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ARTICLE INFO ABSTRACT

Editor: Prof. Pasquale Marcello Falcone Carbon neutrality is one effective way to mitigate climate change, and it requires the efforts of all sectors of
society. Researchers have developed several communication strategies to encourage climate collective action, but

Keywords: they have mainly focused on adults. We propose children-led environmental communication is a productive

Ciligren-led environmental communication pathway for promoting collective action. The present study, using a total of 458 matched household-level survey

Children

data and qualitative data from eight children, explored the role of children-led environmental communication.
The results show that: (1) Children-led environmental communication facilitates their own climate change worry
which in turn leads to conservation behaviors. (2) For parents with little literacy of carbon neutrality, their
climate change worry is positively predicted by environmental communication led by their children which also
leads to conservation behaviors. (3) Climate change education promotes children-led environmental commu-
nication by increasing carbon neutrality knowledge. In conclusion, children-led environmental communication is
driven by climate change education, which in turn promotes conservation behavior in children as well as in their
parents. We suggest that educators and communicators could consider children-led environmental communi-
cation as a new breakthrough in promoting collective action to mitigate climate change.

Parents
Climate change education
Conservation behavior

process are often overlooked by communicators. We believed it is
essential that children can also play a leading role in communication. In
this study, children-led environmental communication is defined as the
communication initiated by children with parents, peers or teachers
about environmental topics. It is a very promising strategy to nudge
household conservation behaviors in two ways. First, according to self-
determine theory (Ryan and Deci, 2017), the initiative in children-led
environmental communication reflects children's intrinsic motivation
that helps them to actively engage in communication, which further
contributes to positive downstream effects such as the internalization of
environmental information and changes in their own conservation be-
haviors. Second, because parents are more likely to trust information

1. Introduction

Climate change has become a common problem facing the world. If
the 1.5 °C goal of the Paris Agreement is to be met, carbon neutrality will
have to be achieved by around 2050 (Intergovernment Panel on Climate
Change, 2018). To reduce carbon emissions, individuals' behaviors such
as efficient use of energy and resources in the residential sector and
opting for public transport are considered as effective ways (United
Nations Environment Programme, 2020; Mi et al., 2021). Accordingly,
researchers developed several communication strategies to encourage
mitigation behavior (Lawson et al., 2018). Empirical evidence shows . .
that climate change communication typically changes people's percep- from thenT children (La\{vson et al., 2018; Sa.melroff,. 1975;. Wang et al.,
tions of climate change as well as mitigation behaviors (Goldberg et al., 2022), children-led environmental communication is a suitable way to
2019; Goldberg et al., 2022). change their parents' conservation behaviors. Therefore, parents may
shift their own views when children proactively communicate envi-
ronmental information to them.

There are several limitations in previous research on climate change
communication. First, previous research mainly explored the effect of
communication on adults' perceptions of climate change and behaviors.

In existing research, climate change communication is defined as a
conversation or discussion between individuals about climate change
(Goldberg et al., 2019; Swim et al., 2018). However, adults usually take
the lead in climate change communication at the household level, and
children being a passive and marginal position in the communication
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Nomenclature

NNOCCI National Network for Ocean and Climate Change

Institutions
T1 Time 1
T2 Time 2
SE Standard Error
CI Confidence interval

Actually, most researchers only measure communication by asking
adults whether they discussed climate change with family (e.g., Ballew
et al.,, 2019; Goldberg et al., 2019; Goldberg et al., 2022), without
considering the role of children's initiative (Stevenson et al., 2016; Wang
et al., 2022). Hence, there is a lack of research exploring whether and
how children-led environmental communication affects their own
behavior. Second, researchers have realized that adults are influenced
by entrenched worldviews and political leanings, and that children are
usually not interfered with by political leanings and worldviews and can
stimulate adults to rethink and accept climate change information
(Cohen, 2003; Lawson et al.,, 2018; Wang et al., 2022). Yet, limited
research considers the role of children-led environmental communica-
tion on parents. This is surprising, considering that communication
pathways led by children are uniquely positioned to combat inherent
adult perceptions of climate change. Third, it is worth noting that
research on promoting people to engage in communication is emerging.
Recent studies found some interventions, such as educational activities,
that are able to enhance adult's willingness to discuss climate change
with others (e.g., Geiger and Swim, 2016; Geiger et al., 2017a). The
impact of these educational activities on adult discussion is often
explained by researchers using social learning theory, impression man-
agement and the spiral of silence theory. For children, schooling is a key
part of shaping their perceptions and behaviors, which makes it possible
for children to initiate discussions about environmental topics. How-
ever, given the lack of consideration of initiative in communication in
existing research, no studies have explored the impact of education on
children-led environmental communication based on self-determination
theory. Hence, there is still a huge gap to explore how education fosters
children to proactively communicate environmental information with
others.

To fill these gaps, we seek to address three fundamental questions in
children-led environmental communication: Does children-led envi-
ronmental communication influence their own conservation behaviors?
Does children-led environmental communication have a spillover effect
on their parents' conservation behaviors and why? Does climate change
education influence children-led environmental communication? We
conducted a survey of 440 children and their parents (one parent in each
household) in China, over a nine-month interval. We asked children at
Time 1 (T1) about conservation behaviors, environmental communica-
tion, and collected their demographic information. Considering that
communication does not work immediately, after 9 months (Time 2,
T2), we therefore asked their parents about their climate change worry,
conservation behaviors, literacy of carbon neutrality, and their de-
mographic information (including age, sex, monthly income, and edu-
cation level). To further validate the role of children-led environmental
communication, we conducted face-to-face interviews by inviting eight
children in a Beijing middle school, and obtained their qualitative data.
Based on these sample data, the results showed that children-led envi-
ronmental communication had a significant and positive effect on their
own conservation behaviors by the mediation of climate change worry;
children-led environmental communication significantly and positively
predicted parents' conservation behaviors by the mediation of parents'
climate change worry. Further exploration found that climate change
education had a significant and positive effect on children-led
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environmental communication by the mediation of carbon neutrality
knowledge. The research framework is shown in Fig. 1.

Our research contributes to the existing literature in three ways.
First, the current study found a significant effect of children-led envi-
ronmental communication on children's conservation behaviors and a
key mediator (climate change worry). These findings fill a gap in the
climate change communication literature and provides a strong basis for
understanding the role of children-led environmental communication.
Second, based on our matched family-level data, we found that children-
led environmental communication and conservation behavior predict
parental climate change worry and conservation behaviors across time.
These findings demonstrate robust and positive spillover effects of
children's proactive participation in environmental communication, and
thus provide new directions for theoretical development of climate
change communication. Finally, for the first time, the current work
demonstrates that climate change education influences children-led
environmental communication through knowledge, suggesting a
pathway by climate change education facilitates children-led environ-
mental communication.

