0000 0.005 0.010 0015 0.020
ChildrenNaturelnteraction* ChildrenNaturelnteraction*
DiscussionwithFather ChildrenGrade

Figure 2. Coefficients’ posterior distributions of Model 1.

DiscussionwithMother, and ChildrenNatureInteraction*ChildrenGrade are highly reliable, while that of
ChildrenNaturelnteraction*DiscussionwithFather is only moderately reliable.

To more comprehensively interpret how parental engagement of children with nature interactions
relates to their PEBs under different discussion frequencies, we visualize the moderating effects in
Figures 3-a and 3-b. Figure 3-a illustrates that children’s interactions with nature are positively asso-
ciated with PEBs only when the mother discusses with their children the benefits of environmentally
friendly behaviors (from “a little bit” to “always”). Moreover, the strength of this association increases
as the frequency of mother-child discussions rises. In contrast, when mothers “never” engage in such
discussions, children’s nature interactions show a slightly negative association with PEBs.

Meanwhile, although discussions with fathers exert a moderating effect, they are less influential than
discussions with mothers, as reflected in three patterns shown in Figures 3-a and 3-b. First, the magnitude
of the amplifying effect of father—child discussions is smaller than that of mother-child discussions.
Second, at any given level of nature interaction, children who “fairly often” or “always” discuss environ-
mental issues with their mothers exhibit consistently higher PEBs levels than those with comparable
discussion frequencies with their fathers. Third, even when fathers “never” discuss environmental issues,
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as —e— Never
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—e— Always
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(a)
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E —o— A little bit
a 36 ;
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34 —e—Fairly often

—e— Always
32

Never Alittle bit Sometimes Fairly often Always

Nature interactions

(b)

Figure 3. Predicted frequency of children’s PEBs as a function of their nature interaction frequency and the frequency of environmen-
tal discussions with (a) mothers and (b) fathers. In panel (a), discussions with fathers are held constant at “sometimes,” and the child’s
grade is fixed at 3rd grade. In panel (b), discussions with mothers are held constant at “sometimes,” with the child’s grade likewise fixed
at 3rd grade.

children’s nature interactions remain positively associated with PEBs as long as the mother engages in
such discussions.

Figure 4 shows the chidlren’s frequency of PEBs according to the frequency of nature interactions and
the children’s grade. It suggests that higher grade levels may slightly amplify the positive association
between nature interactions and PEBs.

4, Discussion

This study examined how parental engagement in children’s interactions with nature is associated with
their PEBs, and how this relationship varies across varying family communication patterns and stages
of childhood development. Drawing on GITT, we analyzed data from 516 child-caregiver pairs across
five Chinese cities, incorporating three moderators: mothers” environmental discussions, fathers” envi-
ronmental discussions, and children’s grade level. The findings show that the association between parental
engagement of children in nature interactions and children’s PEBs differs according to the frequency of
these parental discussions and the child’s grade.

First, our findings show that parental engagement in children’s nature interactions is positively asso-
ciated with children’s PEBs, and the magnitude of this association becomes stronger as the frequency of
environmental discussions with both mothers and fathers increases. This result complements the work
of Jia and Yu (2021a), demonstrating that parent-child communication in the Chinese context not only
mediates the relationship between parents’ and children’s PEBs but also amplifies the association between
parental facilitation of nature interactions and children’s environmental behaviors.

These findings support our first and second hypotheses grounded in GITT. Parent-child conversations
do more than reinforce information; parents can also shape how effectively nature experiences penetrate
and are integrated within a child’s cognitive filters. As engaging children in environmental discussions,
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44
4.2
Grade

4
—&— 1st grade
£ 3.8 —&— 2nd grade

w

& 36 —e— 3rd grade
—@— 4th grade

3.4
—e— 5th grade
3.2 —e—Gth grade

Never A little bit Sometimes Fairly often Always

Nature interactions

Figure 4. Predicted frequency of children’s PEBs as a function of their nature interaction frequency and grade level, with discussions
with both mothers and fathers held constant at “sometimes."

mothers enable their children to articulate, interpret, and consolidate the values derived from nature
encounters (Spiteri, 2023). These discussions can act as interpretive bridges that translate abstract sensory
experiences or environmental knowledge into concrete behavioral motivations by linking them to the
children’s existing value systems. Importantly, such conversations can occur during visits to parks, forests,
or museums, and afterward, when parents help children recall and relate sensory impressions and emo-
tions to their everyday lives. Through this process, parents function as interpreters and contextualizers
of nature-related information, ensuring that children’s encounters with nature resonate with their devel-
oping values and can be translated into consistent behavioral patterns. This perspective helps explain
why nature exposure alone—without parental reinforcing discussions—exhibit a weaker association
with PEBs.

