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Abstract

Connection to nature is positively associated with happiness among adults. However,
whether and how connection to nature is associated with children’s happiness remains
unknown. The current study aims to examine the association between connection to nature
and children’s happiness and the moderating effect of temperament (negative affectivity
and effortful control) on this association. Four hundred fifty-eight children aged 7—-12 years
and one of their parents participated in this study. Our study found that connection to
nature is positively associated with both children’s self- and parent-reported happiness.
Children’s negative affectivity moderates the association between connection to nature and
self-reported happiness, and the moderating effect differs by gender. Specifically, the nega-
tive affectivity of girls strengthens the association between connection to nature and hap-
piness. These findings highlight the positive impact of connection to nature on children’s
happiness and the importance of considering children’s negative affectivity and gender
when exploring the association between connection to nature and positive development.

Keywords Happiness - Connection to nature - Negative affectivity - Children

1 Introduction

Most parents desire their children to have continuous happiness, according to a study con-
ducted across 48 countries (Diener & Lucas, 2004). Why do parents want their children to
be happy? Happiness increases the likelihood of human survival and procreation, and chil-
dren’s happiness could guarantee the continuation of a family (Grinde, 2004). Additionally,
happy children are more likely to exhibit psychosocial adjustment (Davis & Suveg, 2013),
academic achievement (Coffey, 2018) and good social relationships (Shin et al., 2011).
Given the importance of happiness to racial and individual development, it is crucial to
understand which factors are related to children’s happiness. Research has found that exter-
nal factors such as money (Berk, 2018), peer relationships (Alcantara et al., 2017; Baiocco
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et al., 2018; Demir & Weitekamp, 2007) and physical appearance (Holder & Coleman,
2008) are significantly associated with happiness. Compared to these external factors, how-
ever, internal factors have stronger associations with happiness (Hayes & Joseph, 2003).
Among these internal factors, connection to nature and temperament have received increas-
ing attention. Connection to nature has been found to be positively associated with adults’
happiness (Zelenski & Nisbet, 2014). Temperament, including attentional control (Orkibi
& Ronen, 2017) and neuroticism (Holder & Coleman, 2008; Holder & Klassen, 2010), has
positive and negative associations, respectively, with children’s happiness. Unfortunately, it
is unclear whether connection to nature is associated with children’s happiness or how con-
nection to nature and temperament are associated with children’s happiness.

1.1 Children’s Happiness

Despite the enduring interest in happiness, there is no consensus on the definition of this
concept. Some researchers have defined happiness as individuals’ cognitive and affective
evaluations of their lives, and the term has frequently been used interchangeably with sub-
jective well-being (Diener, 2000; Feng, 2018; Veenhoven, 2010). From this perspective,
happiness consists of high levels of life satisfaction and positive affect and low levels of
negative affect (Diener, 2000; Veenhoven, 2010). These researchers used the Satisfaction
with Life Scale (Diener, 1994) and the Positive and Negative Affect Schedule (Watson
et al., 1988) to assess happiness. Others have argued that happiness is a general positive
emotion and includes high levels of positive affect and low levels of negative affect but
not high levels of life satisfaction (Deci & Ryan, 2008; Diener, 2006). Specific measures
include the Positive and Negative Affect Schedule (Watson et al., 1988), the Subjective
Happiness Scale (Lyubomirsky & Lepper, 1999), and the Faces Scale (Holder & Coleman,
2008). Notably, the conceptualization of happiness varies across cultures (Delle Fave et al.,
2011). Nevertheless, positive affect is the most frequently mentioned component of happi-
ness among all cultures (Lépez-Pérez et al., 2016; Lu & Gilmour, 2004; Pflug, 2009). In
recent years, a growing number of researchers who have devoted attention to happiness,
particularly children’s happiness, have also agreed that happiness involves high levels of
positive affect and low levels of negative affect (Holder & Coleman, 2008; Holder & Klas-
sen, 2010; Holder et al., 2012). They have typically used the Face Scale to assess children’s
happiness due to its simplicity, straightforwardness, and validity (Holder & Coleman,
2008; Holder & Klassen, 2010; Holder et al., 2012).

Happiness plays a critical role in various aspects of children’s positive development.
In cross-sectional studies based on child samples, compared with those with lower levels
of happiness, children with higher levels of happiness tend to show better physical health
(Lyubomirsky et al., 2005; Mahon et al., 2005) and less physical aggression (Orkibi &
Ronen, 2019), and they are more likely to be accepted by their peers (Holder, 2012; Shin
et al., 2011). In recent longitudinal research, children’s happiness significantly and posi-
tively predicted academic achievement (Coffey, 2020; Lopez-Pérez & Fernandez-Castilla,
2018) and online prosocial behaviors (Erreygers et al., 2019). Given the significance of
children’s happiness to positive development, previous research has paid more attention
to identifying external (Alcantara et al., 2017; Baiocco et al., 2018) and internal factors
(Xiang et al., 2019) related to happiness. Internal factors have stronger associations with
happiness compared to external factors (Hayes & Joseph, 2003) and their associations
with happiness have been increasingly focused. Therefore, the current study explores the
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associations between internal factors, including connection to nature and temperament,
and children’s happiness.

1.2 Association Between Connection to Nature and Children’s Happiness

Connection to nature has been defined as an “individual’s affective and experiential rela-
tionship to nature” (Mayer & Frantz, 2004). The importance of humans’ connection to
nature has long been emphasized in both Eastern and Western societies. In Chinese society,
the ancient philosopher Zhuangzi advocated “tian ren he yi”. Tian and ren refer gener-
ally to nature and humanity, respectively. Tian ren he yi suggests that nature and humanity
compose an organic whole and that humans are inseparable from nature. Similarly, West-
ern ecopsychologist Wilson (1984) offered the biophilia hypothesis, arguing that human
beings have an innate need to connect to nature and that satisfying this need through expo-
sure to nature may aid positive development. Some empirical evidence supports Wilson’s
view and demonstrates that connection to nature is positively associated with adults’ hap-
piness and well-being (Capaldi et al., 2014; Cleary et al., 2017; Howell et al., 2013; Nis-
bet et al., 2011; Pritchard et al., 2020; Zelenski & Nisbet, 2014). For example, in a recent
meta-analysis, Capaldi et al. (2014) found that adults who were more connected to nature
had higher levels of happiness. Additionally, Nisbet et al. (2011) found that higher levels
of connection to nature were associated with higher levels of well-being among adults. Of
course, a lack of connection to nature is harmful to physical and mental health. One study
found that adults with lower levels of connection to nature were more likely to experience
physical and mental illness (Windhorst & Williams, 2015).

In modern societies, humans are gradually moving away from nature, and their connec-
tion to nature is being undermined (Aaron & Witt, 2011). This phenomenon is especially
obvious in children. Due to parental restrictions and academic pressures, today’s children
spend less time in nature and have less connection to nature, which leads to the nature
deficit disorder (Louv, 2005). Nature deficit disorder represents the detrimental effects on
children’s physical and mental health resulting from a separation from or a weaker con-
nection to nature. Specifically, children with a weaker connection to nature experience
obesity and depression (Louv, 2008) and show less engagement in conservation behaviors
(Hughes et al., 2018). In contrast, children with a stronger connection to nature exhibit bet-
ter self-regulation (Bakir-Demir et al., 2019), mental health (Piccininni et al., 2018), well-
being (Laurens et al., 2017), and pro-environmental behaviors (Krettenauer et al., 2020).
Although the abovementioned research has examined the associations between connection
to nature and many developmental outcomes in children, the association between connec-
tion to nature and children’s happiness is still unclear. Exploring the association between
connection to nature and children’s happiness can expand on previous research regarding
the factors related to children’s happiness.

1.3 Children’s Negative Affectivity and Effortful Control as Moderators

Although previous research has found an association between connection to nature
and happiness, it is important to recognize that not all individuals are influenced to the
same extent by their connection to nature. Indeed, connection to nature explains only a
small-to-moderate proportion of the variance in happiness (Capaldi et al., 2014; Howell
et al., 2011). This suggests that there are moderators of the association between connec-
tion to nature and happiness. To our knowledge, few empirical studies have examined the
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moderating mechanisms of this association. In the limited research, sociocultural context
has been identified as a moderator of the association between connection to nature and
well-being (Cleary et al., 2017). However, almost no study has examined whether internal
factors moderate the association between connection to nature and children’s happiness.
Temperament is an individual trait that differentiates one child from another and is defined
as the physiological basis for individual differences in reactivity and self-regulation. Nega-
tive affectivity and effortful control are the central components of temperament (Rothbart
& Bates, 2006; Rothbart et al., 2001). Specifically, negative affectivity, similar to neuroti-
cism, is the tendency to react to stressors with a high degree of emotionality, including sad-
ness, fear, anger, or discomfort. Effortful control is determined by the efficiency of execu-
tive attention, including inhibitory control, attentional control, and perceptual sensitivity
(Rothbart & Bates, 2006).

Despite the lack of direct evidence that temperament moderates the association between
connection to nature and children’s happiness, recent research has found differential levels
of both happiness and connection to nature in children with different levels of tempera-
ment. Studies using samples of children aged 9-12 years found that children with higher
levels of negative affectivity, such as neuroticism and sadness, had lower levels of hap-
piness (Holder & Coleman, 2008; Holder & Klassen, 2010). A study of children aged
10-12 years found that those who had higher levels of effortful control, such as inhibi-
tory and attentional control, experienced higher levels of well-being than those with lower
effortful control (Orkibi & Ronen, 2017). Additionally, children with higher negative affec-
tivity are more emotionally dependent on external environments compared to those with
lower negative affectivity (Myerberg et al., 2019), which may lead to increased feelings of
an emotional connection to external environments including the natural environment (Lief-
lander et al., 2013). Perceptual sensitivity is core component of effortful control, and chil-
dren with higher levels of perceptual sensitivity have higher levels of connection to nature
than those with lower levels of perceptual sensitivity (Bakir-Demir et al., 2019). There-
fore, we speculate that the association between connection to nature and happiness differs
by children’s negative affectivity and effortful control. Negative affectivity and effortful
control may strengthen and weaken, respectively, this association. We believe that a clear
understanding of the potential moderating mechanism underlying the association between
connection to nature and happiness could provide empirical evidence regarding whether
intervention efforts to improve children’s connection to nature to promote happiness should
consider their temperament.

1.4 Gender and Age Differences

Previous research has examined the gender differences in children’s connection to nature,
temperament, and happiness. Findings have demonstrated that compared to boys, girls have
higher levels of connection to nature (Laurens et al., 2017), neuroticism and effortful con-
trol (Lengua & Kovacs, 2005; Xu et al., 2009). However, the findings regarding the gender
difference in children’s happiness are conflicting. Some researchers, such as Holder and
Coleman (2008), have found that girls are happier than boys. Others found no gender dif-
ference in children’s happiness (Holder et al., 2012; Nguyen & Gordon, 2019). Age dif-
ferences in children’s connection to nature, temperament, and happiness have also been
examined. Compared to younger children, older children are more emotionally autonomous
within relationships to external environments including natural environments; therefore,
they feel higher degrees of separation from and a lower connection to nature (Lieflander
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et al., 2013). However, age differences in temperament (Lengua & Kovacs, 2005) and hap-
piness (Nguyen & Gordon, 2019) have not been found. To our knowledge, no studies have
examined whether the moderating mechanism underlying the association between the con-
nection to nature and children’s happiness differs by gender or age. It is of great importance
to identify the gender and age differences in this association mechanism to help explore
happiness-promotion strategies tailored by gender and age.

1.5 The Present Study

The present study, using a sample of 458 Chinese children and one of their parents, exam-
ined whether connection to nature was associated with children’s happiness, whether
children’s negative affectivity and effortful control moderated the association between
connection to nature and happiness, and whether the moderating mechanism differed by
the children’s gender or age. We used the variable of school grade as a proxy for age. We
hypothesized that (1) children’s connection to nature is positively associated with their hap-
piness and (2) children’s negative affectivity and effortful control strengthen and weaken,
respectively, the association between connection to nature and happiness. However, given
that evidence on gender and school grade differences in the moderating mechanism is
scarce, we did not propose hypotheses on this topic.

2 Method
2.1 Participants

Five hundred thirty-five children aged 7—12 years and one of their parents (52.62% were
mothers) from one primary school in the city of Jinan, which is an urban environment,
were approached. Seventy-seven chose not to participate. Therefore, 458 children and
parents were included in the current study. The mean age of the children was 9.36 years
(SD=0.98), and 51.30% of them were boys. Regarding the place of residence, 64.41% of
the children were from the urban area, and 35.59% were from the surrounding suburban
area. Regarding parental education level, 5.46% of the parents had completed primary
school or less, 32.75% had a secondary school education, 35.15% had a high school edu-
cation, 26.42% had completed college, and 0.22% had a postgraduate degree. Regarding
employment, 36.46% of the parents were unemployed, 51.31% were working class (e.g.,
factory worker), and 12.23% had a professional or semiprofessional position (e.g., doctor).

2.2 Measures

The Faces Scale and the Connection to Nature Index (CNI) were developed and are widely
used in Western societies to assess children’s happiness and connection to nature, respec-
tively. In the current study, they were translated into Chinese by our research team mem-
bers who are fluent in Chinese and English. These measures were then back-translated into
English to assess their compatibility with the original English versions. A small pilot study
(Ns=30) was performed to determine whether Chinese children and parents had difficulty
understanding the items. We found that most of the participants in the pilot study had no
difficulty understanding or completing the questionnaires.
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2.2.1 The Faces Scale

To provide a comprehensive understanding, children’s happiness was rated by both the
children and their parents using the Faces Scale (Andrews & Withey, 1976). This scale
is a single-item measure (“Overall, how do you usually feel?” or “How would you rate
your child’s overall happiness?”) and depicts seven simple drawings of faces. The chil-
dren and parents were asked to select the face that best represents their own/their chil-
dren’s feelings on a scale from very unhappy (1, represented by a deeply downturned
mouth) to very happy (7, represented by a very upturned mouth). Independent samples
t-tests indicated that there was no difference in the mothers’ and fathers’ reports of chil-
dren’s happiness. The Faces Scale has been used widely and has demonstrated adequate
reliability and validity (Holder & Coleman, 2008; Holder et al., 2012; Nguyen & Gor-
don, 2019).

2.2.2 Children’s Behavior Questionnaire

We used the very short form of the Children’s Behavior Questionnaire (CBQ; Putnam &
Rothbart, 2006) to assess the children’s negative affectivity and effortful control. The CBQ
consists of three subscales: negative affectivity, surgency/extraversion, and effortful con-
trol. This study primarily focused on the negative affectivity subscale (12 items; e.g., “gets
quite frustrated when prevented from doing something s/he wants to do””) and effortful con-
trol subscale (12 items; e.g., “sometimes becomes absorbed in a picture book and looks at
it for a long time”). Parents responded to each item on a 7-point scale from 1 (“extremely
untrue of your child”) to 7 (“extremely true of your child”). Parents could also select the
option of 0 (“not applicable”) if the behavior described was not observed in their children.
The subscale scores were calculated by summing the scores of the relevant items, with
higher scores indicating higher levels of negative affectivity or effortful control. The CBQ
has been used in China (Xu et al., 2009; Zhou et al., 2010). Cronbach’s alphas for the nega-
tive affectivity and effortful control subscales were 0.71 and 0.73, respectively.