2. Literature review and theoretic foundation

In Section 2, we conduct a literature review and examine the existing
theories on children-led environmental communication. We propose a
framework that explores the influence of children-led environmental
communication on both their own conservation behaviors and those of
their parents, as well as the factors that affect children-led environ-
mental communication, particularly climate change education. This
section's framework consists of three main components: (1) the rela-
tionship between children-led environmental communication and con-
servation behaviors, (2) the spillover effects of children-led
environmental communication, and (3) the impact of climate change
education on children-led environmental communication.

2.1. Children-led environmental communication and conservation
behaviors

Initiative holds a central position in self-determination theory and
reflects an individual's intrinsic motivation (Ryan and Deci, 2017). In
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Fig. 1. The framework of the current research.
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this theory, intrinsic motivation represents a highly autonomous and
self-driven state for individuals, emphasizing the pivotal role of initia-
tive in engaging in various activities. For example, in the context of
school learning, the quality of learning is usually better for students with
high intrinsic motivation. Conversely, extrinsic motivation entails
engaging in behaviors driven by external factors such as compliance,
rewards, or punishments, which often results in lower performance
compared to intrinsic motivation (Ryan and Deci, 2017). To illustrate,
students primarily motivated by extrinsic factors may experience
diminished learning outcomes during passive learning, and they may
even be at risk for behavioral problems or dropping out of school (Ryan
and Deci, 2013, 2016).

Applied to environmental communication, self-determination theory
highlights the positive impact of the intrinsic motivation in the
communication initiator on individual performance (Ryan and Deci,
2017). Within families, parents commonly take the lead in initiating
conversations, leaving children in passive roles and subject to external
pressures to participate in discussions. Consequently, these non-self-
determining factors suggest that children may lack autonomy and
exhibit externally driven motivation in engaging in environmental dis-
cussions, which may not yield positive behavioral outcomes from these
conversations. In contrast, when children take the initiative in discus-
sing climate change topics with their parents, this self-directed behavior
contributes to favorable downstream effects.

We contend that when children proactively engage in conversations
about climate change, their self-driven engagement yields positive
outcomes, including enhanced climate change worry and increased
personal climate actions. From the perspective of climate change
communication theory (Ballantyne, 2016), interpersonal environmental
communication shapes people's perceptions of climate change, which is
one of the keys to influencing behaviors. For example, Goldberg et al.
(2019), based on the panel data, found that interpersonal environmental
communication effectively raised climate change worry. As climate
change worry results from people engaging with the topic of climate
change and being troubled by the consequences of climate change, it is
likely to motivate individuals to take personal climate action to mitigate
climate change (Bouman et al., 2020).

However, children-led environmental communication has long been
overlooked by communicators. Most research on the role of climate
change communication tends to focus on general discussions among
adult populations, neglecting the significance of initiative and children
in communication. Consequently, there are limited studies that have
addressed the positive downstream effects (e.g., increased climate
change worry promotes conservation behavior) of children-led envi-
ronmental communication. Therefore, based on the above inferences,
we propose the following hypotheses.

H1. Children-led environmental communication is able to promote
their own conservation behavior.

H2. Climate change worry mediates the effect of children-led envi-
ronmental communication on conservation behavior.

2.2. The spillover effects of children-led environmental communication

The spillover effect of communication can be explained by socializ-
ation theory. According to socialization theory, parents as the primary
socialization factor exert the greatest influence on children and ado-
lescents. Most research on socialization focuses on children's learning
outcomes during interactions with their parents. These outcomes are
thought to be likely to result from communication within the family
(Grgnhgj and Thggersen, 2009). Empirical studies found that environ-
mental communication in family contributes to the adoption of pro-
environmental behaviors by family members. For example, married-
couples promote each other's pro-environmental behaviors (Goldberg
et al., 2022; Hung and Bayrak, 2019); parents foster their children's
climate change perceptions and behaviors (Jia and Yu, 2021; Mead
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et al., 2012; Valdez et al., 2017).

Recently, a growing body of environmental research focuses on
reverse intergenerational effects (Lawson et al., 2018; Wang et al., 2022;
Zukauskieneé et al., 2021), and it is supported by the bidirectional theory
of parent-child relationships (for example, Bell, 1968; Sameroff, 1975).
Spiteri (2020) found that parents reported that they were often receptive
to requests from children and willing to engage in recycling behaviors.
Ultimately, the results of the interviews showed that some children
extended the participation of the community in the act of recycling
(Spiteri, 2020). An interview with Chinese families also showed that
children shared environmental topics with their parents and believed
they influenced their parents, while parents acknowledged that they
were influenced by their children to actively participate in pro-
environmental behaviors (Deng et al., 2022). The results of these qual-
itative multiple case studies across different cultural contexts reveal that
children-led environmental communication has a real impact on parents'
pro-environmental attitudes and behaviors.

An empirical study focusing on parent-child intergenerational
learning showed that climate change communication elevated parental
climate change worry (Lawson et al., 2019a). In another study con-
ducted by Lawson et al. (2019b), educational sessions focusing on
intergenerational learning were conducted. The results revealed that
children's communication about climate change with their parents
increased parental worries regarding climate change within an
education-driven context. Especially in the family context, children are a
source of climate change information from close social networks
(compared to less close social networks) (Zukauskieneé et al., 2021), and
they are more likely to motivate parents to accept information (for
similar views see Goldberg et al., 2019; Lawson et al., 2018; Wang et al.,
2022). Therefore, it is reasonable to assume that child-parent commu-
nication elicits parental climate change worry, which provides a route of
spillover effects from children-led environmental communication to
parent's conservation behaviors.

In addition, the characteristics of parents may moderate the spillover
effect of children-led environmental communication. For example,
parents with different levels of climate change literacy may be influ-
enced differently by children-led environmental communication, as
knowledge is a driver of public concern about climate change (Shi et al.,
2016). Further, for parents who lack knowledge about climate change
mitigation such as carbon neutrality, the information they receive come
more predominantly from communication with their children
(Zukauskiené et al., 2021), and their climate change worry may be
altered as a result. Ultimately, parents' climate change worry arising
from their communication with their children will motivate them to take
further action. Considering that there is limited knowledge about the
spillover effect of children-led environmental communication, the pre-
sent study aims to prove the following hypothesis based on matched
household-level data.

H3. For parents with little literacy of climate change mitigation,
children-led environmental communication increases parental climate
change worry, thus increasing parental conservation behaviors; for
parents with relatively high literacy of climate change mitigation,
children-led environmental communication is less likely to increase
parental climate change worry, increasing parental conservation
behaviors.

2.3. Climate change education and children-led environmental
communication

Education may have great potential to foster children's proactive
communication, as a sound educational approach is an important path
to develop students' autonomy by knowledge (Ryan and Deci, 2017) and
children's knowledge has been identified by researchers as an important
factor in breaking climate silence (i.e., not engaging in environmental
communication) (Geiger and Swim, 2016; Goldberg et al., 2019; Swim
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et al., 2018). While communication scholars gradually focused on how
to contribute to climate change discussions in recent years, one possible
explanation is that (Geiger and Swim, 2016), according to the spiral of
silence theory, if people mistakenly believes that they are in conflict
with the views of the majority of other people, they will be reluctant to
engage in climate information dissemination. Especially, since the topic
of climate change is controversial, they believe that their views may not
be popular with others. Other evidence also shows that U.S. adults
report more knowledge about climate change when they participate in
educational programs aimed at increasing their knowledge (Geiger
et al., 2017b). Importantly, climate change knowledge improved their
self-efficacy and response efficacy to engage in climate change discus-
sions, which led to an increase in the discussion of climate-change
related topics (Geiger et al., 2017a).