We also found that the moderating effect of mothers’ environmental discussions is not only stronger
but also more reliable than that of fathers. Notably, when children reported never discussing environ-
mental issues with their mother, the association between nature interactions and PEBs became slightly
negative. This pattern supports our fourth hypothesis. As discussed earlier, this may stem from Confucian-
based family norms in China, where mothers are expected to provide daily care and emotional nurturance,
while fathers traditionally remain more distant from routine childcare and exhibit restrained emotional
expression (Chen et al., 2022; Li & Lamb, 2015). Within such socio-cultural settings, both fathers and
children may find it difficult to share thoughts and emotions openly, reducing the depth and quality of
environmental discussions even when they occur frequently. Consequently, fathers’ conversations may
be less effective in serving as “translators” or “facilitators” that convert abstract nature experiences into
concrete behavioral motivations, whereas mothers’ discussions more readily facilitate this interpretive
and value-forming process. Future research is needed to further validate this reasoning using more direct
measures or robust proxies of Chinese cultural values held by both parents and children.

Beyond the socio-cultural characteristics of Chinese families, this finding may also be explained by
other factors. One possibility is gendered differences in environmental attitudes. Research consistently
shows that women tend to hold stronger pro-environmental orientations and exhibit greater emotional
connectedness to nature than men (Casey & Scott, 2006; Li, Wang, & Saechang, 2022; Taylor et al., 2000;
Triantafyllidis & Darvin, 2021). Such dispositions may enable mothers to help children engage more
deeply with nature-related information, thereby supporting value formation and the development of
PEBs more effectively. Moreover, the stronger moderating effect of mothers’ discussions may also relate
to the types of PEBs measured. Scopelliti et al. (2022) found in Italy that mothers’ biospheric values
predicted children’s recycling and waste reduction behaviors, whereas fathers’ values predicted children’s
“strong ecological behaviors,” such as financial contributions to environmental organizations, reading
environmental literature, calling out unsustainable actions. The PEBs scale used in our study primarily
captures recycling, waste reduction, and energy and water conservation behaviors—behaviors more
closely aligned with those influenced by mothers in Scopelliti et al. (2022)’s work—while excluding the
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stronger ecological behaviors typically associated with paternal influence. This measurement focus may
therefore contribute to the observed dominance of mothers’ moderating effects over fathers.

Although further research is needed to determine whether—and to what extent—Chinese mothers
consistently play a dominant role in environmental education due to cultural values, our findings under-
score the necessity of considering socio-cultural characteristics when studying educational processes
and designing policies, particularly those involving parent-child interactions. In many societies, including
Confucian-influenced contexts, parental roles, communication patterns, and expectations differ between
mothers and fathers, shaping how children absorb and internalize environmental information. Ignoring
these culturally specific dynamics risks overlooking key mechanisms of value formation and may lead
to policy interventions that fail to resonate with local families.

Secondly, this study reveals that the association between nature interactions and PEBs is moderated
by grade levels, confirming our third hypothesis. This grade-dependent effect highlights the important
role of age and formal education in enhancing individuals’ environmental concern and capacity to process
and integrate nature-related information (Gifford & Nilsson, 2014; Otto et al., 2019). Through the GITT,
we can conceptualize how children’s information processing systems evolve: they increasingly filter,
absorb, and integrate environmental information into their core values, which manifests in their behaviors
(Vuong et al., 2022). The cognitive maturation associated with richer environmental knowledge obtained
from higher grade levels brings a more sophisticated information processing capacity. Children develop
abilities to extract meaningful insights from nature interactions and connect sensory experiences (i.e.,
bird feeding) (Beery & Jorgensen, 2018), visual contact (Duron-Ramos et al., 2020; Rosa & Collado,
2019), and vicarious experience (Yue & Chen, 2023) with abstract environmental concepts. This devel-
opmental progression can moderate the association between nature experience and pro-environmental
action, as their advancing cognitive abilities enable Nature Quotient (NQ), i.e., a more complex under-
standing of environmental relationships and consequences (Agoston et al., 2024; Vuong & Nguyen, 2024a).