2.2.3 The Connection to Nature Index

Cheng and Monroe (2012) developed the 16-item CNI to assess 8—10-year-old children’s
affective and experiential relationships with the natural environment. This scale has dem-
onstrated adequate reliability and validity. We modified the CNI in a Chinese sample using
an exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA). The par-
ticipants were randomly divided into two subgroups. The EFA was performed on one sub-
group, and the CFA was performed on the other. The EFA results showed that three fac-
tors with 16 items were extracted from the original scale. Given that items 10 and 14 had
substantial cross-loadings on factors 1 and 2 and factors 2 and 3, respectively, they were
deleted. Therefore, the scale included 14 items and three factors: personal enjoyment of
nature (6 items, e.g., “I like to hear different sounds in nature”), concern for living crea-
tures (3 items, e.g., “I feel sad when wild animals are hurt”), and human-nature interde-
pendence (5 items, e.g., “Humans are part of the natural world”). A CFA was then per-
formed to test the validity of a three-factor solution for the revised CNI. The results showed
that the factor loading of item 16 was 0.19. We thus dropped this item and tested the new
model. The model showed acceptable fit to the data (y*/df=1.71, Comparative Fit Index
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(CFI)=0.97, Root Mean Square Error of Approximation (RMSEA)=0.04, Standardized
Root Mean Square Residual (SRMR)=0.04).

Cronbach’s alpha coefficients were then calculated to evaluate the internal consistency
of the CNI. The values were 0.78 for personal enjoyment of nature, 0.62 for concern for
living creatures, and 0.49 for human-nature interdependence. We conducted child inter-
views (Ns=20) to better understand why Cronbach’s alpha for human-nature interdepend-
ence was low. In the interviews, we found that the children had little knowledge of human-
nature interdependence, and the content of the items for human-nature interdependence
was divorced from their past experiences. Thus, human-nature interdependence (including
items 7, 12, 13, and 15) was dropped.

Therefore, the revised Chinese version of the CNI consisted of two dimensions: per-
sonal enjoyment of nature and concern for living creatures. The children responded on
a 5-point scale from 1 (“strongly disagree”) to 5 (“strongly agree”). The scores for the
children’s connection to nature were calculated by summing the scores for all items, with
higher scores indicating higher levels of connection to nature.

2.2.4 Demographic Characteristics

The children reported their gender, age, school grade, and household possessions (e.g.,
a computer). Following Zhang et al. (2017), we used fourteen household possessions as
indicators of family socioeconomic status (SES). The responses for household possessions
were summed, and the family SES scores ranged from 0 to 14, with higher scores indicat-
ing higher family SES.

2.3 Procedure

The Institutional Review Board of Beijing Forestry University approved the study. We used
convenience sampling to recruit participants from one primary school in Jinan, an Eastern
Chinese city. We explained the study aims and procedure to class teachers prior to recruit-
ment. With their permission, invitation letters including study information and consent
forms were delivered to the children’s parents. After obtaining written informed consent
from the parents who agreed to participate, the children were asked to complete the self-
reported Chinese-language questionnaires during the normal school day. Trained members
of the research team supervised the questionnaire administration. Additionally, the children
took the parent questionnaires home and returned them to their teachers when their parents
had completed them. The teachers submitted these questionnaires to the study team.

2.4 Data Analysis

We conducted the EFA and CFA using SPSS 22.0 and MPLUS 7.0, respectively, to
examine and explore the structure of the CNI. The model fit was evaluated using the
;(Z/df ratio, the CFI (>0.90, acceptable;>0.95, good), the RMSEA (<0.08, accept-
able; <0.05, good), and the SRMR (<0.08, acceptable; <0.05, good) (Hu & Bentler,
1999). We assessed the internal consistency of the CNI and conducted preliminary and
moderation analyses using SPSS 22.0. In the preliminary analyses, we calculated the
descriptive statistics and the correlations among the main study variables. In the moder-
ation analyses, we used regression analyses to examine the direct associations between
connection to nature and children’s happiness and then used the PROCESS macro in
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SPSS (Hayes, 2014) with the bias-corrected bootstrapped method to examine the mod-
erating effects of negative affectivity, effortful control, and gender. Prior to conduct-
ing the moderation analyses, we used the expectation—maximization algorithm to handle
missing data (the percentage of missing data for the study variables ranged from 0.66 to
2.83%) and then standardized all the variables. The children’s gender was coded with O
for male and 1 for female.

3 Results
3.1 Preliminary Analyses

Table 1 shows the means, standard deviations, and bivariate correlations among all the
study variables. We conducted a paired samples #-test to examine whether there was a
discrepancy between the children’s self- and parent-reported happiness. The children’s
self-reported happiness was higher than the parent-reported happiness (¢ (450)=3.21,
p<0.001). We conducted Multivariate Analyses of Variance (MANOVAs) with the
children’s gender and school grade as independent variables and the children’s happi-
ness as the dependent variable. There were significant main effects of gender for the
children’s self-reported and parent-reported happiness (F (1, 450)=5.11, p <0.05, par-
tial 7 =0.01; F (1, 450)=8.59, p <0.01, partial #?=0.02), with girls scoring higher on
happiness than boys. Neither the main effect of school grade nor the gender X school
grade interaction effect for either child- or parent-reported happiness was significant.
Therefore, we did not analyze school grade as a moderating mechanism.

The correlations showed that the children’s self- and parent-reported happiness were
both significantly and positively correlated with connection to nature and effortful con-
trol, but were significantly and negatively correlated with negative affectivity. Connec-
tion to nature was significantly and positively correlated with effortful control, but it
was not correlated with negative affectivity. Family SES was significantly correlated
with both the children’s self- and parent-reported happiness and was used as a control
variable in later analyses.

Table 1 Means, standard deviations, and correlation coefficients of the study variables

1 2 3 4 5 6
1 Happiness-C -
2 Happiness-P 0.31%%* -
3CN 0.427%%* 0.12%* -
4 NA — 0.17%%* —0.21%* -0.07 -
SEC 0.13%* 0.14%%* 0.26%** 0.20%** -
6 SES 0.09* 0.13%* 0.16%* —0.12* 0.01 -
Mean 5.98 5.76 37.86 49.43 58.37 -
SD 1.34 1.25 597 10.38 10.21 -

Happiness-C, children’s self-report of their own happiness; Happiness-P, parents’ report of children’s hap-
piness; CN, connection to nature; NA, negative affectivity; SU, surgency/extraversion; EC, effortful control

##5p < 0.001; #%p <0.01; *p <0.05
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3.2 Moderation Analyses

First, we conducted a regression analysis controlling for the children’s gender and family
SES to examine the direct associations between connection to nature and the children’s
self- and parent-reported happiness in the absence of negative affectivity and effortful con-
trol. The direct association between connection to nature and the children’s self-reported
happiness was significant and positive (B=0.43, SE=0.04, p<0.001). However, there
was no direct association between connection to nature and parent-reported happiness
(B=0.09, SE=0.05, p>0.05).

Then, we applied Model 3 in the PROCESS macro to examine gender differences in the
moderating effects of negative affectivity and effortful control on the association between
connection to nature and happiness. Moderation analyses were conducted separately for
negative affectivity and effortful control and for the children’s self- and parent-reported
happiness, resulting in four moderation models. Tables 2 and 3 summarize the results of
the moderation analyses.

Regarding the gender difference in the moderating effect of negative affectivity on the
association between connection to nature and the children’s self-reported happiness, as
shown in Table 2, connection to nature was significantly and positively associated with the
children’s self-reported happiness (B=0.41, SE=0.13, p<0.01, 95% CI: [0.152, 0.664]).
The effect of the two-way interaction between negative affectivity and connection to nature
on the children’s self-reported happiness was significant (B=— 0.32, SE=0.13, p<0.05,
95% CIL: [— 0.578, — 0.065]), and the effect of three-way interaction among negative
affectivity, connection to nature and gender was significant as well (B=0.25, SE=0.10,
p<0.01,95% CI: [0.059, 0.434]), indicating that there were gender differences in the mod-
erating effect of negative affectivity on the association between connection to nature and
the children’s self-reported happiness.

Regarding gender difference in the moderating effect of negative affectivity on the asso-
ciation between connection to nature and parent-reported happiness, as shown in Table 2,
connection to nature was significantly and positively associated with parent-reported happi-
ness (B=0.28, SE=0.14, p <0.05, 95% CI: [0.005, 0.554]). Neither the two-way interaction

Table2 Regression analyses testing negative affectivity and gender as moderators of the association
between connection to nature and happiness

Children’s self-reported happiness Parent-reported happiness
B SE t B SE t
Family SES —0.00 0.03 —-0.04 0.04 0.02 1.84
Connection to nature 0.41 0.13 3.14%* 0.28 0.14 2.00%
Negative affectivity —-0.10 0.13 -0.71 - 043 0.14 —2.93%*
Gender 0.06 0.09 0.73 0.30 0.09 3.25%%*
Connection to -0.32 0.13 — 2.47* -0.19 0.14 -1.37
nature X Negative
affectivity
Connection to 0.25 0.10 2.59%* 0.08 0.10 0.83
nature X Negative affec-
tivity X gender

#p <0.01; ¥p <0.05
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Table 3 Regression analyses

testing effortful control and Children’s self- Parent-reported hap-
gender as moderators of reported happiness piness
the association between the B SE ¢t B SE
connection to nature and
happiness Family SES 001 002 043 006 002 251
Connection to nature 0.37 0.14 2.58% 0.28 0.15 1.85
Effortful control 0.01 0.14 0.07 0.24 0.15 1.52
Gender —-0.02 0.09 -0.21 0.20 0.10 2.07
Connection to -0.13 0.12 -1.15 -0.08 0.12 -0.63
nature X Effortful
control
Connection to 0.10 0.09 1.13 0.07 0.09 0.80
nature X Effortful
control X gender
*p <0.05

of negative affectivity with connection to nature (B=— 0.19, SE=0.14, p>0.05, 95% CI:
[— 0.467, 0.083]) nor the three-way interaction among negative affectivity, connection to
nature and gender (B=0.08, SE=0.10, p>0.01, 95% CI: [— 0.117, 0.286]) was significant.
Thus, negative affectivity and children’s gender did not moderate the association between
connection to nature and the parent-reported happiness.

Regarding gender difference in the moderating effect of effortful control on the associa-
tion between connection to nature and the children’s self-reported happiness, as shown in
Table 3, connection to nature was significantly and positively associated with the children’s
self-reported happiness (B=0.37, SE=0.14, p <0.05, 95% CI: [0.087, 0.643]). Neither the
two-way interaction of effortful control with connection to nature (B=— 0.13, SE=0.12,
p>0.05, 95% CI: [— 0.359, 0.094]) nor the three-way interaction among effortful control,
connection to nature and gender (B=0.10, SE=0.09, p>0.05, 95% CI: [— 0.071, 0.267])
was significant. Thus, effortful control and the children’s gender did not moderate the asso-
ciation between connection to nature and the children’s self-reported happiness.

Regarding gender difference in the moderating effect of effortful control on the associa-
tion between connection to nature and parent-reported happiness, as shown in Table 3, con-
nection to nature was not associated with parent-reported happiness (B=0.28, SE=0.15,
p>0.05, 95% CI: [— 0.018, 0.582]). Neither the two-way interaction of effortful control
with connection to nature (B=-— 0.08, SE=0.12, p>0.05, 95% CI: [- 0.323, 0.167])
nor the three-way interaction among effortful control, connection to nature and gender
(B=0.07, SE=0.09, p>0.05, 95% CI: [— 0.108, 0.257]) was significant. Thus, effortful
control and the children’s gender did not moderate the association between connection to
nature and parent-reported happiness.

Finally, we ran the PROCESS macro on Model 1 to further clarify the effect of the
interaction between connection to nature and negative affectivity on the girls’ and boys’
self-reported happiness separately, resulting in two moderation models.

As shown in Table 4, for girls, the interaction of connection to nature with negative
affectivity was significant (B=0.17, SE=0.07, p<0.05, 95% CI: [0.036, 0.309]), but
this interaction was not found among the boys (B=— 0.07, SE=0.06, p<0.05, 95% CI:
[—0.187,0.039]). Thus, the girls’ but not the boys’ negative affectivity moderated the asso-
ciation between connection to nature and self-reported happiness.
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Table 4 Regression analyses testing negative affectivity as moderators of the association between connec-
tion to nature and children’s self-reported happiness

Girls’ self-reported happiness Boys’ self-reported happiness
B SE t B SE t
Family SES —-0.01 0.03 - 047 0.01 0.03 0.28
Connection to nature 0.43 0.07 6.26% %% 0.41 0.06 7.06% %%
Negative affectivity -0.20 0.06 -327 -0.14 0.07 —2.19*
Connection to 0.17 0.07 2.49% -0.07 0.06 —-1.28
nature X Negative affec-
tivity

#kp <0.001; *p <0.05

3.3 Simple Slope Analysis

A follow-up simple slope analysis was conducted to understand the nature of the interac-
tion between the girls’ connection to nature and negative affectivity. Values at 1 SD above
and below the mean of the girls’ negative affectivity were used to calculate the simple
slopes of the association between connection to nature and the girls’ self-reported hap-
piness. Figure 1 depicts the results of the simple slope analysis. The girls’ connection to
nature was more strongly associated with happiness at higher levels of negative affectivity
(simple slope=0.62, t=6.65, p<0.001) than at lower levels of negative affectivity (simple
slope=0.28, r=2.72, p<0.01).

4 Discussion

In the current study, we explored the association between self- and parent-reports of
children’s happiness, the moderating effects of negative affectivity and effortful control
on the associations between connection to nature and children’s happiness, and gender
differences in the moderating mechanism. We found a discrepancy between children’s

Fig. 1 Girls’ negati iv- - i ivi
Fig.1 Girls’ negative affectiv 1 —&— low negative affectivity
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self- and parent-reports of happiness, with the levels of happiness reported by children
being higher than those reported by parents. Girls’ negative affectivity moderated the
association between connection to nature and self-reported happiness. However, boys’
negative affectivity and effortful control failed to moderate this association. These find-
ings were conducive to our understanding of the role temperament and gender play in
the association between connection to nature and children’s happiness.

The current study found a significant difference between self- and parent-reports of
children’s happiness, and parents underestimated children’s happiness. Because happi-
ness, as an emotion, is covert and difficult for others to detect, it is possible that parents
are not able to accurately evaluate their children’s happiness. According to Lagattuta
et al. (2012), this discrepancy may be explained by egocentric bias, with parents report-
ing their children’s emotions using their own emotional states as anchor points. Notably,
our finding is inconsistent with previous findings that parents across Western and East-
ern societies overestimate their children’s happiness (Holder et al., 2012; Lopez-Pérez
& Wilson, 2015). Nevertheless, it is difficult to draw any comparisons with the current
findings given that neither of the studies referenced above measured parents’ emotions.
Therefore, future research in which parents report their own and their children’s happi-
ness simultaneously is needed.

Consistent with our expectation and the findings of previous research with adult samples
(Capaldi et al., 2014; Cleary et al., 2017; Howell et al., 2013), we found that connection
to nature is positively associated with children’s happiness. This finding lends some sup-
port to the biophilia hypothesis (Wilson, 1984) that connection to nature is an innate need
and that satisfying this need promotes individuals’ positive development. It also extends
previous research on the associations between connection to nature and happiness among
children aged 7-12 years. Furthermore, our study found that negative affectivity moder-
ates the association between connection to nature and children’s happiness. This finding
suggests that although human beings have an innate need to feel connected to nature (Wil-
son, 1984), negative affectivity is an important individual characteristic in terms of how
this innate need impacts human development. Children who have higher negative affec-
tivity need emotional support and concern from external environments to relieve negative
affect. Therefore, as their feelings of emotional connection to external environments such
as natural environments increased, their positive affect increased and their negative affect
decreased. In contrast, children with lower negative affectivity usually show fewer nega-
tive emotions regardless of whether they have higher levels of connection to nature. Fur-
thermore, a gender difference in the moderating mechanism was found. Specifically, girls’
but not boys’ connection to nature is more strongly associated with happiness at higher
levels of negative affectivity than at lower levels of negative affectivity. Compared to boys,
girls are more likely to have higher levels of negative affectivity and then experience nega-
tive affect (Lengua & Kovacs, 2005). Therefore, they have an increased emotional connec-
tion to nature and a stronger association with increased happiness. These findings provide
important insights into the importance of girls’ but not boys’ negative affectivity to the
association between connection to nature and happiness.