It is universally accepted that education as one of the effective in-
terventions provides students with knowledge (Barraza et al., 2003;
Monroe et al., 2017). Applied to climate change, climate change edu-
cation aims to enrich students' knowledge of climate change through the
addition of climate change to curriculum guides (Monroe et al., 2017).
Empirical studies have found that climate change education increases
students' knowledge about climate science (Flora et al., 2014; Karpu-
dewan and Mohd Ali Khan, 2017; Tolppanen et al., 2022). For example,
in the United States, a leadership training program on climate change
education led by the National Network for Ocean and Climate Change
Institutions (NNOCCI) is designed to increase knowledge about climate
change. Swim et al. (2017) found that visitors who participated in
climate change education at nature-based museums participating
NNOCCI reported more knowledge compared to non-visitors.

However, climate change education researchers have begun to
question the weak link between knowledge, attitudes and behaviors to
engage with climate change (e.g., Monroe et al., 2017; Rousell and
Cutter-Mackenzie-Knowles, 2020). In addition, existing research has
also neglected proactivity in environmental communication, and the
topic of knowledge influencing children's proactive engagement in
environmental communication based on self-determination theory has
not been examined. Therefore, there is a strong need to test the effec-
tiveness of climate change education and whether it affects students'
proactive climate change communication. If carbon neutrality education
increases students' carbon neutrality knowledge, children may be more
willing to proactively engage in environmental communication. There-
fore, we propose the following hypothesis.

H4. Climate change education has a positive indirect effect on the
frequency of children-led environmental communication through
knowledge.

3. Methods

In Section 3, we provide an overview of the reasons and procedures
for data collection, as well as the measurements for key variables. In
Subsection 3.1, we provide a detailed explanation for selecting Beijing as
a representative region in our study, and describe the process of col-
lecting household-level data and socio-demographic information from
participants. Additionally, we provide a description of the purpose of the
qualitative interview and information about the interviewees. In Sub-
section 3.2, we outline the measurements for key variables, which
include children-led environmental communication, climate change
worry, conservation behaviors, climate change education, children's
knowledge about carbon neutrality, parental literacy of carbon
neutrality, and control variables.

3.1. Data collection

We used Beijing as the study site. Beijing is one of the most populous
and educated cities in China, and it ranks first among Chinese provinces
and cities in GDP per capita (2022). It is a leader in China in all aspects of
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the economy and education. However, despite its advancements, Beij-
ing's energy consumption continues to trend upward. Fortunately, in
line with the Chinese government's goal of carbon neutrality, the Beijing
Municipal People's Government has introduced policies and programs to
promote carbon peaking and carbon neutrality in the areas of energy,
science and technology, and education. For example, the local govern-
ment of Beijing has launched the Beijing Green Development and Car-
bon Neutral Campaign, which includes activities like the Beijing Green
Living Season and the Carbon Inclusion Service for Resident House-
holds. These efforts incentivize residential households to adopt low-
carbon behaviors through financial incentives from the consumption
side. Importantly, carbon-neutral education is also being implemented
by the local government in Beijing. It serves as an effective tool that
extends beyond individual consumers and can impact entire households.
Some middle schools in Beijing have gradually incorporated carbon
neutral education into their education system. For example, middle
schools in Beijing encouraged students to engage in activities such as
producing handwritten newspapers, donating used goods, and partici-
pating in popular science fairs and talks, all centered around the concept
of low-carbon practices (Zhang et al., 2022). Therefore, we chose Beijing
as a representative region to study the impact of children-led environ-
mental communication on the conservation behavior of children and
their parents. We hope that targeted climate change education will
promote climate change mitigation behavior among various groups,
such as youth and middle-aged adults.

In November 2021, we contacted over a dozen classroom teachers in
several Beijing middle schools and informed them that we hoped to
learn about students' knowledge and attitudes towards carbon
neutrality. After obtaining students' consent, the classroom teachers sent
the questionnaire (please see the supplementary information below)
developed by us to their students. In the end, we collected 723 ques-
tionnaires at time 1 (T1). In general, communication does not work
immediately, given that it requires the long-term engagement of people
to change their perceptions and behaviors (Markowitz and Guckian,
2018). Therefore, to assess the robustness of the effect of children-led
environmental communication, we surveyed their father or mother
after nine months (notated as Time 2, T2), and collected a total of 458
matched household-level data, with a response rate of 63.34 %. After
excluding missing cases for key variables (excluding socio-demographic
variables) as well as invalid cases (a total of 3.93 %), the final valid
sample was 440. The demographic distribution of children and parents is
shown in Table 1.

To further validate the effectiveness of children-led environmental
communication and climate change education, we conducted qualita-
tive data collection in June 2023 at a middle school in Beijing. Conve-
nience sampling was used to select participants for the study. A total of
eight children (males = 2, females = 6; mean age = 13.25, standard
deviation = 0.46) were invited to participate in structured face-to-face
interviews. During the interviews, we posed two question themes to
both the children: (1) whether their involvement in climate change
education influences their own knowledge and the initiative of discus-
sions. (2) whether the initiated discussions of climate change with their
parents influences their parents' attitudes and behaviors. The specific
questions posed in the interviews can be found in Appendix A Table A1.
The results of these interviews allow us to further qualitatively assess the
causal relationships between these variables.

Additionally, we invited the parents (mean age = 43, standard de-
viation = 2) of these children to complete an online questionnaire sur-
vey. Specifically, we designed an online questionnaire and instructed
these children to take home printed QR codes for their parents to use in
completing the questionnaire. However, only six out of eight parents
responded to the survey, including two males and four females. In the
questionnaire (as shown in Table A2), we asked parents to determine
whether their children had proactively discussed carbon-neutral related
topics with them and whether this had influenced their attitudes and
behaviors.
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Table 1
Socio-demographic information of the participants.
Characteristic Descriptions ~ Children Descriptions Parents
Socio- (Number) (Number)
demographic
Sex Male 216 Male 95
Female 218 Female 345
Missing 6
Age (years old) 12 187 30-40 117
13 179 41-45 215
14 62 >45 108
Missing 12
School A 126
B 33
C 281
Education level - - Junior high 26
school and below
- - High school/ 71
junior college
- - Bachelor's 280
degree/college
- - Graduate 63
students
Income (Yuan/ - - Under 3000 35
Month)
- - 3000-5999 74
- - 6000-9999 123
- - 10,000-29,999 152
- - 30,000 and 56
above

Note: We excluded all missing values in our statistical analysis. Specifically, in
the correlation analysis, we used 440 valid samples to exclude missing cases for
key variables; In the linear regression analysis, we further excluded missing
cases for socio-demographic variables to control for the influence of socio-
demographic variables.