However, this finding appears to contradict prior studies by Barrable and Booth (2020), Keith et al.
(2021), and Krettenauer et al. (2020). Barrable & Booth (2020) suggest that changes in nature connection
in younger children are more resistant to change over time. Keith et al. (2021) also found that younger
students (aged 8-11) were more strongly connected with nature than their older peers (aged 12-14) in
Australia. Lower levels of nature connectedness among older adolescents have also been documented in
comparative research conducted in Canada and China (Krettenauer et al., 2020). Such a contradiction
could be explained by the documented “adolescent dip,” a phase during which sustainability consciousness
and connection to nature temporarily decline before rebounding in adulthood (Keith et al., 2021; Olsson
& Gericke, 2016). Notably, the children in our study were typically between 6 and 12 years of age, corre-
sponding to Grades 1-6 in the Chinese education system. Moreover, our findings align with with devel-
opmental evidence reported by Otto et al. (2019), who identified a curvilinear relationship in environmental
attitudes and behaviors—increasing from ages 7 to 10, plateauing between 10 and 14, and subsequently
declining.

This study makes several important theoretical contributions. First, it reinforces the view that positive
interactions with nature play an important role in shaping children’s environmental attitudes and behav-
iors. Second, the findings are consistent with GITT, which conceptualizes the formation of pro-environ-
mental values as the outcome of the dynamic interactions between the children’s mind, nature-related
information, and family communication patterns. Once formed, these values serve as internal benchmarks
guiding subsequent PEBs (Nguyen & Jones, 2022; Vuong & Nguyen, 2024b). Particularly, our study
reframes childhood nature exposure as an interactive rather than passive process, suggesting that how
children engage with nature, and with whom, is important.

From a practical perspective, these findings underscore the importance of integrating direct
nature experiences with structured family engagement, particularly through active parental—espe-
cially maternal—involvement in environmental education. Strengthening parent-child communi-
cation during nature-based and outdoor activities may help reinforce the human-nature nexus and
support intergenerational sustainability. Moreover, environmental education programs should be
tailored to children’s developmental stages to maximize effectiveness, with particular emphasis on
children in higher grade levels (within the Grades 1-6 range), who appear more capable of trans-
lating nature experiences into sustained PEBs (Gifford & Nilsson, 2014; Otto et al., 2019).
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Nevertheless, this study acknowledges several limitations. First, our cross-sectional data limit causal
inference, necessitating longitudinal research to better capture the dynamic processes of environmental
value development over time. Second, the cultural specificity of our urban Chinese sample may constrain
the generalizability of these findings to other cultural contexts with different family structures and envi-
ronmental attitudes. Third, our reliance on self-reported data could introduce social desirability biases,
particularly in environmental behaviors; future studies would benefit from incorporating observational
and behavioral measures to validate self-reports. Fourth, the measurement of children’s PEBs focuses
primarily on actions that mitigate anthropogenic harm (e.g., recycling, conserving water or energy),
while largely omitting behaviors that generate ecological surplus—such as urban gardening, contributing
to conservation programs, supporting the maintenance or expansion of public parks, or participating in
citizen-science activities. This narrow operationalization may therefore underestimate the roles of fathers
in fostering certain forms of PEBs and fail to capture a broader set of sustainability-oriented behaviors
that actively restore or enhance ecosystems. Updating existing behavior scales to incorporate diverse
contemporary, child-appropriate eco-surplus behaviors and extending empirical studies in some Sino-
sphere countries would provide a more holistic and accurate assessment.

In conclusion, by elucidating key moderators of the nature-proenvironmental behavior link in children,
this study advances theory on the developmental origins of environmental concern and provides action-
able insights for educators, parents, and policymakers. The path to environmental sustainability runs
not just through policies and technologies, but through the intimate connections between children,
families, and the natural world. By strengthening these connections through deliberate educational
approaches and family engagement, we can nurture environmental values that may ultimately contribute
to broader societal transformation toward sustainability and an eco-surplus society.
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