Contrary to our expectation, effortful control failed to moderate the association between
connection to nature and self-reported happiness. These findings suggest that the associa-
tion between connection to nature and children’s happiness is more likely to be influenced
by trait reactivity than by trait self-regulation. However, it is difficult to draw any conclu-
sions from the current study because there are no studies examining the moderating effects
of effortful control and negative affectivity on the association between connection to nature
and children’s happiness. Therefore, further work investigating the mechanism by which
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temperament moderates the association between connection to nature and happiness is
warranted.

In the current study, we found that neither negative affectivity nor effortful control mod-
erates the association between connection to nature and parent-reported happiness. As
discussed above, because parents reporting their children’s emotions may use their own
emotional states as anchor points, parents’ perception of children’s happiness may not
reflect the reality of their children’s happiness in the present study. This may explain why
the association between connection to nature and parents’ perception of children’s happi-
ness was not moderated by temperament. Of course, it remains to be considered in future
research whether the critical reason why there was no moderating effect of temperament on
the association between connection to nature and parent-reported happiness was that par-
ents were not able to report their children’s happiness accurately.

5 Limitations and Future Directions

Although this study provided further understanding of the potential mechanism linking
connection to nature and children’s happiness, several limitations should be considered.
First, our study used a cross-sectional design to examine the association between connec-
tion to nature and children’s happiness, which means that no causal conclusions regarding
the association can be established. Therefore, longitudinal designs are required to deter-
mine the direction of the association between connection to nature and children’s happi-
ness. Second, the current study sample included children aged 7-12 years and their parents,
most of whom came from working- and middle-class families in Jinan, a city in eastern
China. Future research is needed to verify whether our findings can be generalized to other
groups. Third, we used only the single-item Face Scale to assess children’s happiness.
Although the reliability and validity of this scale have been documented, it is necessary to
replicate this research by employing additional measures in future research. Fourth, previ-
ous research has found that social desirability may influence children’s self-reports of hap-
piness (Spector, 2006). Therefore, further research is needed to measure social desirability
and then reconsider the moderating effects of temperament and gender on the association
between connection to nature and happiness after controlling for social desirability. Sixth,
it should be noted that both happiness and connection to nature are positively associated
with exposure to nature (Bakir-Demir et al., 2019; Dopko et al., 2019). However, this study
did not consider the impact of exposure to nature on the association between connection to
nature and happiness. Future research should include exposure to nature to provide a more
comprehensive picture of the association between connection to nature and happiness and
the moderating effect of temperament.

6 Conclusions and Implications

Despite these limitations, the current study was an important attempt to explore whether
negative affectivity and effortful control moderate the association between connection
to nature and children’s happiness as well as whether this moderating mechanism differs
with gender. Our study found that connection to nature was positively associated with both
girls’ and boys’ happiness, extending the literature on the association between connection
to nature and positive development in the 7-12-year-old age group. Moreover, we found

@ Springer



W. Cui, Z. Yang

that girls’ but not boys’ negative affectivity strengthens the association between connection
to nature and self-reported happiness. Our findings suggest that the association between
connection to nature and children’s happiness differs by temperament and gender. These
findings remind us that children’s connection to nature, temperament and gender should be
considered simultaneously in future interventions striving to promote children’s happiness.
For girls with higher levels of negative affectivity, future intervention programs aimed at
encouraging them to spend more time in nature and improving their level of connection to
nature can promote happiness. Additionally, to promote happiness in boys, researchers and
practitioners should target improving their level of connection to nature regardless of their
temperament.
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Research has demonstrated that both family environments and indi- Received 19 August 2020
vidual characteristics are associated with children’s happiness. Accepted 20 August 2021
However, relatively less research has explored whether and how nat-

ural environments are associated with children’s happiness. The cur- KEYWORDS

rent study examines whether the association between exposure to Happiness; exposure to
nature and children’s happiness is moderated by temperament (neg- nature; effortful control;

ative affectivity and effortful control), whether there is a gender  children
difference in the moderating mechanisms, and whether the detected
moderation supports the diathesis-stress or differential susceptibility
models. Four hundred and ten children and one parent of each child
participated in our study. We found that boys' effortful control, not
negative affectivity, moderated the association between exposure to
nature and happiness. Furthermore, the results support the differential
susceptibility model with boys’ low effortful control as a vulnerability
factor. Specifically, for boys with lower effortful control, a lower expo-
sure to nature was associated with lower happiness, and a higher
exposure to nature was associated with higher happiness than in
boys with higher effortful control. However, girls’ negative affectivity
and effortful control did not moderate the association between expo-
sure to nature and happiness. These findings suggest that the asso-
ciation between natural environments and children’s positive
developmental outcomes varies with their effortful control and
gender.

Introduction

Wilson (1984) argued that humans evolved over a long period in nature and that they
have an innate preference for nature. Recent empirical research supports Wilson’s view
and has found that children’s favorite places are natural environments (Chawla, 2014).
However, due to rapid urbanization (Aaron & Witt, 2011), parental restrictions (Hand
et al, 2018) and academic pressures (Louv, 2005), children today are spending less
time in natural environments and are experiencing less exposure to nature than elder
generations. Exposure to nature refers to the direct physical and/or sensory contact
with natural environments (Kamitsis & Francis, 2013). Exposure to nature has many
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potential benefits for children, such as lower depression and nervousness (Piccininni
et al., 2018), higher self-regulation (Bakir-Demir et al., 2019), and higher
pro-environmental behaviors (Collado & Evans, 2019). On the contrary, the lack of
exposure to nature is harmful to children’s physical and mental health (Dopko et al,
2019; Louv, 2005). Although previous research has found an association between
exposure to nature and a range of children’s developmental outcomes, less is currently
known regarding the association between exposure to nature and children’s happiness.

The Association between Exposure to Nature and Children’s Happiness

Happiness is hedonic well-being and refers to the presence of positive affect and the
absence of negative affect (Deci & Ryan, 2008; Holder & Coleman, 2008). It is the
sought-after goal that most individuals strive for (Holder, 2012). Previous empirical
research has found that children with higher levels of exposure to nature experience
higher levels of well-being and positive affect than children with lower levels of expo-
sure to nature (Berman et al., 2012; Dopko et al, 2019; McMahan & Estes, 2015;
White et al., 2013). Two important theories in the research on the human-nature
relationship also provide support for the association between exposure to nature and
children’s happiness. Specifically, attention restoration theory (ART; Kaplan & Kaplan,
1989) posits that nature calls forth individuals’ involuntary attention and provides
respite for overworked directed attention mechanisms. Therefore, exposure to nature
alleviates mental fatigue and enhances well-being. In addition, stress recovery theory
(SRT; Ulrich et al., 1991) postulates that humans are biologically prepared to respond
positively to natural and vegetation-rich environments. When exposed to nature, humans
produce unconscious autonomic responses characterized by decreased psychophysio-
logical stress and increased positive affect.

The Moderation of Negative Affectivity and Effortful Control in the Association
between Exposure to Nature and Happiness: The Diathesis-Stress and
Differential Susceptibility Models

Despite the evidence mentioned above that there is a positive association between
exposure to nature and children’s happiness, not all children are influenced to the
same extent by exposure to nature. Indeed, the socio-ecological framework by Lachowycz
and Jones (2013) proposes that there are moderators in the association between expo-
sure to nature and well-being. This model identifies the following four types of mod-
erators: demographic factors (such as socioeconomic status), the living context (such
as cultural factors), the characteristics of greenspace (such as attractiveness of green
space), and climate (such as the temperature). Unfortunately, this model ignores the
moderating effects of individual characteristics, particularly temperament. Temperament
is an important individual trait that differentiates one child from another (Rothbart
et al., 2001). It refers to the physiological basis for individual differences in reactivity
and self-regulation (Rothbart & Bates, 2006; Rothbart et al., 2001). Negative affectivity
and effortful control are the central components of temperament (Rothbart & Bates,
2006; Rothbart et al., 2001). Negative affectivity, similar to neuroticism, is defined as
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the tendency to react to stressors with a high degree of emotionality, including sadness,
fear, anger, and discomfort. Effortful control is defined as the efficiency of executive
attention, including inhibitory control, attentional control, and perceptual sensitivity
(Rothbart & Bates, 2006). Children who are lower on negative affectivity (Holder et al.,
2012), higher on inhibitory control, and higher on attentional control (Orkibi & Ronen,
2017) experience higher happiness and well-being.

Recently, the research on children’s temperament-environment interactions has been
growing and comparing the two theoretical models of diathesis-stress and differential
susceptibility (Gao et al., 2018; Myerberg et al., 2019; Rabinowitz et al., 2016a; 2016b;
Rioux et al., 2019). These theoretical models suggest that children with vulnerability
factors are more susceptible to unsupportive environments than children without these
vulnerability factors. According to the diathesis-stress model (Monroe & Simons, 1991),
children with vulnerability factors (such as a difficult temperament) are more likely
to experience negative developmental outcomes when exposed to unsupportive envi-
ronments (e.g., negative family environments) than children without these factors, but
children with vulnerability factors experience similar developmental outcomes to chil-
dren without vulnerability factors when exposed to supportive environments (e.g.,
positive family environments). According to the differential susceptibility model (Belsky
& Pluess, 2009), children with vulnerability factors are also more susceptible to both
the adverse and positive effects of unsupportive and supportive environments, respec-
tively. To our knowledge, the existing research on the diathesis-stress or differential
susceptibility frameworks has primarily focused on the associations between the inter-
actions of temperament with family environments and children’s developmental out-
comes. For example, Myerberg et al. (2019) found that children with higher levels of
negative affectivity experience lower levels of well-being when exposed to lower levels
of family cohesion than children with lower levels of negative affectivity, and these
children experience similar levels of well-being to children with lower levels of negative
affectivity when exposed to higher levels of family cohesion. These findings therefore
support the diathesis-stress model. Additionally, Gao et al’s (2018) study of Chinese
children found that children with higher levels of negative affectivity experience not
only higher levels of internalizing problems when exposed to higher levels of parental
psychological control, but also lower levels of internalizing problems when exposed to
lower levels of psychological control than children with lower levels of negative affec-
tivity, which supports the differential susceptibility model. However, almost no research
from the diathesis-stress or the differential susceptibility perspectives has investigated
the moderating effects of temperament on the association between exposure to nature
and children’s happiness. A better understanding of the potential moderating mecha-
nism that underlies the association between exposure to nature and happiness could
provide evidence on whether intervention programs to improve children’s exposure to
nature to promote happiness should consider their temperament.

Gender Difference

Notably, previous research has found gender differences in children’s happiness, expo-
sure to nature, fearfulness and effortful control, with girls having higher levels of
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happiness (Holder & Coleman, 2008), exposure to nature (Piccininni et al., 2018),
fearfulness and effortful control (Lengua & Kovacs, 2005; Xu et al., 2009) than boys.
Furthermore, the association between exposure to nature and children’s developmental
outcomes is stronger among girls than boys (Piccininni et al., 2018). Less emphasis,
however, has been placed on the gender difference in the potential mechanisms involved
in the association between exposure to nature and children’s happiness. It is of great
importance to ascertain gender differences in the moderating effects of temperament
on the association between exposure to nature and children’s happiness to develop
targeted interventions for happiness according to children’s gender.

The Current Study

The present study used a sample of Chinese children aged 7-12years and examined whether
children’s negative affectivity and effortful control moderate the association between expo-
sure to nature and happiness, whether there is a gender difference in the moderating
mechanisms, and whether the detected moderation supports the diathesis-stress or differ-
ential susceptibility models. We hypothesized that (1) negative affectivity and effortful
control moderate the association between exposure to nature and children’s happiness and
that (2) the moderating mechanisms vary by children’s gender. However, given that no
studies have examined the moderating effects of negative affectivity and effortful control
on the association between exposure to nature and happiness with the diathesis-stress or
differential susceptibility frameworks, we did not propose hypotheses about this topic.

Method
Participants

Four hundred and fifty-eight children aged 7-12years and one parent of each child
were recruited to participate in this study. Forty-eight children and parents refused to
participate. Therefore, the final sample included 410 children and parents. The mean
age of the children was 9.37years (SD=.96). Approximately 53.17% of the children
were boys. In terms of the place of residency, 65.85% of children were from the urban
area, and 34.15% of children were from the suburban area nearby. Regarding parental
education level, 2.68% of the parents had a primary school education or less, 33.42%
of the parents had a secondary school education, 29.03% of the parents had a high
school education, 25.85% of the parents had a college education, and .24% of the
parents had a postgraduate education. Regarding employment, 19.76% of the parents
were unemployed, 52.19% of the parents were working class (e.g., factory worker), and
19.27% of the parents had a professional or semiprofessional position (e.g., teacher).
However, 8.78% of the parents did not report their education level and employment.

Procedure

This study was approved by the Institutional Review Board of Beijing Forestry University.
Children and their parents were recruited through convenience sampling from a public
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elementary school in Jinan, an eastern Chinese city. Prior to recruitment, the research
assistants explained the study aims and procedure to class teachers. With their per-
mission, invitation letters including the study information and consent forms were
delivered to the children’s parents. After parental consent was obtained, the children
completed the self-report measure regarding happiness during a normal school day.
Additionally, the children took home a document with measures regarding their expo-
sure to nature and temperament and returned this information to the class teachers
when their parents had completed these measures. Finally, the research assistants
collected the questionnaires from the class teachers.

Measures

Happiness

Happiness was assessed with the Subjective Happiness Scale (SHS, Lyubomirsky &
Lepper, 1999). This scale consists of 4 items (e.g., “Compared to most of my peers, I
consider myself”). The children responded by using a 7-point scale from 1 (less happy/
not at all) to 7 (more happy/a great deal of the time). The scores for happiness were
calculated by summing the responses to the four items, with higher scores indicating
higher levels of happiness. This scale has demonstrated good reliability and validity
in China (Nan et al., 2014). In this study the alpha was .60. Although not particularly
high, the alpha coefficient was similar with those obtained in previous research (Bi
et al., 2012).

Exposure to Nature

Amoly et al. (2014) developed the Green Spaces Questionnaire to assess children’s
exposure to nature. Parents were asked to report the average number of times per
week and the average number of hours that their children played in green spaces
during the four time periods of school days, weekends, New Year/Christmas, and
Easter holidays during the last school period. According to Chinese holidays and the
data collection time of this study, we revised this questionnaire. In the revised version,
the parents reported the average number of times per week and the average number
of hours that their children played in green spaces during the four time periods of
school days, weekends, the Mid-autumn Day, and the National day from July to
September 2019. For each time period, the hours that children played in green spaces
was calculated by multiplying the number of times per week by the hours per play
time to obtain weekly average hours and then multiplying these weekly average hours
by the number of corresponding weeks. Exposure to nature was calculated by summing
the hours during school days, weekends, the Mid-autumn Day, and the National day.