3.2. Measurements of key variables

3.2.1. Children-led environmental communication

We used a question to ask students whether the description of
environmental communication matched their actual situation (0 = very
unlikely, 10 = very likely) at T1, i.e., “I would take the initiative to
discuss low-carbon environmental knowledge with my classmates,
teachers, or family”. This question was adapted from a survey by the
Yale University Climate Change Communication Project (Ballew et al.,
2019).

3.2.2. Climate change worry

We used four questions to measure climate change worry at T1. The
measure was adapted from the study by Lawson et al. (2019b). The four
questions included, “How worried are you about climate change? (0 =
not worried at all, 10 = very worried)”; “How much do you think climate
change will affect the following areas? (0 = very little, 10 = very much)
a. Global; b. China; c. The region where you live”. In the child sample,
the Cronbach's alpha coefficient for these four questions was 0.752; in
the parent sample, the Cronbach's alpha coefficient for these four
questions was 0.860, indicating that the four questions had a good
reliability. We calculated the average value of the participants' scores on
four questions, which represented climate change worry.

3.2.3. Conservation behavior

We used four items adapted from the study by Han et al. (2022) to
measure conservation behavior. Respondents were asked to judge
whether the descriptions of behaviors were consistent with their usual
habits (0 = not at all, 10 = very much). The four descriptions included
“Every time I leave a room, I turn off the lights”, “I save electricity by
removing the plug from the plugboard immediately after charging my
phone or other electronics while at home”, “I can use air conditioners or
heaters in an energy-conserving way, for example, the temperature of air
conditioners is not set lower than 26 degrees Celsius in summer, and
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windows are not opened frequently in winter to reduce unnecessary
energy waste” and “I manage to reduce water consumption when taking
a shower (e.g. turning off the showerhead when applying the
shampoo)”. In the child sample at T1, the Cronbach's alpha coefficient
for these four questions was 0.757; in the parent sample at T2, the
Cronbach's alpha coefficient for these four questions was 0.778, indi-
cating that the four questions had a good reliability. We calculated the
average value of the participants' scores on four items, which repre-
sented conservation behavior.

3.2.4. Climate change education

At T1, we asked students about the status quo of climate change
education in their schools, with four questions. “Has your school carried
out handwritten newspaper production activities on energy conserva-
tion, low-carbon environmental protection, etc.”; “Has your school
organized donation activities for used items”; “Has your school provided
the opportunity to participate in science fairs on carbon neutrality, low
carbon environmental protection and other themes?”; “Has your school
organized lectures in popularizing knowledge on carbon neutrality,
energy conservation, emission reduction, low-carbon environmental
protection and so on?”. Students were asked to answer ‘yes’, ‘no’ or
‘don't know’. Only items with a ‘yes’ answer were scored as 1 point.
Ultimately, the sum of the four questions represented the level of stu-
dents' participation in climate change education. The validity of these
four questions has been tested by existing research (Zhang et al., 2022).

3.2.5. Children's knowledge about carbon neutrality

Nine questions were developed to measure students' knowledge of
carbon neutrality. Students were asked to determine whether the
description of carbon neutrality was correct at T1. Only items that were
answered correctly were scored as 1 point. The final sum of the nine
questions represented the level of carbon neutrality knowledge. The
nine questions included “Clothes produce carbon emissions during the
manufacturing process”, “Food purchased at home (e.g., meat, vegeta-
bles, fruits, snacks, etc.) does not produce carbon emissions during
production, transportation, etc.”, “Consumption of paper is not related
to carbon emissions”, “Carbon emissions in daily life can be reduced by
planting trees”, “Coal generation produces a lot of carbon emissions”,
“The steel industry is not related to carbon emissions”, “Frequent air
travel generates large amounts of carbon emissions”, “Long-distance
travel by car generates large amounts of carbon emissions”, and
“Compared to fuel cars, new energy vehicles will not play a role in
reducing carbon emissions”.

3.2.6. Parental literacy of carbon neutrality

We provided parents with a description of carbon neutrality and
asked them if they had heard of carbon neutrality at T2. Parents were
asked to answer ‘yes’ or ‘no’. The description of carbon neutrality was as
follows:

“Carbon” means carbon dioxide, and “neutrality” means that all
carbon dioxide or other greenhouse gases emitted by companies,
groups, and individuals are offset by energy conservation, refores-
tation, etc. This process is called carbon neutrality.

The concepts related to carbon neutrality include carbon emissions,
low-carbon products, and low-carbon environmental behaviors.
Carbon emissions refer to the process of carbon dioxide, methane and
other greenhouse gas emissions; “low-carbon” refers to lower
greenhouse gas emissions. Therefore, low-carbon products refer to
products with energy-saving and emission-reducing effects (e.g.,
energy-saving home appliances); low-carbon environmental behav-
iors refer behaviors that reduce carbon emissions and protect the
environment in life (e.g., choosing low-carbon travel).
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3.2.7. Control variables

We measured and included in the regression model demographic,
and social contextual control variables to better isolate the influence of
children-led environmental communication. For example, we measured
the children's school, sex, and age, as well as the parents' sex, age,
monthly income, and education level. In addition, previous research has
indicated that digital social media tools and other resources can play a
crucial role in acquiring information and influencing children's attitudes
and behaviors towards climate change (Parry et al., 2022). Therefore, to
exclude these factors that interfere with the impact of education, we
assessed children's proactive information acquisition by using a question
that asked students whether the description of proactive information
acquisition matched their actual situation (0 = very unlikely, 10 = very
likely). For example, while I am at home or on vacation, I will proac-
tively browse through various channels (e.g., Weibo, WeChat, Shake,
BiliBili, newspapers, books, etc.) for information about low-carbon
environmental protection or carbon neutrality. The question is adapt-
ed from the study by Tian et al. (2022).

4. Results
4.1. The statistical descriptions and correlations among key variables

We calculated statistical correlations between the key variables, as
shown in Table 2. The results showed that children-led environmental
communication was positively associated with their own climate change
worry and conservation behavior as well as their parents' climate change
worry and conservation behavior. In addition, climate change educa-
tion, children's knowledge and children-led environmental communi-
cation have a significant positive correlation with each other.

4.2. Children-led environmental communication fosters their own
conservation behavior by the mediation of climate change worry

In order to fully assess the impact of children-led environmental
communication on their own conservation behavior by climate change
worry, we constructed a model using multiple linear regression analysis.
In Model 1, to demonstrate the effect of children-led environmental
communication, we constructed a controlled model by coding sex (0 =
female, 1 = male), school a (0 = no, 1 = yes), school b (0 =no, 1 = yes)
as dichotomous dummy independent variables, and age and children-led
environmental communication as continuous variables. Next, Model 2
added children's climate change worry to Model 1 to test the explanation
power of children's climate change worry. The results were shown in
Table 3.

As can be seen in Table 3, Model 1 is established (F = 19.923, p <
0.001). Specifically, socio-demographic variables have no significant
effect on children's conservation behavior. Children-led environmental
communication, however, has a significant and positive effect on chil-
dren's conservation behavior (standardized p = 0.441, standard error
(SE) = 0.026, p < 0.001), which validated hypothesis 1.

In Model 2 (F = 18.74, p < 0.001), after the inclusion of children's
climate change worry, the standardized regression coefficient p for
children-led environmental communication reduces 0.021. The result
indicates children's climate change worry may be a mediator. Next, we
tested the mediating effect of children's climate change worry using the
PROCESS macro model. We selected model 4 and conducted a bootstrap
at the 95 % confidence interval from 5000 bootstrap samples (Hayes,
2013). As shown in Fig. 2, the indirect effect of children's climate change
worry is significant and positive (f = 0.021; SE = 0.012; 95 % confi-
dence interval (CI) = [0.003, 0.048]), even after controlling for chil-
dren's socio-demographic variables. These results, validating hypothesis
2, suggest that children who are more proactively involved in environ-
mental communication will be more worried about climate change and
more likely to engage in conservation behaviors.
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4.3. Children-led environmental communication has a spillover effect on
parental conservation behavior

According to socialization theory, parents may also change their own
attitudes and behaviors as a result of observing children's behavior in
their daily lives. Our analysis showed that children's conservation
behavior T1 positively predicted parental conservation behavior T2
(standardized p = 0.131, SE = 0.274, p < 0.05) and parental climate
change worry (standardized § = 0.156, SE = 0.035, p < 0.01). Therefore,
we controlled the influence of children's conservation behavior T1 to
fully assess the impact of children-led environmental communication T1
on parental conservation behavior T2 by parental climate change worry
T2.

First, we constructed a model using multiple linear regression anal-
ysis. As shown in Table 4, we found children-led environmental
communication has a significant predictive effect on parental climate
change worry T2. Importantly, we found a significant interaction be-
tween children-led environmental communication T1 and parental lit-
eracy of carbon neutrality T2 on parental climate change worry T2
(standardized p = —0.321, SE = 0.379, p < 0.05), even after controlling
for parental and children socio-demographic variables, children's con-
servation behavior T1, children-led environmental communication T1
and parental literacy of carbon neutrality T2. These results indicate that
although children-led environmental communication can directly in-
fluence their parental climate change worry, the moderating effect of
parental literacy of carbon neutrality needs to be considered.

Next, we tested the indirect effect of parental climate change worry
using the PROCESS macro model. We selected model 7 and conducted a
bootstrap at the 95 % confidence interval from 5000 bootstrap samples
(Hayes, 2013). As shown in Table 5 and Fig. 3, the indirect effect of
parental climate change worry is significant and positive (f = 0.04; SE =
0.021; 95 % CI = [0.005, 0.088]) for parents without literacy of carbon
neutrality at T2, even after controlling for parental and children socio-
demographic variables, children conservation behavior T1. However,
the indirect effect of parental climate change worry is not significant (p
= 0.006; SE = 0.008; 95 % CI = [—0.009, 0.021]) for parents with lit-
eracy of carbon neutrality, even after controlling for parental and chil-
dren socio-demographic variables, children conservation behavior T1.
These results, validating hypothesis 3, suggest that for parents without
literacy of carbon neutrality, the increase in their children's engagement
with environmental communication raises their level of climate change
worry, which makes them more likely to engage in conservation
behaviors.

4.4. Climate change education fosters children to engage with
environmental communication via the mediation of knowledge

Considering that other sources of information may influence
knowledge, we used the stepwise method proposed by Baron and Kenny
(1986) to test the indirect effect of climate change education on
children-led environmental communication through knowledge. First,
we aim to demonstrate that carbon neutrality knowledge is influenced
by climate change education after controlling that students are likely to
actively acquire knowledge from other sources. Therefore, in Model 4,
we constructed a controlled model by coding sex (0 = female, 1 = male),
school a (0 = no, 1 = yes), school b (0 = no, 1 = yes) as dichotomous
dummy independent variables, and age and proactive information
acquisition as continuous variables. Next, Model 5 added climate change
education to Model 4 to compare the importance of climate change
education and control variables on knowledge. The results were shown
in Table 6.

As can be seen in Table 6, Model 4 is established (F = 5.8, p < 0.001).
Specifically, socio-demographic variables have no significant effect on
carbon neutrality knowledge. Proactive information acquisition from
various channels, however, has a significant and positive effect on car-
bon neutrality knowledge (standardized p = 0.204, SE = 0.029, p <
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Table 2
The correlations between the key variables.
Mean (Standard Deviation) 1 2 3 4 5 6 7
1.Children-led environmental communication T1 6.02 (3.44) -
2.Children's climate change worry T1 7.40 (1.95) -
3.Children's conservation behavior T1 8.09 (2.02) 0.212%* -
4.Parental climate change worry T2 8.63 (1.40) 0.107* -
5.Parental conservation behavior T2 8.92 (1.36) 0.069 0.329%* —
6.Climate change education T1 1.51 (1.31) —0.003 0.072 0.101* -
7.Children's carbon neutrality knowledge T1 6.49 (2.11) 0.135%* 0.011 * 0.252%* -
* p < 0.05.
" p <0.01.
Table 3
The effect of children-led environmental communication on their own conservation behavior.
Predictive variable Model 1 Model 2
Standardized p Standard Error t Standardized p Standard Error t
Sex 0.075 0.177 1.684 0.071 0.175
Age 0.015 0.138 0.307 0.018 0.136
School a 0.013 0.369 0.159 0.021 0.365
School b —0.046 0.353 —0.535 —0.036 0.349
Children-led environmental communication 0.441 0.026 9.813%** 0.42 0.026
Children's climate change worry 0.144 0.045
R? 0.197 0.217
F 19.923%%* 18.74% %

Note: Outcome variable: children's conservation behavior.
" p < 0.001.

Indirect effect = 0.021

Children-led

Children’s

Children’s climate

environmental
communication

change worry

conservation
behavior

p <0.001

Fig. 2. The indirect effect of children-led environmental communication on their own conservation behaviors.

0.001). More importantly, in Model 5 (F = 8.089, p < 0.001), after the
inclusion of climate change education, the standardized regression co-
efficient p for climate change education (standardized p = 0.202, SE =
0.076, p < 0.001) is greater than for proactive information acquisition
(standardized p = 0.168, SE = 0.029, p < 0.001). The result indicates
that although students can enrich their knowledge via proactive infor-
mation acquisition from various channels when they are at home or
during holidays, climate change education is still their main source of
knowledge acquisition.

Next, we test whether carbon neutrality knowledge further in-
fluences children's engagement with environmental communication. We
found carbon neutrality knowledge has a significant and positive effect
on environmental communication (standardized p = 0.124, SE = 0.08, p
= 0.011). Besides, after controlling for carbon neutrality knowledge,
climate change education still has a significant and positive effect on
environmental communication (standardized p = 0.196, SE = 0.127, p
< 0.001). Based on Baron and Kenny (1986), the indirect effect of
climate change education is significant (indirect effect = 0.025), as
shown in Fig. 4. The result means that climate change education has an
impact on environmental communication by the mediation of carbon
neutrality knowledge, which validated hypothesis 4. That is, the more
carbon neutral education children receive, the more their carbon neutral
knowledge will increase and thus they will be more likely to actively
engage in environmental communication.