Negative Affectivity and Effortful Control

Negative affectivity and effortful control were assessed with the parents’ report of the
Children’s Behavior Questionnaire-Very Short Form (CBQ-VSF; Putnam & Rothbart,
2006). The CBQ includes the three subscales of negative affectivity, effortful control,
and surgency. This study used the negative affectivity (12 items; e.g., “gets quite
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frustrated when prevented from doing something s/he wants to do”) and effortful
control subscales (12 items; e.g., “when drawing or coloring in a book, s/he shows
strong concentration”). The parents responded by using a 7-point scale from 1
(extremely untrue of your child) to 7 (extremely true of your child). They could also
select “not applicable” if the description was not observed in their children. The scores
were calculated by summing the relative responses, and higher scores indicated higher
levels of negative affectivity and effortful control. The CBQ has shown good reliability
and validity in China (Fan et al, 2020). In this study, the alphas for the negative
affectivity and effortful control subscales were .67 and .71, respectively.

Demographic Variables

The children reported their gender, age and household possessions (e.g., car). We used
fourteen household possessions as indicators of family socioeconomic status (SES)
(Zhang et al., 2017). The responses of household possessions were summed, with
higher scores indicating higher SES.

Statistical Analyses

We used SPSS 22.0 to conduct correlation and regression analyses separately for boys
and girls. Prior to conducting the regression analyses, we handled missing data with
the expectation-maximization algorithm and standardized the main study variables.
We used the regression analyses to examine whether there was a significant effect of
the interaction between negative affectivity/effortful control and exposure to nature
on happiness. If a significant interaction was found, then we conducted a regions of
significance (RoS) analysis to examine the diathesis-stress and differential susceptibility
models (Roisman et al., 2012). An RoS analysis identifies three indices, namely, the
RoS on the independent variable (RoS on X), the proportion of the interaction (Pol),
and the proportion affected (PA). Specifically, an RoS analysis estimates the range of
values of the X with which the moderator (Z) and the dependent variable (Y) are
significantly associated. If the association between Z and Y is significant at the low
end of X, then the results support the diathesis-stress model. If the association is
significant at both the low and high ends of X, then the results support the differential
susceptibility model. The Pol represents the proportion of the total interaction that is
represented on the right side of the crossover point (where the two regression lines
intersect) for the interaction. A Pol value closer to .50 supports the differential sus-
ceptibility model, and a Pol value closer to .00 supports the diathesis-stress model.
The PA represents the proportion of participants above the crossover point. A PA
value closer to0.50 (.40 — .60) supports the differential susceptibility model, and a PA
value closer to .00 supports the diathesis-stress model. We can use an online instru-
ment (http://www.yourpersonality.net/interaction/) to calculate the above indices.
Additionally, Roisman et al. (2012) recommended examining whether X2, ZX? and a
combination of X? and ZX? do not significantly predict Y to demonstrate the absence
of a nonlinear association between X and Y.
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Results

Table 1 shows the bivariate correlations among all study variables for all children, and
Table 2 shows the bivariate correlations separately for boys and girls. We conducted
analyses of variance (ANOVAs) to examine the gender differences in happiness, expo-
sure to nature, negative affectivity and effortful control. There were significant gender
differences in negative affectivity and effortful control, with girls scoring higher than
boys on negative affectivity (F(1,342)=5.81, p< .05) and effortful control (F(1,339)=6.29,
p< .05). For boys, happiness was significantly and positively correlated with exposure
to nature. Neither negative affectivity nor effortful control was significantly correlated
with both happiness and exposure to nature. For girls, happiness, exposure to nature,
negative affectivity and effortful control were not significantly correlated with one
another.

Tables 3 and 4 summarize the results of the regression analyses. Regarding the
moderating effect of negative affectivity, as shown in Table 3, both boys and girls’
exposure to nature were significantly and positively associated with their happiness

Table 1. Correlations Among All Study Variables for All Children.

1 2 3 4 5 6
1. Happiness -
2. Exposure to nature 19** -
3. Negative affectivity —-.06 -.07 -
4. Effortful control .05 .04 .04 -
5. Age .04 -.02 -.05 =11 -
6. SES a1 -.04 —.14* —-.02 .03 -
Numbers at the top refer to boys, and numbers at the bottom refer to girls.
**p<.01.
*p<.05.

Table 2. Correlations Among All Study Variables for Boys and Girls.

1 2 3 4 5 6
1. Happiness - 23** -.01 .00 A3 .09
2. Exposure to nature 17 - -.07 .01 -.03 .00
3. Negative affectivity =12 -.03 - —.04 -.12 —.25%*
4. Effortful control .10 1 .08 - -.12 -.01
5. Age -.07 -.01 .03 -.12 - .01
6. SES 14 -.08 .00 -.03 .05 -
Coefficients above the diagonal are the correlations for boys, and coefficients below the diagonal are the correlations
for girls.
*p< 01.

Table 3. Regression Analyses that Test Negative Affectivity as a Moderator of the Association between
Exposure to Nature and Happiness.

Boys Girls

B F AR? B F AR?
Step 1
Exposure to nature 28%** 9.07%*** .08 21%% 5.47** .06
Negative affectivity - .00 -.10
Step 2
Exposure to nature x Negative affectivity .00 5.98** .00 —-.04 3.76* .00
***p<.001.
**p<.01.

*p<.05.
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Table 4. Regression Analyses that Test Effortful Control as a Moderator of the Association between
Exposure to Nature and Happiness.

Boys Girls

B F AR? B F AR?
Step1
Exposure to nature 27*** 9.071%** .08 .20%* 5.21** .05
Effortful control .03 .09
Step 2
Exposure to nature x Effortful control — 17** 8.41%%* .03 .05 3.66* .00
*exp< 001,
**p<.01.
*p<.05.

(boys: B= .28, p< .001; girls: f= .21, p< .001). However, the interactions between
exposure to nature and negative affectivity were not significant among both boys and
girls (boys: = .00, p> .05; girls: f=- .04, p> .05). Thus, both boys’ and girls’ negative
affectivity did not moderate the association between exposure to nature and happiness.

Regarding the moderating effect of effortful control, as shown in Table 4, both boys’
and girls’ exposure to nature were significantly and positively associated with their
happiness (boys: f= .27, p< .001; girls: f= .20, p< .01). The interaction between expo-
sure to nature and boys™ effortful control was significant (f=-.17, p< .01). However,
the interaction between exposure to nature and girls’ effortful control was not signif-
icant ($=.05, p> .05). Thus, boys’ but not girls’ effortful control moderated the asso-
ciation between exposure to nature and happiness.

We conducted an RoS analysis to examine whether the effect of the interaction
between boys’ exposure to nature and effortful control on happiness supported the
diathesis-stress or the differential susceptibility models. Figure 1 depicts the results of

[ ]

high effortful control
------ low effortful control

Happiness

-2 -1.5 -1 -0.5 0 0.5 1 1.5

(=]

Exposure to nature

Figure 1. The association between exposure to nature and happiness among children with high (+1
SD) and low (=1 SD) effortful control.
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the RoS analysis. The RoS analysis found that the association between effortful control
and happiness was significant at both lower and higher levels of exposure to nature,
with a lower bound of significance at —1.34 (within M +2SD) and a higher bound of
significance at 1.42 (within M £2SD). The Pol was .40, and the PA was .42. Additionally,
we did not find a nonlinear association between exposure to nature and happiness.
These findings thus support the differential susceptibility model.

Discussion

The present study expanded on previous research by investigating whether and how
exposure to nature is associated with children’s happiness in a Chinese sample of chil-
dren aged 7-12years. Specifically, we examined whether children’s negative affectivity
and effortful control moderated the association between exposure to nature and hap-
piness, whether there was a gender difference in the moderating mechanism, and
whether the findings from the moderation analyses were consistent with the diathesis-stress
or differential susceptibility models. We found that among boys with lower levels of
effortful control, lower levels of exposure to nature were associated with lower levels
of happiness compared to boys with higher levels of effortful control. However, higher
levels of exposure to nature were associated with higher levels of happiness among
boys with lower levels of effortful control compared to boys with higher levels of
effortful control. These findings support the differential susceptibility model.

In the current study, although exposure to nature was significantly and positively
correlated with all children’s happiness when calculating the correlation between
exposure to nature and happiness for all children, only boys’ exposure to nature was
significantly correlated with happiness when calculating the correlation between expo-
sure to nature and happiness separately for boys and girls. This suggests that gender
plays an important role in the association between exposure to nature and Chinese
children’s happiness. Our finding is inconsistent with both previous theories and the
empirical research conducted in Western societies. According to ART (Kaplan &
Kaplan, 1989) and SRT (Ulrich et al., 1991), both boys and girls with higher levels
of exposure to nature experience higher levels of happiness. In addition, some empir-
ical research with samples of Canadian and British children found that higher levels
of exposure to nature were associated with higher levels of well-being and positive
affect among both boys and girls (Dopko et al., 2019; White et al., 2013). It appears
that the association between exposure to nature and well-being/happiness found in
Western samples does not pertain to our Chinese sample. In modern Chinese society,
most parents think that achieving academic success is the primary duty of children
(Chao & Tseng, 2002) and that spending time outdoors such as exposure to nature
wastes their childrens learning time and impedes academic success. Girls who grow
up in traditional Chinese families are more susceptible than boys to these ideas and
conceptions from parents (Shek, 2007; Zhang & Fuligni, 2006). Therefore, Chinese
girls may feel unhappy when exposed to nature. Of course, given that few studies
with Chinese samples have examined the association between exposure to nature and
children’s happiness, drawing conclusions from the current findings should be proceed
with caution, and further research that investigates the association between exposure
to nature and happiness among other Chinese samples is needed.
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Consistent with our expectation, effortful control moderated the association between
exposure to nature and happiness among boys. This finding supports Lerner’s devel-
opment contextualism (Lerner, 2006), which suggests that both external environments
(such as exposure to nature) and internal characteristics (such as temperament) are
important contexts in individuals’ development (such as happiness), and the interactions
between external environments and individual characteristics affect developmental out-
comes. However, our study found that negative affectivity did not moderate the asso-
ciation between exposure to nature and children’s happiness, though a moderating effect
of negative affectivity on the association between family environments and children’s
well-being has been found (Myerberg et al., 2019). In Chinese society dominated by
collectivism, individual characteristics such as self-regulation, not lower endurance to
stressors and higher emotionality, are encouraged and approved (Grimm et al., 1999).
Under this cultural atmosphere, it is possible that children with higher negative effec-
tivity fail to experience higher levels of happiness despite exposure to relaxing natural
environments. Of course, this conclusion should be considered with caution given that
almost no research has explored the moderating effects of negative affectivity and
effortful control on the association between exposure to nature and children’s happiness.

In addition, we found that lower levels of exposure to nature were associated with
lower levels of happiness among boys with lower levels of effortful control compared
to boys with higher levels of effortful control, while higher levels of exposure to nature
were associated with higher levels of happiness among boys with lower levels of effortful
control compared to boys with higher levels of effortful control. These findings support
the differential susceptibility model with boys” lower effortful control as a susceptibility
factor. Boys who are lower in effortful control have difficulty focusing attention (Kiff
et al, 2011). They therefore need to exert considerable effort to avoid distractions,
which leads to their directed attention being overworked (Kaplan & Berman, 2010;
Kaplan & Kaplan, 1989). If these boys have little opportunity to be exposed to nature,
then their involuntary attention cannot be called forth, and their overworked directed
attention cannot be relieved. It is therefore possible that they experience higher mental
fatigue and lower positive affect (Kaplan & Berman, 2010; Kaplan & Kaplan, 1989).
On the contrary, if these boys are exposed to nature, then involuntary attention can
be called forth, and their overworked directed attention can be relieved, which is
beneficial to recovery from mental fatigue and enhances positive affect.

Several limitations of our study should be considered. First, this study’s sample
consisted of children aged 7-12years and one of their parents, who mainly came
from working- and middle-class families. Whether our findings can be generalized
to other groups requires further investigation. Second, the relatively low reliabilities
of the Subjective Happiness Scale and negative affectivity subscale should be acknowl-
edged because they may weaken the association among the variables. Accordingly, it
is necessary to replicate our findings in future research by using more reliable mea-
sures. Third, happiness, negative affectivity and effortful control may be influenced
by social desirability. Thus, more studies are needed to measure social desirability or
assess children’s happiness and temperament with observational measures and to
reconsider the moderation of negative affectivity and effortful control on the associ-
ation between exposure to nature and children’s happiness. Fourth, we relied on
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parents’ reports of their children’s exposure to nature and temperament, which may
introduce bias in the estimates of the associations among the study variables. Therefore,
it is useful for future research to include both children’s and parents’ reports of chil-
dren’s happiness, exposure to nature and temperament.

Despite these limitations, the current study is a novel and important attempt to
investigate the gender difference in the moderating effects of negative affectivity and
effortful control on the association between exposure to nature and children’s happiness
in China from a diathesis-stress versus differential susceptibility perspective. Our study
found that boys with lower effortful control experience lower happiness than boys
with higher effortful control when the level of exposure to nature is lower, and they
experience higher happiness when the level of exposure to nature is higher, which
supports the differential susceptibility model. These findings extend previous research
regarding the moderating effects of temperament on the association between external
environmental factors and children’s happiness. Our findings provide important insights
into the importance of boys’ effortful control on the association between natural envi-
ronments and children’s positive developmental outcomes. Additionally, these findings
emphasize that prevention and intervention efforts aimed at encouraging exposure to
nature to promote happiness should consider children’s temperament and gender.
Furthermore, practitioners should encourage boys, particularly boys with lower effortful
control, to be in natural environments.
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The Influence of Environmental Elements in Urban Parks on
Residents' Mental Health
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(School of Humanities and Social Sciences, Beijing Forestry University, 100083, P. R. China)

Abstract: To investigate the influence of the natural, perceptual, rest, and activity elements in urban parks
on residents' three mental health dimensions (i.e., positive emotions, cognitive function, and psychological
symptoms and negative emotions), and the role of nature connectedness in this context, the current study
surveyed 911 Beijing residents and constructed a structural equation model. The results showed that the
perceptual elements in urban parks could directly promote residents' positive emotions and cognitive
function, and could also indirectly promote residents' positive emotions and cognitive function and
alleviate psychological symptoms and negative emotions through nature connectedness. In addition, the
activity elements in urban parks could directly promote residents' positive emotions as well as alleviate
psychological symptoms and negative emotions. However, the natural and rest elements were not
significant predictors for all the dimensions of residents' mental health. Therefore, emphasis should be
placed on increasing the perceptual and activity elements in urban parks, as well as on enhancing human-
nature interaction to improve the nature connectedness of residents.

Key words: urban parks; environmental elements; nature connectedness; mental health
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Relationship between Interparental Conflict and Mental Health of Adolescents:
the Serial Mediating Role of Family Resilience and Psychological Security
LU Man-yao, CHEN Hui, YANG Zhi—hui
School of Humanities and Social Sciences, Beijing Forestry University, Beijing100083, China
[ Abstract)
ating role of family resilience and psychological security in it. Methods: The Interparental Conflict Scale, Family Resil-

Objective: To explore the relationship between interparental conflict and mental health and the serial medi-

ience Questionnaire, Sense of Security Scale, DASS-21 depression subscale, and Subjective Sell-being Scale were used to
investigate 777 adolescents. Results: (1) The direct effects of interparental conflict on adolescents’ depression and subjec-
tive well-being were significant; (2) Interparental conflict affected adolescents’ depression through the separate mediation
of psychological security as well as the serial mediation of family resilience and psychological security; (3) Interparental con-
flict had an impact on the subjective well-being of adolescents through the individual mediations of family resilience and
psychological security, as well as through the combined sequential mediations of both factors. Conclusion: Family resil-
ience and psychological security function as serial mediators hetween interparental conflict and adolescents’ mental health.

[Key words] Interparental conflict; Family resilience; Psychological security; Depression; Subjective well-being
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1 | INTRODUCTION

Xiaomin Sun?

| Yilin Meng! | Zhihui Yang?