4.5. Repeated validation of qualitative data by interviews

To validate the credibility of our quantitative findings, we conducted
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follow-up interviews to assess the impact of children-led climate change
communication on children's climate change concerns and conservation
behaviors, whether climate change education could enhance children's
knowledge of carbon neutrality and their ability to engage in children-
led environmental communication, and whether children-led climate
change communication could stimulate parents' concerns about climate
change and their adoption of conservation behaviors. A total of eight
children participated in face-to-face interviews, all of whom confirmed
their involvement in climate change education activities related to
carbon neutrality. Specifically,’ five of them mentioned their partici-
pation in a low-carbon-themed handwriting activity, while three re-
ported attending science talks focused on low-carbon topics.
Furthermore, one child participated in a used goods donation activity.
Importantly, all participants expressed that engaging in climate change
education activities increased their understanding and knowledge of
carbon neutrality. Notably, one child also stated that their interest in
climate change had grown as a result of these activities.

Significantly, all participants indicated that they actively shared in-
formation about these activities with their parents and engaged in dis-
cussions on low-carbon topics such as carbon emissions, global
warming, sewage, and air pollution. One child mentioned that their
parents showed willingness to listen to their thoughts on these matters.
They also suggested that these extensive discussions have raised their
worries about climate change and prompted them to become more

1 Some of the children in our study participated in more than one type of
climate change education activity.
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Table 4
The effect of children-led environmental communication
change worry.

on parents' climate

Predictive variables Model 3
Standardized SE t
i

Parent sex 0.041 1.519  0.840
Parent age —0.018 0.165 —0.356
Income a —0.229 0.014 —3.105%*
Income b —0.034 0.216  —0.475
Income c —0.111 0.264 -1.711
Income d —0.116 0.338 —1.527
Education a —0.004 0.235  —0.065
Education b —0.002 0.393  —0.022
Education ¢ —0.092 0.210 —1.237
Children sex 0.093 0.281  1.947
Children age —0.027 0.134  —-0.510
School a 0.089 0.104 0.973
School b 0.147 0.280 1.551
Children conservation behavior T1 0.131 0.274  2.453*
Children-led environmental 0.340 0.037 2.579**

communication T1
Parental literacy of carbon neutrality T2 0.118 0.054 1.346
Children-led environmental —0.321 0.379 —2.103*

communication T1 x Parental literacy of

carbon neutrality T2
R? 0.100
F 2.628%**

Note: Outcome variable: parents' climate change worry T2. Parent sex: 0 = fe-
male, 1 = male. Income a: 0 = no, 1 = under 3000 RMB/Month. Income b: 0 =
no, 1 = 3000-5999 RMB/Month. Income c: 0 = no, 1 = 6000-9999 RMB/Month.
Income d: 0 = no, 1 = 10,000-29,999 RMB/Month. Education a: 0 = no, 1 =
junior high school and below. Education b: 0 = no, high school / junior college.
Education c¢: 0 = no, 1 = bachelor's degree/college. Children sex: 0 = female, 1
= male. School a: 0 = no, 1 = yes. School b: 0 = no, 1 = yes. Parental literacy of
carbon neutrality T2: 0 = without, 1 = with.

" p <0.05.

" p<0.01.

™ p < 0.001

Table 5
The indirect effect of parents' climate change worry for parents with different
literacy of carbon neutrality.

Parental The indirect SE lower limit upper limit

literacy of effect of parental confidence confidence

carbon climate change interval interval

neutrality worry

Without 0.043 0.021 0.005 0.088
literacy

With literacy 0.006 0.008  —0.009 0.021

involved in conservation behaviors. Moreover, all participants believed
that these discussions also influenced their parents' perceptions and
behaviors concerning climate change. Half of them (4 out of 8) reported

Parental literacy

of carbon
neutrality T2

Children-led
environmental

communication
T1

Interaction effect =
-0.321, p<0.05

Parental climate

change worry T2
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observing an increase in their parents' adoption of green travel practices
or purchase of low-carbon food items in their daily lives following the
discussions. Regarding resource and energy conservation behaviors, all
participants noticed improvements in their parents' habits. For instance,
the majority (5 out of 8) mentioned that their parents now practice
multipurpose water usage, turn off lights when not needed, or regulate
air conditioning temperature promptly.

For the parents, a structured questionnaire was employed to inves-
tigate their attitudes and behaviors. All parents confirmed their chil-
dren's participation in and communication about these climate change
education activities. Crucially, they reported that their children initiated
discussions on carbon neutrality-related topics with them. The majority
(5 out of 6) of parents expressed that these discussions influenced their
own worries about climate change. Furthermore, all parents reported
that their children influenced their resource and energy conservation
behaviors, such as water and electricity conservation.

In summary, the results of qualitative data indicate that children-led
environmental communication has the potential to influence children's
climate change worry and conservation behaviors. It is facilitated by
climate change education, which enhances their knowledge of carbon
neutrality. Furthermore, it also has the ability to impact parents' climate
change worry and their adoption of conservation behaviors.

5. Discussions

The present study, based on matched household-level data, explored
in detail how children-led environmental communication influences
their own conservation behavior and spillovers to their parents' con-
servation behavior, and how children-led environmental communica-
tion is influenced by climate change education.

First, we found that children-led environmental communication was
effective in elevating their own climate change worry, and therefore
increasing their conservation behavior. Our results, consistent with
previous research, indicate interpersonal communication is an effective
factor for behavior and attitude change (Ballantyne, 2016). Importantly,
these findings highlight the importance of children's initiative in
communication. For example, people who believed that climate change
is occurring do not necessarily worry about climate change (Van der
Linden, 2017). However, we found children-led environmental
communication is able to boost internal perceptions of climate change
(e.g., climate change worry). We speculate that intrinsic motivation,
characterized by curiosity and interest, is central to environmental
communication, which explains the effect of children-led environmental
communication. Children who take the initiative to engage in environ-
mental communication may be more willing to deeply process infor-
mation, which reinforces their understanding of climate change (e.g.,
climate change worry).

Second, we found children-led environmental communication pre-
dicted parents' conservation behavior across time, suggesting a robust
and positive spillover effect of children-led environmental communi-
cation. This finding proves a bidirectional socialization between

Parental
conservation
behavior T2

p <0.001

Fig. 3. The interaction effect of children-led environmental communication and parents' literacy of carbon neutrality on parental conservation behavior.
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Table 6

The effect of climate change education on knowledge.
Predictive variable Model 4 Model 5

Standardized p SE t Standardized p SE t

Sex —0.055 0.197 —1.165 —0.059 0.193
Age 0.084 0.154 1.611 0.083 0.151
School a —0.104 0.413 —1.145 —0.081 0.405
School b —0.038 0.400 —-0.413 —0.030 0.392
Proactive information acquisition 0.204 0.029 4.2927%* 0.168 0.029
Climate change education 0.202 0.076
R? 0.065 0.091
F 5.800""* 8.0897**

Note: Outcome variable: carbon neutrality knowledge.

p < 0.001.