Abstract

Green spaces, integral to natural environments, have been extensively studied for
their positive impact on mental health, yet their influence on social behavior,
particularly aggression, is less explored. While prior research has predominantly
emphasized the effects of actively engaging with nature, the significant role of
passive nature exposure—a more common daily occurrence—has often been
overlooked. We conducted two studies to explore the influence of passive green
space exposure on aggression and the mediating effect of the sense of control.
Study 1 (N = 240) utilized a cross-sectional survey to assess the relationship between
passive green space exposure, sense of control, and aggression. Study 2 (N = 260)
employed a single-factor between-subjects experimental design to further explore
these relationships in a controlled environment. The results from both studies
indicated that passive green space exposure is negatively related to aggression, and
that this relationship is partially mediated by an increased sense of control.
Specifically, passive green space exposure was found to negatively predict
aggression by bolstering individuals' sense of control. These findings underscore
the potential of enhancing the sense of control through environmental factors like
green spaces as an effective strategy to reduce aggression. This study enriches our
understanding of the broader impacts of green spaces, extending beyond mental
health to include social behaviors. We discussed both the theoretical and practical
implications of our findings, highlighting how urban planning and environmental
design can incorporate green spaces to foster community well-being and mitigate

aggressive behaviors.

KEYWORDS

aggression, compensatory control theory, passive green space exposure, sense of control

escalates to severe physical harm, it crosses into violence, a major global

concern recognized by the World Health Organization as a leading cause

Aggression, defined as behavior intentionally aimed to harm or injure
others who wish to avoid such treatment (Anderson & Bushman, 2002;
Nelson & Trainor, 2007), presents significant social challenges. It leads to
various adverse outcomes, including physical and emotional distress,
strained relationships, and in extreme cases, self-harm or suicide
(Krahé, 2020; Liu, 2004; Nelson & Trainor, 2007). When aggression

of mortality among individuals aged 15-44 (Krug et al., 2002).
Environmental factors are known to contribute substantially—up
to 50%—to aggressive behavior (Tuvblad & Baker, 2011). Despite
this, studies exploring the impact of physical environmental char-
acteristics like air pollution (Perera et al, 2013), noise pollution
(Dzhambov & Dimitrova, 2014), temperature (Baron, 1972;

Aggressive Behavior. 2024;50:e22158.
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Miles-Novelo & Anderson, 2019, 2022), and weather conditions (Ciucci
et al,, 2011, 2013) on aggression are sparse (Younan et al., 2016). This
highlights a significant gap in understanding how environmental settings,
particularly green spaces, may mitigate aggression.

The benefits of green space exposure are well-documented,
encompassing enhancements in positive emotions (Barton & Pretty, 2010;
Markevych et al., 2017), stress reduction (Lega et al., 2021), decreased
illness risk (Alcock et al., 2017; Kingsley, 2019), and improved cognitive
function (Browning & Rigolon, 2019; Cherrie et al., 2018; Luque-Garcia
et al,, 2022; Maes et al., 2021). Moreover, recent studies suggest that
green spaces can foster prosocial behavior (Castelo et al, 2021; Liu
et al, 2023), indicating their influence on human behavior extends
beyond health and well-being to include social interactions.

Given these insights, this study aims to investigate whether passive
green space exposure can diminish aggression and to elucidate the
underlying mechanisms of this potential relationship. By integrating
environmental psychology and social behavior perspectives, this research
seeks to provide a comprehensive understanding of how passive
interaction with green spaces could serve as a strategic intervention to

reduce aggressive behaviors and promote societal harmony.

1.1 | Passive green space exposure and sense of
control

Green space exposure is categorized into active and passive
(Norwood et al.,, 2019). Active exposure entails deliberate
engagement with nature for therapeutic purposes (Norwood
et al., 2019), whereas passive exposure occurs when individuals
are present in natural settings without intentional interaction
with the environment (Liu et al., 2023; Norwood et al., 2019).
Unlike active exposure, which requires deliberate effort, passive
exposure involves minimal effort, such as stepping outside or
viewing nature through a window.

Passive green space exposure might effectively restore an
individual's sense of control, defined as the extent to which an
individual believes in their ability to exert personal power and
influence over their life and environment (Zarit et al.,, 2003). This
influence operates through two key dimensions of this perception:
personal mastery and perceived constraints. Personal mastery
reflects an individual's inherent sense of efficacy and skillfulness in
achieving goals; perceived constraints pertain to the belief in how
much external obstacles or uncontrollable factors impede their
efforts (Lachman & Weaver, 1998).

On one hand, exposure to passive green spaces can enhance
personal mastery by creating environments conducive to self-
reflection (Herzog et al., 1997), which allows individuals to recognize
their capabilities and potential, thereby enabling them to plan and
regulate their actions more effectively (Clayton & Opotow, 2003;
Markus, 1983). As a result, individuals may experience an enhanced
sense of personal mastery and overall control.

On the other hand, passive green space exposure can alleviate

perceived constraints. According to self-determination theory (Deci

& Ryan, 1985), individuals feel intrinsically motivated when they
perceive their actions as self-driven, fostering a sense of control over
their environment. This suggests that fulfilling one's autonomy can
directly reduce perceived constraints and bolster their sense of
control. In social settings, individuals often encounter restrictions
imposed by laws, norms, and societal expectations. However, natural
environments impose fewer restrictions on an individual's percep-
tions and actions, thereby enhancing their autonomy (Clayton &
Opotow, 2003). The enhancement of autonomy is a crucial factor in
strengthening the sense of control, suggesting that residing in areas
with abundant green spaces may lead individuals to experience fewer
perceived constraints and a higher sense of control.

In summary, individuals with greater passive green space
exposure tend to exhibit a more pronounced sense of control
compared to those with less exposure. While the body of research on
this topic remains limited, existing empirical evidence supports this
hypothesis. For example, studies have shown that green space within
healthcare settings can enhance patients' sense of control
(Weerasuriya et al., 2019), and research indicates that environments
that fulfill personal needs can contribute to an enhanced sense of
control (Kraus et al., 2012). Green spaces play a role in fulfilling
psychological needs through personal recovery (Kaplan &
Kaplan, 1989), indirectly supporting the notion that exposure to

green spaces can enhance an individual's sense of control.

1.2 | Sense of control and aggression

The sense of control is fundamentally crucial for individuals as it
significantly impacts their behavior and well-being. Social learning
theory posits that aggressive behaviors may partly arise from a need
for environmental control (Felson & Tedeschi, 1993). This theory
suggests that a perceived decrease in one's ability to control their
environment or circumstances might lead to an increase in aggressive
behavior, a notion supported by empirical findings in adolescents. For
instance, Guo et al. (2016) found that a lower sense of control can
escalate aggression in this demographic. Similarly, Chen, Chen, et al.
(2018); Chen, Zuo, et al. (2018) observed that individuals of lower
status may exhibit reduced aggressive tendencies when they
experience an increased sense of control.

Furthermore, the role of aggression as a coping mechanism for
loss of control has been extensively documented. Research indicates
that individuals unable to control their surroundings may resort to
aggressive behavior to reclaim a sense of control (DeWall et al., 2011;
Warburton et al., 2006). This observation aligns with compensatory
control theory, which posits that people often seek alternative
methods to restore their perceived control to baseline levels when it
is diminished (Landau et al.,, 2015). These studies collectively
underline the importance of the sense of control in shaping
behavioral responses, particularly aggression.

Building on these insights, we propose that passive green space
exposure may reduce aggression, potentially through enhancing the

sense of control. Thus, we propose the following hypotheses:

85U8017 SUOWIWIOD BA 11810 3|l (dde ayy Aq pausenob ae sappiie VO ‘85N JO Sa|nl 10y AkeldiTauljuO AB|IM UO (SUONIPUCD-pUe-SWe)/LI00 8| IM Ale.d 1 jBu[Uoy/Sdny) SUOTPUOD pue swie 1 8y} 88s *[7202/50/v72] uo AriqiTauluo AIm * Aiseaun Anssiod Builed - niTer Aq 85Tz de/200T 0T/I0p/L0o™A8]Im Afeid1jeul uoy/:Sdiy oy pepeojumoa ' ‘vZ02 ‘L£€2860T



LIU ET AL

AGGRESSIVE yA/1| EY 3of12

Hypothesis 1. Passive green space exposure reduces

people's aggression.

Hypothesis 2. Sense of control mediates the relationship
between passive green space exposure and aggression.
Specifically, passive green space exposure reduces

aggression through an increased sense of control.

1.3 | The present research

The current research explored the proposed hypotheses through
two studies conducted with Chinese participants. The selection
of China as the study location was strategic, capitalizing on its
vast and diverse ecological landscape, which provides a unique
opportunity to examine the effects of varying green space
exposure on aggression. Furthermore, the cultural emphasis on
harmony between nature and humanity in Chinese philosophy
aligns closely with our investigation into how environmental
factors influence psychological and social behaviors. Additionally,
the context of China's ongoing urban greening initiatives, which
are subject to debates regarding their economic benefits versus
their health and social advantages, offers a pertinent backdrop
for evaluating the societal impacts of green space development.
This context enhances the relevance of our findings within
current public policy discussions, providing valuable insights into
the broader implications of environmental planning and its role in
public health and social well-being.

Study 1 was designed to investigate the correlation between
passive green space exposure and aggression, employing a cross-
sectional survey approach. This initial phase assessed partici-
pants' levels of passive green space exposure, their sense of
control, and aggression, providing a preliminary evaluation of
Hypotheses 1 and 2.

Study 2 implemented a single-factor between-subjects experi-
mental design to further explore the causal effects of passive green
space exposure on participants' sense of control and aggression. This
study was structured to manipulate passive green space exposure
directly, measuring subsequent changes in sense of control and
aggression to provide robust causal evidence supporting Hypothesis
1 and further testing Hypothesis 2.

Both studies were conducted under the auspices of the
Academic Ethics Committee affiliated with the corresponding
author's institution. This ensured that all research activities adhered
to the highest ethical standards, safeguarding participant welfare and

integrity in research practices.

2 | STUDY 1

We preregistered Study 1 (https://aspredicted.org/QQR_7PY) to test
the mediating role of sense of control in the relationship between

passive green space exposure and aggression.

BEHAVIOR

2.1 | Methodology
2.1.1 | Participants and procedure

We recruited 250 participants from various provinces across China
via the online research platform, Credamo (www.Credamo.com),
which is a member of ESOMAR (the European Society for Opinion
and Marketing Research) and adheres to internationally recognized
standards. Before beginning the study, participants were instructed
on defining green spaces and completed an online consent form.
They then proceeded to respond to scales measuring passive green
space exposure, sense of control, aggression, and additional control
variables. Each participant received a compensation of 10 Chinese
Yuan Renminbi (RMB, approximately $1.39) upon completing the
survey.

To ensure data integrity, four attention-check questions were
integrated into the survey. Participants who failed to answer these
questions correctly were excluded from the analysis. Ultimately, after
removing 10 participants who failed the attention checks (e.g.,
instructions to select “strongly disagree” for a specific item), the final
sample consisted of 240 participants (52.92% male; M,g. = 23.74,
SD = 4.86), with 25 from rural areas and 215 from urban settings.

A post hoc power analysis was conducted using G*Power 3.1
(Faul et al., 2007). The analysis confirmed that our final sample size
provided sufficient statistical power (a =.05, 1-B >.99) to detect the
observed effect sizee (f2=0.35) in a linear multiple regression,

ensuring robustness in testing the study hypotheses.

2.1.2 | Measures

Passive green space exposure

According to previous studies (Markevych et al., 2017; Norwood
etal,, 2019; Shentova et al., 2022), we used a two-item Likert scale to
measure passive green space exposure. The scale contains two
aspects: green degree (e.g., “How green is your community and
surrounding environment, including gardens, trees, parks, and other
natural areas?”), and green views outside the window (e.g., “How
much greenery is visible from the room where you spend most of
your hours at home, including parks, gardens, trees, etc.?”).
Participants were asked to rate on a 10-point Likert scale (1 = little
to 10 = a lot), and the responses of both items (a=.79) were
averaged, with higher scores reflecting a higher level of passive green

space exposure.

Sense of control. We measured the sense of control using the Sense
of Control Scale developed by Lachman and Weaver (1998). This
scale includes 12 items divided into two distinct dimensions: personal
mastery and perceived constraints. Personal mastery, which com-
prises four items, captures an individual's inherent perception of their
effectiveness and competence in achieving set goals. Perceived
constraints, covered by eight items, reflect the extent to which

individuals believe external barriers or factors outside their control
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hinder their goal achievement (Lachman & Weaver, 1998). A sample
item was “When | want to do something, | usually find a way to
succeed.” Participants were asked to rate each item on a 7-point
Likert scale ranging from 1 (completely disagree) to 7 (completely
agree), with items related to perceived constraints undergoing
reverse scoring. The overall score was calculated by averaging the
responses across all items, with a Cronbach's alpha (a) of 0.95. Higher

average scores denote a greater sense of control.

Aggression. We measured aggression with the Buss-Perry Aggres-
sion Questionnaire (Buss & Perry, 1992). The scale contains 29
items and measures the following four dimensions of aggression:
physical aggression (9 items, a = .84, e.g., “| have become so mad
that | have broken things”), verbal aggression (5 items, a=.78,
e.g., ‘| can't help getting into arguments when people disagree
with me”), anger (7 items, a = .88, e.g., “When frustrated, | let my
irritation show”), and hostility (8 items, a =.88, e.g., “| sometimes
feel that people are laughing at me behind my back”). All items
(a=.95) were scored on a 7-point Likert scale, ranging from 1
(strongly disagree) to 7 (strongly agree). We calculated the mean
score for each of the four subscales individually, which provided
distinct scores for physical aggression, verbal aggression, anger,
and hostility for each participant. To compute an overall
aggression score that captures the total tendency toward
aggression, we then averaged these subscale scores. Higher

average scores indicate a higher overall level of aggression.

Control variables. Building on existing research (Aldwin, 1991;
Eagly & Steffen, 1986; Greitemeyer & Sagioglou, 2016), we
selected age, gender, education level, income, and subjective
socioeconomic status (SES) as potential control variables in our
study. The coding for these variables was as follows: gender
(male = 1; female = 2), age, education level (primary school = 1,
junior high school = 2, vocational high school = 3, high school = 4,
college = 5, bachelor's degree = 6, master's degree = 7, PhD
degree = 8), monthly income (no income = 1, lower than 2000
RMB =2, 2001-8847 RMB =3, 8848-15,000 RMB =4, 15001-
20,000 RMB =5, 20,001-40,000 RMB = 6, higher than 40,000
RMB =7), and SES. SES was assessed using the MacArthur Scale
of Subjective Social Status (Adler et al., 2000).

TABLE 1 Summary of model fit indices in Study 1.
Models X2(df) CFI
M1: Hypothesized three-factor model 32.446 (13) 0.982
M2: Two-factor Model 178.854 (15) 0.851
M3: Two-factor Model 80.917 (16) 0.941
M4: Two-factor Model 164.491 (15) 0.864
M5: Single-factor model 179.002 (16) 0.851

2.2 | Results and discussion

2.2.1 | Common method bias test

We conducted confirmatory factor analyses to test whether the self-
reported variables of the participants were affected by common
method bias (Podsakoff et al., 2003). The results (Table 1) found that
the three-factor model, where each construct is treated as separate,
exhibited a significantly better fit compared to all alternative models
where constructs were combined or treated as a single factor. This
significant differentiation among the models supports the conclusion
that common method bias does not pose a substantial issue for the
validity of our findings in Study 1.

2.2.2 | Correlation analysis

The descriptive statistics and correlations between variables are
reported in Table 2. Passive green space exposure was significantly
and negatively correlated with aggression (r=-0.25, p <.01), which
support Hypothesis 1. Passive green space exposure was significantly
and positively correlated with a sense of control (r=0.30, p <.001).
Sense of control was highly correlated with aggression (r=-0.71,
p <.001).

In addition, SES showed a significant correlation with passive
green space exposure (r=0.21, p <.01), sense of control (r=0.22,
p <.001), and aggression (r=-0.17, p <.01). Gender, age, and other
control variables did not exhibit significant correlations with the key
study variables in Study 1.

2.2.3 | Mediating effect of sense of control

The mediating effect of sense of control on the relationship between
passive green space exposure and aggression was analyzed using
Mplus software, incorporating SES as the sole control variable.

The structural equation modeling results (see Figure 1) demon-
strated a good fit to the data: )(2 (18) =44.351, p < .001; CFl = 0.976;
RMSEA = 0.078 with a 90% ClI = [0.049, 0.107]; and SRMR = 0.041.
The total effect of passive green space exposure on aggression was

LI RMSEA SRMR |ACFI| |ARMSEA|
0.962 0.079 0.028

0.721 0.213 0.181 0.131 0.134
0.896 0.130 0.069 0.041 0.51
0.745 0.204 0.104 0.118 0.125
0.740 0.206 0.107 0.131 0.127

Note: ACFl and ARMSEA represent the model fit difference between the hypothesized three-factor model and the other alternative models. M2: passive
green space exposure and sense of control were combined; M3: sense of control and aggression were combined; M4: passive green space exposure and

aggression were combined.
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FIGURE 1 The mediation effect of sense of control (Study 1). The above path coefficients were all standardized. Black solid lines indicate
that the pathways were significant. SES was used as a control variable but is not shown in the figure. **p <.01, ***p <.001.

found to be negative and significant (B =-.249, 95% Cl = [-0.405,
-0.098]). The indirect effect between passive green space exposure
and aggression through the sense of control was significant
(B=-0.198, 95% CI = [-0.335, —-0.080]), while the direct effect was
not significant (8=-0.051, 95% Cl = [-0.161, 0.033]). Specifically,
passive green space exposure was positively related to sense of
control (B=.239, 95% Cl = [0.093, 0.394]), and a higher sense of
control was associated with lower levels of aggression (8 =-.830,
95% Cl = [-0.946, -0.716]). These results supported Hypothesis 2.

It is important to clarify that a power analysis to determine the
required sample size was not conducted before Study 1; rather, a
post-hoc power analysis was performed after the completion of the
study. Despite this procedural sequence, the results from Study 1
suggest that the sample size was, indeed, sufficient to detect

significant effects.

3 | STUDY 2

Study 1 supported the main effect of passive nature exposure on
aggression (Hypothesis 1) and the mediating role of a sense of control
(Hypothesis 2). Based on this, we preregistered Study 2 (https://
aspredicted.org/5CF_P2G), was designed to further investigate the
causal relationship between passive green space exposure and
aggression, and to examine the mediating role of sense of control
in this relationship.

Furthermore, Study 2 also aims to exclude an alternative
mechanism, that is, perceived SES. This approach was informed by
preliminary findings suggesting that areas with higher SES tend to
have more abundant and higher-quality green spaces (Ghanem &
Edirisinghe, 2024). Such conditions may lead participants to perceive
individuals residing in areas with plentiful green spaces as having
higher SES compared to those in areas with less greenery. Prior
research indicates that individuals with higher SES typically exhibit
lower levels of aggression compared to those with lower or middle
SES (Greitemeyer & Sagioglou, 2016). Accordingly, this facet of the
study was designed to explore whether perceived SES acts as a

confounding variable, potentially mediating the relationship between

passive green space exposure and aggression.

3.1 | Methodology
3.1.1 | Participants and procedure

We conducted an a priori power analysis using G*Power 3.1 (Faul
et al., 2007) to determine the required sample size for detecting the
effect of passive green space exposure on aggression. This analysis
indicated that a sample of 260 participants would provide adequate
power (8 = .80) to detect a small to medium effect size (d = 0.35) using
a t-test (two-tailed). Subsequently, we collected 260 valid question-
naires (58.8% female; M,ge = 31.79, SD = 7.61) via the online platform
“Credamo,” after excluding participants who failed at least one
attention check question. The sample included 29 individuals from
rural areas and 231 from urban settings.

The study utilized a one-way between-subjects design to
compare high versus low passive green space exposure conditions.
Participants were randomly assigned to either the high exposure
group (130 participants) or the low exposure group (130 participants).
Following assignment, participants completed scales measuring their
sense of control and aggression, enabling us to assess the direct
impact of green space exposure on these variables.

3.1.2 | Measures

Manipulation of passive green space exposure

Participants were randomly assigned to one of two groups, each exposed
to distinct scenarios through images and accompanying text that
portrayed different levels of passive green space exposure within a
hypothetical community (see Figure 2). The scenarios were presented as
part of a visualization exercise in which participants were instructed to
imagine living in the depicted environment for 5 years. In the high
exposure condition, the imagery and narrative encouraged participants to
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FIGURE 2 The pictures of two conditions of passive green space exposure level. (a) high passive green space exposure; (b) low passive green

space exposure. [Color figure can be viewed at wileyonlinelibrary.com]

envision living in a community richly endowed with lush, year-round
vegetation. The description suggested they could look out their window
at any moment to see a vibrant and verdant landscape. Conversely, in the
low exposure condition, participants were prompted to imagine residing
in a community where green spaces were scarce and the environment
was largely barren. The view from their window, as described, would
primarily include a nondescript building, gray roads, and a variety of
vehicles, with minimal vegetation. Following the exposure to these
scenarios, participants were asked to write a brief statement (30-50
words) reflecting their feelings about living in the described community.
Subsequently, they completed a manipulation check by rating the
perceived level of passive green space exposure on a scale from 1 (very

low) to 10 (very high), to confirm the effectiveness of the manipulation.

Sense of control
The Sense of Control scale used in Study 2 was retained in Study
1 (a=.97).

Aggression

To measure aggression, we used a set of vignettes created by
Tremblay and Belchevski (2004) that were designed to simulate
provocative scenarios in which participants could envision
themselves. Three scenarios consisted of three distinct vignettes
representing varying levels of provocation: Unintentionally,
ambiguously, and intentionally. Each vignette aimed to provoke
different levels of aggressive responses, influenced by the
perceived intent and intensity of the provocation: (1)
Unintentional Provocation Vignette: “A group of teenagers are
playing Frisbee in the park. The Frisbee hits you in the nose really
hard. One of the teenagers runs over to you to see if you're ok.”
(2) Ambiguous Provocation Vignette: “You are carrying a heavy
load of groceries up to a check-out line at the grocery store and
just as you are about to enter in line, someone cuts in front of
you. You end up dropping some things on the floor.” (3)
Intentional Provocation Vignette: “You are at the movies with

your friends, and some teenagers behind you keep kicking the
back of your seat. One of your friends gives them a dirty look, but
they continue kicking your seat even harder.”

After reading each vignette, participants responded to six questions
measuring their likelihood of reacting aggressively. They rated their
responses on a scale from O (not likely at all) to 10 (extremely likely). The
six items were: (1) “To what extent would you feel angry in the situation
described?” (2) “To what extent would you show your anger to him/her in
the situation?” (3) “To what extent would you be rude to him/her in the
situation?” (4) “To what extent would you yell at or curse the other person
in the situation?” (5) “If the situation was not resolved, to what extent
would you threaten him/her?” (6) “If the situation was not resolved, to
what extent would you use physical force (e.g., pushing or grabbing)?”
Each participant's aggression score was calculated as the average of their
responses to the six items, with possible scores ranging from O (not likely
at all) to 10 (extremely likely). The overall score was obtained by
averaging the responses across the six questions, resulting in a Cronbach's
alpha (a) of .92. Higher average scores indicate a greater propensity for

aggression.

Perceived SES

Perceived SES was assessed by asking participants in both the high
and low passive green space exposure conditions to estimate their
SES in the given scenario using the MacArthur Scale of Subjective
Social Status (Adler et al., 2000).

3.2 | Results and discussion

3.2.1 | Passive green space exposure
manipulation test

One-way analysis of variance (ANOVA) demonstrated significant
differences between the two conditions on the passive green space
exposure manipulation check items, F (1,259) = 4046.766, p <.001,
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n?=0.94. Participants in the high passive green space exposure
condition perceived higher levels of passive green space exposure
(M=8.76, SD =1.00) compared to participants in the low passive
green space exposure condition (M =2.07, SD = 0.65). These results
indicates that the manipulation of passive green space exposure was

effective.
3.2.2 | Effect of passive green space exposure on
aggression

The ANOVA further indicated significant differences in aggression
between the two conditions, F (1,259)=91.998, p <.001, n?=0.26.
Participants in the high passive green space exposure condition
reported lower aggression (M =4.00, SD = 1.46) than those in the low
passive green space exposure condition (M =5.92, SD =1.75). This
suggests that higher exposure to green spaces is associated with
reduced aggression. These results demonstrate that individuals
exposed to higher levels of passive green spaces exhibit reduced

aggression, thereby supporting Hypothesis 1.

3.2.3 | Correlation analysis

The descriptive statistics and correlations between variables are

reported in Table 3. Manipulation group was significantly correlated

with aggression (r=-0.51, p <.001) and sense of control (r=0.62,
p <.001). Sense of control was significantly correlated with aggres-
sion (r=-0.57, p <.001). In addition, perceived SES was significantly
correlated with manipulation group (r=0.79, p <.001), the sense of
control (r=0.68, p <.01), and aggression (r=-0.49, p <.001).

3.24 | Mediating effect of sense of control

The mediating effect of sense of control on the relationship between
passive green space exposure and aggression was examined using
SPSS 23. The results (see Figure 3) showed that mediating effect of
sense of control was significant (Bindirect effect = -0.26, SE =0.05,
p <.001, 95% Cl = [-0.36, 0.17]). These results supported Hypothesis
2, indicating that sense of control mediated the relationship between

passive green space exposure and aggression.

3.2.5 | Additional analysis: Mediating effect of sense
of control and perceived SES

The mediating effect of sense of control and perceived SES on the
relationship between passive green space exposure and aggression
was examined using SPSS 23. Treating sense of control and perceived
SES as parallel mediators, the results showed that mediating effect of

sense of control was significant (Bindirect effect = —-0.25, SE =0.05,

TABLE 3 Descriptive statistics and correlations of variables in Study 2.

M SD 1

1. Manipulation Group - - -

2. Sense of Control 4.59 1.62 0.62***

3. Personal Mastery 4.82 1.57 0.62***

4. Perceived Constraints 4.48 1.69 0.61***

5. Aggression 4.96 1.87 -0.51***

6. Perceived SES 5.41 191 0.79***

Abbreviation: SES, socioeconomic status.
* p<.05; ** p<.01; ***p <.001.

2 3 4 5

0.96*** -

0.99*** 0.91*** =

-0.57*** -0.53*** -0.58*** -

0.68*** 0.69*** 0.66*** -0.494***

Sense of Control

.62

Passive Green

Total effect: f=-.51, 95%CI = [-.61, -.48]
Indirect effect: f = -.26, 95%CI = [-.36, -.17]

Space Exposure

Direct effect: f = -.25, 95%CI = [-.38, -.13]

Aggression

FIGURE 3 The mediation effect of sense of control (Study 2). The above path coefficients were all standardized. ***p <.001. [Color figure

can be viewed at wileyonlinelibrary.com]
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p<.001, 95% Cl = [-0.36, 0.16]), while the mediating effect of
perceived SES was nonsignificant (Bingirect effect = —0.03, SE =0.07,
p=.72,95% Cl = [-0.18, 0.11]). These results supported Hypothesis
2, indicating that sense of control mediated the relationship between
passive green space exposure and aggression, while the alternative
mediator, that is, perceived SES, was excluded.

4 | GENERAL DISCUSSION

Green space exposure is widely recognized for its positive
impacts on physical and mental health, but its influence on social
behavior has been less explored. Our study extends this body of
research by investigating how passive green space exposure can
mitigate aggression. In Study 1, we found correlational evidence
supporting our first hypothesis, demonstrating a negative
relationship between passive green space exposure and aggres-
sion. This finding was further substantiated by Study 2, which
provided causal evidence that passive green space exposure can
effectively reduce aggressive behaviors. This aligns with previous
research indicating that higher vegetation density in urban areas
correlates with lower violent crime rates (Eugenia et al., 2013;
Kuo & Sullivan, 2001). Additionally, research on adolescents has
shown a significant association between the presence of vegeta-
tion around schools and reduced aggression among students
(Zhang et al., 2023).

Our research presents a novel approach to reducing aggression
through environmental design. Traditionally, interventions to mitigate
aggression have focused on modifying social environments, such as
improving family dynamics, peer interactions, and living conditions
(Fiske et al., 2010). However, these strategies can be challenging to
implement effectively and may not always be cost-efficient for
policymakers. Our findings emphasize the critical role of natural
environments in this context, suggesting that residing in vegetated
areas can significantly lower aggression levels. The implications of our
results are profound for societal and governmental decision-making.
They suggest that urban and environmental planning that incorpo-
rates green spaces could be a strategic approach to address
aggressive behaviors, offering a practical and potentially cost-
effective solution for enhancing public safety and well-being.

Additionally, the current study illuminates the mediating role of
the sense of control in the relationship between passive green space
exposure and aggression (Hypothesis 2). It suggests that passive
exposure to green spaces may mitigate aggression by enhancing
individuals' sense of control. The concept of sense of control, which
refers to an individual's perceived influence over events and
outcomes, does not always equate to actual control (Haggard &
Tsakiris, 2009). In other words, feeling in control is distinct from
having control, as negative experiences can substantially reduce one's
perceived control (Thompson et al., 1993), yet individuals with a
robust sense of control are often better equipped to manage the
aftermath of such experiences (Ross & Mirowsky, 2013). For

instance, research by Ren et al. (2018) illustrates that while social
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exclusion generally triggers aggression, opportunities to regain
control can significantly reduce such aggressive responses, aligning
excluded individuals' behaviors with those of their non-excluded
peers. This finding underscores the potential for environmental
design to enhance the sense of control, thereby offering a strategic
avenue to mitigate various negative social behaviors.

Furthermore, our study contributes to the expansion of
compensatory control theory by providing empirical evidence that
passive green space exposure can serve as an effective means for
individuals to restore a sense of control, thereby potentially reducing
aggressive behaviors. This finding reinforces the core premise of the
theory, which posits that individuals seek alternative methods to
regain control when it is perceived to be under threat (Landau
et al., 2015). Additionally, our results underscore the psychological
benefits of green spaces, as evidenced by the work of Bratman et al.
(2019). Our research uniquely contributes to the discourse by
illustrating how urban planning and environmental design that
incorporate green spaces can be employed strategically to enhance
societal well-being and mitigate aggression. This approach offers a
novel perspective on addressing psychological and social challenges
through environmental influences, thereby enriching the under-

standing of how environments can impact human behavior.

4.1 | Limitations and future directions

The current study's focus on Chinese participants presents certain
limitations, particularly in understanding how the influence pathways
identified are shaped by unique cultural characteristics inherent to
Chinese society. The sense of control, which varies significantly
across cultures, is central to this discussion. For example, in Western
countries characterized by individualistic values such as the United
States, a strong sense of control is often linked to greater happiness
and health. In contrast, in collectivist cultures like Japan, the impact
of sense of control on these outcomes tends to be less pronounced,
as documented by Kitayama et al. (2010). This variation may stem
from fundamental differences in how control is perceived across
different cultures; for instance, research indicates that Japanese
individuals typically perceive less personal control compared to their
British counterparts (O'Connor & Shimizu, 2002). Given the
complexity of these cultural nuances, it is crucial for future research
to engage in multi-country studies that cover a broad spectrum of
cultural values. This approach would enhance the generalizability of
our findings, allowing for a more comprehensive understanding of the
effects of passive green space exposure on aggression across diverse
cultural settings.