Indirect effect = 0.025

Climate change

education

Carbon neutrality
knowledge

Children-led
environmental
communication

Fig. 4. The indirect effect of climate change education on children-led environmental communication.

children and parents (Grusec and Davidov, 2010), which is quite reli-
able. On the one hand, we demonstrate the intertemporal effect of
children-led environmental communication on parents considering that
communication does not work immediately. On the other hand, we
came to a net spillover effect of children-led environmental communi-
cation, after controlling the influence of children's conservation
behavior T1. In addition, we also found that parents' characteristics (i.e.,
understanding of carbon neutrality) was a key moderating variable. Our
results showed that children-led environmental communication only has
a positive indirect effect on the conservation behavior of parents without
literacy of carbon neutrality. Specifically, for parents without literacy of
carbon neutrality, they significantly increased their level of climate
change worry and increased their conservation behavior after being
influenced by children-led environmental communication. Conversely,
for parents with literacy of carbon neutrality, they already had high
levels of climate change worry. For example, at T2, there was no sig-
nificant difference in parents' climate change worry (M aware = 8.60, SD
= 1.39; M ynaware = 8.78, SD = 1.49) between parents with literacy of
carbon neutrality and those without literacy of carbon neutrality, p >
0.05. Thus, the spillover effect of children-led environmental commu-
nication has reached a ceiling and cannot further increase the level of
climate change worry for parents with literacy of carbon neutrality.
Thirdly, we found that children-led environmental communication is
positively influenced by climate change education. Specifically, climate
change education increases children's carbon neutrality knowledge,
even after controlling for the possibility that children obtain carbon
neutrality information from sources other than school education. As
children's carbon neutrality knowledge increased, children were more
likely to engage in environmental communication. These findings are
consistent with previous studies (Geiger et al., 2017a; Geiger et al.,
2019). When children have some knowledge of climate change, they
perceive themselves as capable of communicating with others. Accord-
ing to self-determination theory (Ryan and Deci, 2017), education
supports the development of their knowledge and competence, which
will enhance their intrinsic motivation to engage in communication.
Lastly, the qualitative data support and provide compelling evidence
for these findings. The children reported their participation in various
climate change educational activities, all of which were effective in
increasing their knowledge of carbon neutrality. The fact that one child
expressed a heightened interest in climate change indicates a positive
impact of the educational activities on children's knowledge acquisition.
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Moreover, these educational activities sparked extensive discussions
among the children and their parents, covering not only global warming
caused by carbon emissions but also other environmental issues like
water pollution and air pollution. This suggests that targeted educa-
tional activities can generate broader discussions encompassing
different environmental concerns. Importantly, consistent with our
quantitative analysis, these discussions triggered children's worries
about climate change and motivated them to adopt conservation be-
haviors, underscoring the pivotal role of children-led environmental
communication. Additionally, the children believed that their discus-
sions would influence their parents, and indeed, they observed behav-
ioral changes in their parents. Likewise, the parents acknowledged being
influenced by their children and expressed worries about climate
change. These findings align with previous interviews (Spiteri, 2020;
Deng et al., 2022) indicating that parents listen to their children's advice
and modify their behaviors accordingly.

5.1. Theoretical implications

The current study contributes to current theories threefold. First, we
proposed the new concept of children-led environmental communica-
tion and discussed how it can be a promising communication strategy to
encourage collective action. Previous research only focused on adult's
communication and therefore neglected a unique perspective focusing
on the role of children and their initiative in climate change commu-
nication. On the one hand, initiative as an intrinsic motivation con-
tributes to children's deeper understandings of climate change and their
behavior. On the other hand, according to the theory of bidirectional
parent-child relationship, children's proactive communication with
parents is able to have an effective reverse intergenerational effect on
parents. Therefore, current work further enriches the field of climate
change communication.

Second, the present study reveals pathways through which children-
led environmental communication influences their own conservation
behavior. Specifically, climate change worry is a key mediator of the
effect of children-led environmental communication on conservation
behavior. Also, the current work provides new directions for the
development of climate change communication theory from the
perspective of spillover effect. In the field of climate change communi-
cation, research on the spillover effect is still very limited, as there are
many challenges associated with conducting research with children and



J. Tian et al.

in family units (Lawson et al., 2018). For example, collecting data from
paired groups of children and their parents requires huge efforts. The
present study, based on matched household-level data, found that
children-led environmental communication predicted parents' climate
change worry and conservation behaviors. These findings provide pre-
liminary evidence for the development of climate change communica-
tion theory.

Third, the current work reveals that education is an effective factor in
promoting children's proactive participation in environmental commu-
nication, and identifies knowledge as a key mediating variable. Our
study contributes to the development of climate change education the-
ory and communication theory. First, research on interpersonal
communication is just emerging. Most researchers focused on adult
populations (e.g., Geiger et al., 2017b). Furthermore, to our knowledge,
there is no study examining the role of climate change education on
children-led environmental communication. Additionally, most climate
change education research has focused on how to promote children's
climate change perceptions and actions to mitigate climate change, but
limited research has focused on the effects of climate change education
on environmental communication. In the present study, we found for the
first time that climate change education can indirectly influence
children-led environmental communication through increasing knowl-
edge. These findings demonstrate the significance of climate change
education across countries and groups, and provide strong evidence for
the expansion of education theory and communication theory.

5.2. Practical implications

On the one hand, our study has some implications for climate change
communication. First, our studies provide a new sight and evidence
highlighting the role of children-led environmental communication.
Science communicators need to focus on how children-led environ-
mental communication foster their climate action, considering that
children are free from worldviews and political leanings and that they
will become policymakers and decision makers in the future. Second,
science communicators can change the traditional view (i.e., science
communicators are concerned with how to directly intervene with
adults in climate change communication). Our findings showed that
children-led environmental communication has robust and positive
spillover effects on parents change their inherent climate change atti-
tudes and behaviors. These learnings from intergenerational sources
provide a new perspective for promoting adult engagement in climate
action. Consistent with other researchers (Lawson et al., 2018), children
as subjects of communication are more conducive to changes in adults'
attitudes and behaviors. Therefore, when other communication strate-
gies are ineffective, science communicators may consider choosing
children-led communication strategies to promote adult engagement in
climate change mitigation. Third, our findings provide an actionable
way (i.e., school education) to promote environmental communication
among children. Science communicators can use climate change edu-
cation as one of the important tools to promote science communication.
In addition, science communicators can also take full use of the divi-
dends of the information era to promote climate change communication
among children. For example, we found that knowledge, as the indi-
vidual factor, promotes children's participation in climate change
communication, and the source of knowledge is also likely to be from
various online media. Therefore, science communicators can develop
popular science videos for children through Internet media, which can
help children acquire knowledge and help them participate in climate
change communication.