Additionally, while our study has highlighted the mediating role
of the sense of control between passive green space exposure and
aggression, it is important to recognize that other internal mecha-
nisms could also significantly influence this relationship. Future
research should explore additional potential mediators, such as
the influence of awe—a profound emotional response to stimuli that

are perceived as vast and surpass one's current understanding of the
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world (Keltner & Haidt, 2003). Exposure to natural environments
often evokes feelings of awe, which various studies have shown can
significantly impact human behavior. For instance, research has
demonstrated that walking in natural settings can trigger awe (Ballew
& Omoto, 2018; Lopes et al., 2020), which has been associated with a
reduction in aggressive behaviors (Yang et al., 2016). Investigating
the role of awe and other similar emotional responses could provide
deeper insights into the complex interplay between environmental
factors and human behavior. Such research would not only validate
the findings from our current study but also expand our under-
standing of the various mechanisms through which passive exposure
to green spaces can influence psychological and social outcomes.

Furthermore, our study did not investigate potential moderating
variables that could enhance the effectiveness of passive green space
exposure in reducing aggression. Understanding such factors could
provide more comprehensive strategies for policymakers and urban
planners. One promising moderating variable is openness to
experience—a personality trait characterized by a willingness to
embrace new ideas, experiences, and environments (McCrae &
Greenberg, 2014). Individuals with high levels of openness often seek
novelty, value diversity, and are more attuned to beauty in both
natural and artificial settings (Feist & Brady, 2004; McCrae &
Costa, 1997). Consequently, these individuals may experience a
stronger connection to diverse and novel natural environments,
which could lead to enhanced benefits, including a greater sense of
control and a reduction in aggression. Thus, exploring the moderating
role of openness to experience could significantly expand the scope
of our findings. It would not only deepen our understanding of the
mechanisms through which green spaces impact human behavior but
also assist in designing targeted interventions that leverage person-
ality traits to maximize the benefits of urban green spaces.

In addition to its core findings, our study presents passive green
space exposure as a potential systemic strategy to mitigate the
effects of heat on aggression. The correlation between increased
temperatures and elevated levels of aggression has been well-
documented, with scholars suggesting that heat acts as a catalyst for
aggressive behaviors both at individual and systemic levels (Miles-
Novelo & Anderson, 2019, 2022). Our research indicates that urban
green spaces could serve as vital buffers against the stressors
induced by climate change, thereby underscoring the significant role
of urban environmental design in public health and social welfare
strategies. This perspective aligns with the notion that thoughtful
environmental design is crucial in combatting climate-related
increases in aggression, as explored by Anderson and Delisi (2011)
in their study of environmental factors affecting aggressive
behaviors.

Recognizing the limitations of our study's geographic focus and
cross-sectional design, we advocate for future research to explore
the longitudinal effects of green space exposure across diverse
climates and cultures. Additionally, we recommend incorporating
objective environmental measures, such as urban heat island
intensity, to deepen the understanding of these complex interactions.

This approach not only amplifies the impact of our findings but also

encourages a multidisciplinary exploration of systemic solutions to
the psychological and social challenges posed by global warming.
Such studies could provide more definitive evidence on the role of
green spaces in mitigating the adverse effects of climate change on
human behavior.
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Abstract

Introduction: Following the conservation of resource theory and natural stress
reduction theory, the current study investigated mediated pathways, reverse mediated
pathways, and reciprocal pathways between connectedness to nature, depressive
symptoms, and adolescent learning burnout via a half-longitudinal analysis, and
discussed gender differences in the three models.

Methods: Two waves of data were collected in December 2022 (T1) and June 2023
(T2) for this study. The sample consisted of 1092 Chinese adolescents (52.20% girls,
M,ge = 13.03, SD = 1.43). Semi-longitudinal analyses were conducted to examine the
relationship between connectedness to nature, depressive symptoms, and adolescent

academic burnout.

Results: The results indicated that connectedness to nature can serve as a positive
resource to alleviate the levels of depressive symptoms among adolescents and thereby
decrease learning burnout. However, the protective effect of connectedness to nature
was smaller, and the decreasing effect of learning burnout on connectedness to nature
was stronger than the alleviating effect of connectedness to nature on learning
burnout. Additionally, the study found that depressive symptoms and academic
burnout have a mutually reinforcing effect over time and that the effects of this
interaction are more pronounced in females.

Conclusions: The present study emphasizes the protective role of nature connected-
ness and the detrimental effects of learning burnout in adolescents.

Universities, Grant/Award Number: BLX202238;
Beijing Municipal Educational Science Planning
Project, Grant/Award Number: BJAA22064

KEYWORDS
connectedness to nature, depressive symptoms, learning burnout, longitudinal study

1 | INTRODUCTION

Adolescents are in an important period of cognitive development, and academic stress is one of the sources of stress for
adolescents that can easily lead to learning burnout (Jiang et al., 2021). Learning burnout, a state of exhaustion due to
academic pressure, is a common psychological phenomenon prevalent in Asia and Europe (Gabola et al., 2021; Gao, 2023;
Kinnunen et al.,, 2016; Lee et al.,, 2020). Learning burnout is more prominent among Chinese adolescents than in other
countries (Lacombe et al., 2023). In 2020, the China Care for the Next Generation Working Committee conducted a survey
on learning burnout in primary and secondary schools. The findings indicated that more than 30% of primary school
students experienced learning fatigue, while the percentage increased to more than 70% among secondary school students,
reflecting a higher prevalence of learning burnout (Gao, 2023). Learning burnout is known to be associated with various
negative consequences, such as heightened levels of depression and anxiety, physical symptoms, internet addiction, and a
greater likelihood of school dropout (Li et al., 2023; Qin et al., 2023; Walburg, 2014). Depression is now the most common
psychological problem among adolescents. Previous research has indicated that adolescents with higher levels of depression
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may also experience higher levels of learning burnout (Baptista et al., 2022). Negative emotions are often not conducive to
creating a positive and favorable learning atmosphere. As a result, adolescents may lack the energy and enthusiasm needed to
cope with their daily academic tasks.

There may exist a significant association between connectedness to nature, depressive symptoms, and adolescent learning
burnout. Connectedness to nature refers to the degree of emotional and experiential connection and identification
individuals have with the natural world (Mayer & Frantz, 2004). Previous studies indicated a negative correlation between
nature connectedness and academic burnout (Vermeesch et al., 2022; Wang et al., 2023). Moreover, as proposed in the study
conducted by Sterckx et al. (2021), connectedness to nature has the potential to serve as a restorative factor in burnout
interventions, implying a potential positive influence of connectedness to nature in reducing adolescent learning burnout.
The beneficial outcomes of nature connectedness primarily manifest through the positive impact of natural elements on the
physical and mental health of individuals (Garza-Teran et al., 2022; Yang et al., 2017). Extensive evidence also demonstrates
that a high level of connectedness to nature has the potential to improve cognitive functioning, alleviate symptoms of
depression and anxiety, and enhance overall life satisfaction, among various other benefits (Joschko et al., 2023; Maes
et al., 2021; Pasanen et al., 2018; White et al., 2019, 2021; Yin et al,, 2020). However, it is important to note that the
longitudinal design is lacking, which hinders our ability to establish causality or determine the long-term effects, as well as
the underlying mechanisms. This study will use a longitudinal design approach to deepen our understanding of how natural
connections influence adolescents' academic performance and the role of depressive symptoms in this.

1.1 | Connectedness to nature and learning burnout

Previous studies have found that nature connectedness influences academic performance in adolescents (Carver et al., 2022;
Kuo et al,, 2021; Rahai et al, 2023). Even after controlling for socioeconomic factors, the presence of the green space
surrounding the school positively predicted student academic achievement. Specifically, schools with more green space
demonstrated significantly higher school-wide academic achievement compared to schools with less green space (Kuo
et al., 2021). Ulset et al. (2022) further illustrated the impact of nature on learning performance. Their 10-year follow-up
study of 555 children aged between 12 and 78 months concluded that exposure to nature could indirectly influence an
individual's subsequent academic performance in at least two ways. First, through the cognitive pathway, it promotes the
development of brain structures, improves working memory, and reduces inattention. Second, through the social pathway, it
enhances pro-social behaviors and facilitates interpersonal interactions in young children. Furthermore, previous research
revealed that medical students who spent a minimum of 120 min per week in natural environments were able to effectively
alleviate their learning burnout (Vermeesch et al., 2022). Moreover, inspired by the study of Dong and Geng (2023), in which
resource loss was extended to the condition of natural contact resources, connectedness to nature may be also suitable to be
considered as a kind of resource. According to the conservation of resource theory (COR), an individual's possession and
maintenance of various resources (such as time, money, mental health, optimism, social support, work environment, and
other physical, conditional, individual characteristics, and energy resources) predict their stress levels and optimal
functioning. When an individual experiences a loss of these resources or an imbalance in them, it results in their inability to
adapt effectively to life, leading to a negative state similar to burnout (Alarcon et al., 2011; Hobfoll et al., 2015, 2018). Dong
and Geng (2023) emphasized that the absence of natural resources can have detrimental effects on other resources, thereby
impacting the mental health of adolescents. These studies suggest that engaging with nature may help individuals prevent
resource depletion, resulting in improved learning outcomes. However, there have been limited studies exploring the impact
of natural connections on adolescent learning burnout, and longitudinal investigations on this topic are scarce. Therefore, the
primary objective of this study is to elucidate the relationship between connectedness to nature and learning burnout through
a longitudinal design.

1.2 | The mediating role of depressive symptoms

The natural environment provides a conducive setting for individuals to alleviate their emotional state. According to the
natural stress reduction theory (SRT), exposure to non-threatening natural stimuli triggers psychophysiological responses
that reduce stress and elicit pleasant feelings by diminishing the sensitivity of the nervous system (Ulrich et al., 1991).
Previous studies have examined the association between connectedness to nature and depressive symptoms. In a recent meta-
analysis conducted by Coventry et al. (2021), nature-based interventions were found to have a significant positive impact on
alleviating depressive symptoms across both patient and non-patient populations. Furthermore, the researchers identified
that the primary mechanism through which nature influences depressive symptoms is by enhancing restorative experiences
that facilitate an individual's recovery from stress and negative influences (Meuwese et al.,, 2021). In short, establishing a
connection with nature has the potential to aid individuals in their recovery from depressive symptoms.
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According to COR, an individual's mental health plays a significant role in the development of burnout. In a study
conducted by Chiu et al. (2015) investigating the prevalence of burnout among individuals with depression, it was found that
burnout was more prevalent in this particular group. Multiple regression analysis revealed that depressive symptoms
accounted for 48% of the variance in burnout scores. Considering the link between burnout and learning burnout, it can be
hypothesized that depressive symptoms also influence the occurrence of learning burnout. A previous study found that
depressive symptoms were a significant predictor of the developmental trajectory of learning burnout among adolescents
(Lee & Lee, 2018). Specifically, individuals who experienced depressive symptoms tended to exhibit higher levels of learning
burnout over time.

In summary, the integration of the COR and SRT suggests that the alleviation of learning burnout through nature
connectedness can be attributed to nature's restorative effect on emotions. This effect may help adolescents preserve their
emotional resources and, consequently, reduce the occurrence of learning burnout. Accordingly, the purpose of this study
was to examine the role of depressive symptoms in the relationship between nature connectedness and learning burnout
among adolescents using a longitudinal design. Furthermore, considering adolescent development, Sameroff and Mackenzie
(2003) proposed a transactional model that highlights the dynamic and interactive relationship between individuals and their
external environment over time. Thus, it is essential to study not only the one-way relationships between variables but also
the reciprocal influences. To get a more complete picture of the relationship among the three variables, this study also
explored the reverse effect of adolescent academic burnout on natural connections through depressive symptoms and
examined whether there was a causal relationship between the three variables.

When collating previous research, it was found that girls exhibited significantly higher levels of depressive symptoms and
academic burnout compared to boys (Salk et al., 2017; Vansoeterstede et al., 2023). Additionally, Xiang et al. (2022)
discovered that the link between nature contact and mental health was stronger for girls in terms of adolescent nature
connection. Consequently, this study also explored whether there are any gender differences in the relationship between
connectedness to nature, depressive symptoms, and learning burnout.

1.3 | The current study

Recent cross-sectional studies have established a connection between nature connectedness and adolescent learning burnout
(Vermeesch et al., 2022; Wang et al., 2023). However, there is a scarcity of research examining the longitudinal pathways
between nature connectedness and learning burnout, as well as the reverse and reciprocal pathways. Drawing upon the COR,
SRT, and the transactional model, the current study aimed to investigate the influence of nature connectedness on learning
burnout through depressive symptoms in adolescents, as well as the reverse influence, and whether these influences are

reciprocal. It also discussed gender differences in the model. The study aimed to examine four hypotheses:

H1: Connectedness to nature predicts depressive symptoms longitudinally, which subsequently predicts learning
burnout in adolescents (Figure la).

H2: Adolescents learning burnout has a reverse effect on nature connectedness through depressive symptoms over
time (Figure 1b).

H3: There exists a reciprocal relationship among the three variables over time (Figure 1c).

H4: There are significant differences between genders in the mediation model, reverse mediation model, and
reciprocity mediation model.

%
-

mediation model(M1) reverse mediation model(M2) reciprocity mediation model(M3)

FIGURE 1 The hypothesized models to be tested in the study (a—c). ASBI, adolescent student burnout inventory; CNS, connectedness to nature;
De, depressive symptoms; T1, Time 1; T2, Time 2.
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Additionally, the study accounted for participants' gender, age, parental education, type of household, and household
income level in all three models. This consideration was based on prior research indicating correlations between these factors
and the variables under investigation (Horoz et al., 2022; Salk et al., 2017; Turhan et al, 2023; Walburg, 2014; Zhou
et al., 2018).

2 | METHODS
2.1 | Participants

Participants were committed as part of an ongoing longitudinal research project that focuses on adolescents' mental
health. The participants were from primary and secondary schools in Shandong Province, Hunan Province, and
Chongqing, China. The participants comprised fourth and fifth-grade students in primary school and seventh and
eighth-grade students in secondary school. There were 1543 participants at T1 (50.60% girls; mean age was
12.73 £ 1.53 years old) and 1614 participants at T2 (50.40% girls; mean age was 13.30 + 3.74 years old). At each time
point, the participants were excluded due to temporary absence or short response time. Thus, A total of 1092
participants (52.20% girls) ranging from 10 to 16 years old (M =13.03, SD =1.43) were incorporated into the final
sample. The attrition rate from T1 to T2 was 29.23%. We conducted Little's missing completely at random test to
check the pattern of the missing data. The results showed that the data was missing at random (y” = 1089.20, p <.01).
The missing data was handled using full information maximum likelihood. The demographic information is
presented in Table 1.

2.2 | Procedures

All methods and procedures were approved by the university's research ethics committee before beginning data
collection. All participants, including children, parents, and teachers, consented to participate in the study, and
informed consent was obtained. Informed consent from parents was obtained through the classroom teacher, who
distributed an online link via WeChat groups. The questionnaires were administered in an online format. Two waves
of data were collected in December 2022 (T1) and June 2023 (T2). There was a semester in the 6-month interval
between T1 and T2.