On the other hand, our study has some implications for climate
change education in schools. First, our findings demonstrate the rele-
vance of climate change education. Climate change education is effec-
tive in helping children to recognize and learn about carbon neutrality,
which meets the goals of educators. In addition, climate change edu-
cation can indirectly increase children-led environmental
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communication through knowledge, which further extends the role of
education. Therefore, we encourage educators to incorporate climate
change and carbon neutrality into the curriculum guidelines for subject
education. Further, climate change education in this study covers
educational activities such as science lectures and exhibitions, and ed-
ucators can therefore consider diversifying the content of school edu-
cation. Educators can enrich students' knowledge and develop their
skills through a variety of teaching formats. Second, our study also found
that climate change education also influences parents, and that this in-
fluence is due to the communication of information from children.
Children act as a bridge between school and household, facilitating the
linking of school and household to address climate change together,
which is an important way to achieve collective climate action. There-
fore, educators can focus on climate change education based on inter-
generational learning, which can help make the role of education more
widely promoted. For example, educators can guide and nurture chil-
dren's habits of discussion with their parents.

5.3. Limitations

It is crucial to acknowledge the limitations of the present study.
Firstly, while we highlight that children-led environmental communi-
cation improves household-level conservation behaviors and is influ-
enced by climate change education, our focus is primarily based on the
self-determination theory and the spiral of silence theory. However, it is
important to note that there are other theories that may also new per-
spectives on our findings but were not extensively discussed in our
study. For instance, the self-regulation theory emphasizes the role of
self-efficacy and learning goals in self-regulated learning (Zimmerman
etal., 1989), which means children could take the initiative to engage in
environmental communication to enhance their understanding of
climate change. Similarly, the knowledge, attitudes, and behaviors
(KAB) model may also explain the willingness to proactively commu-
nicate climate change with parents, particularly after knowledge
improvement, by highlighting the significance of knowledge in driving
actions (Paco and Lavrador, 2017; Salazar et al., 2022). Exploring these
additional theories in future research could contribute to a more
comprehensive understanding of the underlying cognitive, affective,
and behavioral processes behind children-led environmental commu-
nication and its impact on conservation behaviors. Secondly, the results
of this study are based on panel data across only nine months, which
restricts our ability to determine the long-term stability of the influence
of children-led environmental communication on both their own and
their parents' conservation behaviors. Therefore, the long-term effect of
children-led environmental communication lacks being further exam-
ined in our research. Thirdly, although we conducted face-to-face in-
terviews with children to qualitatively assess our hypotheses, there was
a lack of manipulation of children-led environmental communication
such that the causality may remain weak. Fourthly, while this study
highlights the robust spillover effect of children-led environmental
communication on parents' climate change worry and conservation be-
haviors over time, achieving carbon neutrality necessitates broader
community participation in mitigating climate change. Given that
communication can have spillover effects on people within various
groups, such as classmates and colleagues, it is essential to explore these
spillover effects among different groups, which have been understudied
in the current work. Lastly, this study first identified a positive effect of
climate change education on children's participation in environmental
communication. However, climate change education alone does not
fully account for changes in children-led environmental communication.
Other factors, such as the use of digital social media (DSM) tools (Parry
et al.,, 2022) and rewards (Ji et al., 2023), may also motivate their
engagement in conversations and discussions on the topic and need to be
further explored. Despite controlling for the influence of other sources
on children-led environmental communication, our work acknowledges
the need for further comprehensive studies aimed at the improvement of
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children-led environmental communication through other potential
sources.

6. Conclusions

This study proposes a new concept—children-led environmental
communication, and demonstrates its influence on household (including
children and their parents) conservation behavior with a mediation of
climate change worry. Meanwhile, we also find climate change educa-
tion can boost children-led environmental communication through
improving children's climate mitigation knowledge. Overall, children-
led environmental communication was found to be viable for boosting
household-level conservation behavior. Therefore, we suggest that
communicators are encouraged to consider children-led environmental
communication as a new strategy to promote climate collective action.
In addition, we also suggest that educators are recommended to incor-
porate climate change education into the education system, which in
turn can facilitate children-led environmental communication. Howev-
er, there are still some limitations that deserve to be explored in future
research. These include the absence of examining the support of other
theories such as self-regulation theory and KAB model for our findings,
the robustness of results over a longer time period, the potential spill-
over effects among other groups such as classmates, colleagues, and
neighbors, and other factors that may drive children-led environmental
communication. To address these limitations, future research is sug-
gested to (1) use other theories such as the self-regulation theory and
KAB model to explore the cognitive, affective, and behavioral processes
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behind children-led environmental communication, (2) employ panel
data with a longer time span to explore whether the relationship be-
tween education and household behavior remains robust, (3) conduct
experimental manipulations of children-led environmental communi-
cation to determine causality, (4) adopt an interdisciplinary manner to
explore how to promote coordination and cooperation among class-
mates, colleagues, or neighbors regarding climate change issues and the
spillover effects of climate change communication, and (5) investigate
additional ways such as DSM tools and rewards that foster children-led
environmental communication.
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Appendix A
Table Al
Questions for interviews with children.
Questions
1.Have you ever participated in carbon-neutral education activities organized by your school, such as producing
handwritten newspapers, science exhibitions, science lectures, donating used items, etc., focusing on topics like climate
change, energy conservation, emission reduction, and low-carbon environmental protection?
2.1f you have participated, do you believe that engaging in these carbon-neutral education activities has enhanced your
understanding of carbon neutrality?
3.Have you informed your parents about these carbon-neutral education activities?
4.1f you took part in these carbon-neutral education activities, did you actively engage in discussions with your parents
about topics related to carbon neutrality, such as climate change, energy conservation, and low-carbon environmental
protection?
5.If you have actively discussed carbon-neutral related topics with your parents, do you think these discussions have
influenced your own worries about climate change?
6.How can these discussions influence your own behaviors regarding energy and resource conservation, such as saving
water and electricity?
7.1f you have actively discussed carbon-neutral related topics with your parents, do you believe these discussions could
influence their perspectives and behaviors concerning climate change?
8.Do you think you have the ability to influence your parents' behaviors in conserving resources and energy, for example,
through promoting water and electricity conservation?
Note: These questions were adapted from the study by Deng et al. (2022).
Table A2

Questionnaire for parents.

Questions

Response (Number)

1.Have your children ever participated in carbon-neutral education activities organized by your school, such as producing handwritten newspapers,
science exhibitions, science lectures, donating used items, etc., focusing on topics like climate change, energy conservation, emission reduction, and

low-carbon environmental protection?
2.Have your children informed you about these carbon-neutral education activities?

3.Have your children actively engaged in discussions with you about topics related to carbon neutrality, such as climate change, energy conservation,

and low-carbon environmental protection?

4.Have your children's discussions about carbon neutrality raised your worries about climate change?

5.Have your children influenced your behavior in terms of conserving resources and energy, such as saving water and electricity?

Yes (6), No (0), I do not
know (0)

Yes (6), No (0), I do not
know (0)
Yes (6), No (0), I do not
know (0)
Yes (5), No (1), I do not
know (0)
Yes (6), No (0), I do not
know (0)
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