TABLE 1 Demographic information of the sample.

Demographic information Level Percentage (%)
Fathers' education Junior middle school or blow 83.20
Senior middle school 15.60
Bachelor's degree or higher 1.20
Mothers' education Junior middle school or blow 86.00
Senior middle school 12.10
Bachelor's degree or higher 1.90
Monthly household income (yuan) <2000 18.59
2000-5000 55.22
5000-10,000 21.98
10,000-30,000 3.75
>30,000 0.46
Grade Fourth grade 17.40
Fifth grade 14.70
Seventh grade 35.30
Eighth grade 32.60
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2.3 | Measures

2.3.1 | Connectedness to nature scale (CNS)

The CNS is a 14-item self-report instrument assessing their feelings of closeness with nature (Mayer & Frantz, 2004). Each
item is rated on a 5-point Likert scale ranging from 1 (strongly agree) to 5 (strongly disagree). The CNS has been
demonstrated to have good reliability and validity in Chinese samples (Li & Wu, 2016). For the present sample, the
Cronbach's a was .82 at both T1 and T2. The CNS scale showed an acceptable model fit (T1: y*/df = 6.67, root mean square
error of approximation [RMSEA] = 0.07, comparative fit index [CFI] = 0.95, Tucker—Lewis index [TLI] = 0.93, standardized
root mean square residual [SRMR] = 0.04; T2: y*/df = 6.90, RMSEA = 0.07, CFI = 0.95, TLI = 0.94, SRMR = 0.05).

2.3.2 | Depression anxiety stress scales-21 (DASS-21)

The DASS-21 is a 2l-item self-report instrument measuring the emotional state of depression, anxiety, and stress
(Lovibond & Lovibond, 1995). The scale includes three subscales: depression (seven items), anxiety (seven items), and stress
(seven items). Each item is rated on a 4-point Likert scale ranging from 0 (did not apply to me at all) to 3 (applied to me very
much or most of the time). The DASS-21 has been shown to have good reliability and validity in Chinese samples
(Wen et al,, 2012). Only the depression subscale was used in this study. In this sample, the Cronbach's « was .91 at both T1
and T2. The DASS-21 scale had an acceptable model fit (T1: Xz/df: 4.46, RMSEA = 0.06, CFI = 0.99, TLI = 0.99, SRMR = 0.02;
T2: y*/df=6.63, RMSEA = 0.07, CFI = 0.99, TLI = 0.98, SRMR = 0.02).

2.3.3 | Adolescent student burnout inventory (ASBI)

This instrument is composed of 16 items that evaluate academic burnout in adolescents (Wu et al., 2010). The scale consists
of three dimensions: exhaustion (four items), learning cynicism (five items), and reduced efficacy (seven items). Each item is
assessed on a 5-point Likert scale ranging from 1 (did not apply to me at all) to 5 (applied to me very much or most of the
time). In this sample, the Cronbach's « was .82 at T1, and the Cronbach's o was .84 at T2. The ASBI scale had an acceptable
model fit (T1: y*/df=6.97, RMSEA = 0.07, CFI = 0.92, TLI = 0.90, SRMR = 0.07; T2: y*/df = 6.82, RMSEA = 0.07, CFI = 0.93,
TLI=0.92, SRMR = 0.07).

2.4 | Data analysis

To obtain an initial overview of the variables, preliminary analysis, including descriptive statistics and Pearson's correlation,
were conducted with the SPSS22.0. Then, considering that we collected two waves of data, a half-longitudinal analysis
using structural equation modeling (SEM) was performed with Mplus7.4 (Cole & Maxwell, 2003). We conducted a
half-longitudinal analysis to test for causal mediation between the relevant constructs.

In the SEM, we used participants' gender, age, parental education, type of household, and household economic income
level as control variables. Then we first computed the mediation model (M1: CNS-De-ASBI) of our main interest utilizing a
half-longitudinal analysis. The indirect effect of CNS on ASBI was tested by the Sobel test. Meanwhile, to completely clarify
the relationship between the variables, we tested the reverse mediation model (M2: ASBI-De-CNS) and the reciprocity
model. Finally, we examined whether there were differences across gender on the three models.

Additionally, the model fit was assessed using a few indices: the CFI, the TLI, the SRMR, and the RMSEA. For large
samples, CFI above or equal to 0.90 are acceptable, and SRMR and RMSEA below or equal to 0.08 are acceptable.

3 | RESULTS

3.1 | Descriptive statistics and correlations

Sample sizes, means, SDs, and intercorrelations for the three variables at T1 and T2 are shown in Table 2. Specifically, on both
measures, connectedness to nature was significantly negatively correlated with depressive symptoms (rr; =—.12, p <.01, rp, =11,

p <.01), connectedness to nature was significantly negatively correlated with learning burnout (r; = -.37, p <.01, rr, =-.35, p <.01),
and depressive symptoms were significantly positively correlated with learning burnout (rr; = .50, p <.01, rr, =.56, p <.01).
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TABLE 2 Descriptive statistics and inter-factor correlations.

Variables N M+SD 1 2 3 4 5 6
Whole sample 1. CNS-T1 1092 47.62+9.12 -

2. De-T1 1092 3.52+4.11 —.12*%* -

3. ASBI-T1 1092 42.42 +£10.20 —.37** .50%* -

4. CNS-T2 1092 47.22£9.26 31 —.12** =27 -

5. De-T2 1092 3.59+421 —.17** 384* 40%* - 11 -

6. ASBI-T2 1092 42.27 £11.26 —.19%* .35%* 57 —.35%% 56%* -
Male 1. CNS-T1 522 47.20 £9.60 -

2. De-T1 522 3.36+3.99 —.12** -

3. ASBI-T1 522 42.12 £10.04 —41% A1 -

4. CNS-T2 522 47.11£9.79 .30%* —.14*%* -.30%* -

5. De-T2 522 3.20+3.87 —.20%* 28%* 344 -.09* -

6. ASBI-T2 522 41.45+10.78 =24 22%* 55%* -39 48** -
Female 1. CNS-T1 570 48.01 + 8.66 -

2. De-T1 570 3.68 +4.23 —.13%* -

3. ASBI-T1 570 42.70 £10.34 —.33%* 574 -

4. CNS-T2 570 47.33 £8.75 33 -.10* —.25% -

5. De-T2 570 3.95+4.48 —.14%* A45%* A44* —.14%* -

6. ASBI-T2 570 43.02+11.64 -.16%* 44 594 —.32%* 61 -

Abbreviations: ASBI, adolescent student burnout inventory; CNS, connectedness to nature; De, depressive symptoms.

*p<.05.
*p<.01.

TABLE 3 Fit indices of these tested models.

Model X2 /df RMSEA CF1 TLI SRMR
Mediation model (all) 7.78 0.07 0.94 0.83 0.06
Reverse mediation model (all) 3.21 0.04 0.98 0.94 0.03
Reciprocity mediation model (all) 3.72 0.05 0.99 0.95 0.03
Mediation model (male) 5.47 0.09 0.93 0.75 0.07
Reverse mediation model (male) 2.76 0.06 0.97 0.90 0.05
Reciprocity mediation model (male) 3.10 0.06 0.97 0.88 0.04
Mediation model (female) 3.81 0.07 0.97 0.90 0.05
Reverse mediation model (female) 2.20 0.05 0.99 0.96 0.03
Reciprocity mediation model (female) 1.31 0.02 0.99 0.99 0.03

Abbreviations: CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; TLI, Tucker—Lewis index.

3.2 | Mediation analysis

Table 3 demonstrates the fit indices of all the models, showing that the fit indices are acceptable for all models except the
mediator model for males.

Figure 2a—c presents the results of the mediation model, the reverse mediation model, and the reciprocity mediation
model for the full data. Tables 4 and 5 present the path coeflicients. In the mediation model, connectedness to nature at T1
significantly predicted depressive symptoms at T2 (B=-0.11, p <.01), and depressive symptoms at T1 positively predicted
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FIGURE 2 Results of tested models for the full data (a—c). *p <.05, **p <.01. ASBI, adolescent student burnout inventory; CNS, connectedness to
nature; De, depressive symptoms.

TABLE 4 Path coefficients for the mediation model for the full data.

Path B SE p Value

Direct effect

T1 CNS > T2 CNS 0.31 0.03 .00
T1 CNS > T2 De -0.11 0.03 .00
T1 De > T2 De 0.33 0.03 .00
T1 De > T2 ASBI 0.11 0.03 .00
T1 ASBI > T2 ASBI 0.37 0.03 .00

Indirect effect

CNS > De > ASBI -0.01 0.00 .00

Abbreviations: ASBI, adolescent student burnout inventory; B, unstandardized coefficients; CNS, connectedness to nature scale; SE, standard error.

TABLE 5 Path coefficients for the reverse mediation model for the full data.

Path B SE p Value

Direct effect

T1 ASBI > T2 ASBI 0.51 0.03 .00
T1 ASBI-> T2 De 0.26 0.03 .00
T1 De > T2 De 0.20 0.03 .00
T1 De > T2 CNS -0.02 0.03 .62
T1 CNS > T2 CNS 0.26 0.03 .00

Indirect effect

ASBI > De > CNS -0.01 0.01 .51

Abbreviation: ASBI, adolescent student burnout inventory; B, unstandardized coeflicients; CNS, connectedness to nature scale; De, depressive symptoms; SE, standard error.

learning burnout at T2 (B=0.11, p <.01). The Sobel test showed that the indirect effect from CNS to ASBI via De was
significant (p <.01).

For the reverse mediation model, learning burnout at T1 significantly predicted depressive symptoms at T2 (B =0.26,
p <.01), and learning burnout at T1 significantly predicted connectedness to nature at T2 (B=-0.19, p <.01). But depressive
symptoms at T1 did not predict connection to nature at T2 (B=-0.02, p>.05). For the reciprocity mediation model,
depressive symptoms and learning burnout were mutually predictive of each other, and learning burnout at T1 directly
predicted connectedness to nature at T2 (B=-0.18, p <.01).

Figure 3a—c presents the results of the mediation model, the reverse mediation model, and the reciprocity mediation
model for the male data. Figure 4a—c presents the results of the mediation model, the reverse mediation model, and the
reciprocity mediation model for the female data. In the female sample, connectedness to nature at T1 significantly predicted
depressive symptoms at T2 (B =-0.08, p <.05), and depressive symptoms at T1 positively predicted learning burnout at T2
(B=0.21, p <.01). The Sobel test showed that the indirect effect from CNS to ASBI via De was insignificant (p >.05).
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FIGURE 3 Results of tested models for the male data (a-c). ASBI, adolescent student burnout inventory; CNS, connectedness to nature scale;
De, depressive symptoms.
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FIGURE 4 Results of tested models for the female data (a-c). ASBI, adolescent student burnout inventory; CNS, connectedness to nature scale;
De, depressive symptoms.

4 | DISCUSSION

Following the COR and SRT, the present study examined the longitudinal relationships between connectedness to nature,
depressive symptoms, and adolescent learning burnout. This study contributes to previous studies in two aspects. First, by
expanding the resource loss to natural contact resources (i.e., connectedness to nature), this study investigated the
longitudinal relationships among connectedness to nature, depressive symptoms, and adolescent learning burnout. Second,
using the method of half-longitudinal mediation analysis, this study tested the mediation, reverse mediation, and reciprocity
between connectedness to nature and adolescent learning burnout and development via the mediation of depressive
symptoms. This study also discussed gender differences in the three models. The results of the current study indicated that
connectedness to nature can serve as a positive resource to alleviate the levels of depressive symptoms among adolescents and
thereby decrease learning burnout. However, the protective effect of connectedness to nature was smaller, and the decreasing
effect of learning burnout on connectedness to nature was stronger than the alleviating effect of connectedness to nature on
learning burnout. Additionally, the study found that depressive symptoms and academic burnout have a mutually reinforcing
effect over time and that the effects of this interaction are more pronounced in females.

4.1 | Connectedness to nature, depressive symptoms, and learning burnout

The initial level of nature connectedness (T1) negatively predicted depressive symptoms at a later time point (T2), which was
consistent with previous longitudinal studies (Flouri et al., 2014; Mueller et al., 2023). Natural spaces are healing environments,
and teens who have a strong connection to nature are more likely to benefit from it and can help alleviate emotional problems.
However, this path was only found in the mediation model. Contrary to our hypothesis, the initial level of nature connectedness
(T1) did not have a negative predictive effect on depressive symptoms at a later time point (T2) in the reciprocity mediation
model. We propose two possible explanations for this phenomenon. First, a meta-analysis of 35 studies on the relationship
between nature engagement and mental health in children and adolescents reveals an inconclusive association between nature
engagement and mental health (Tillmann et al., 2018). Previous studies also indicated that although the effect size of nature
connectedness on individuals is statistically significant, the effect size is small (Capaldi et al., 2014; Mackay & Schmitt, 2019;
Moens et al., 2019; Pritchard et al., 2019). Furthermore, these benefits may require repeated exposure to nature to be maintained
(Jones et al, 2021; Shanahan et al, 2016). Second, based on the ecological model of adolescent development
(Bronfenbrenner, 1979), individuals are influenced by various environmental systems and the dynamic interaction between
these systems and the individual shape their development. These systems encompass the microsystem, mesosystem, exosystem,
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macrosystem, and chronosystem, with the microsystem being the most influential level within the ecological systems theory.
When considering adolescent mental health, it is noteworthy that microsystems such as schools, families, and peer groups may
have a greater impact than the natural environment (Aldridge & McChesney, 2018; Han et al., 2023; Negriff, 2020). Therefore, it
is plausible that the impact of the natural environment will be diminished even further, leading to a destabilizing effect on the
predictive relationship between nature connectedness and adolescent depressive symptoms.

In addition, the findings provided support for a reciprocal relationship between depressive symptoms and adolescent learning
burnout, aligning with the findings of Salmela-Aro et al. (2017). According to the COR, the depletion of resources tends to
contribute to burnout in individuals (Hobfoll et al., 2015, 2018). Adolescents with higher levels of depressive symptoms have likely
already exhausted a significant amount of psychological resources, leaving them with limited resources to cope with academic
demands, thereby increasing the likelihood of experiencing learning burnout. Conversely, adolescents who are burnt out may
experience a decline in their academic performance, and face heightened pressure to excel academically. The persistent stress
experienced by these individuals further increases their vulnerability to developing depressive symptoms. Consequently, a harmful
cycle emerges, perpetuating the interplay between depressive symptoms and learning burnout. It has also been found that girls are
more susceptible to depressive symptoms, which can lead to school burnout. This may be due to the fact that compared to boys,
girls show more severe manifestations of depressive symptoms such as anxiety levels, sleep disturbances, and feelings of
hopelessness, which can easily affect girls' performance in school (Sun et al., 2023).

We also found that learning burnout can directly affect the connection to nature afterward. According to previous studies,
students with academic burnout tended to rely on problematic behaviors to alleviate the burnout situation, such as mobile phone
addiction and alcohol abuse (Del Carmen Pérez-Fuentes et al., 2021; Hao et al., 2022). This may tend to cause adolescents with
academic burnout to directly reduce their connection to the external environment, which also includes the natural environment.

4.2 | The mediating role of depressive symptoms

Depressive symptoms mediated longitudinally between nature connection and academic burnout. This may suggest that if
adolescents have less contact with the natural environment and their connection with nature declines, after which
adolescents' mental health may decline, such as an increase in depressive mood, and this increased depressive state may
further impair adolescents' performance in academics and academic burnout problems.

However, the path is not captured in the reciprocal mediation model. Although our findings do not fully support the
mediation model (H1), it does not imply that nature connectedness does not have an impact on adolescent depressive
symptoms and learning burnout. Piccininni et al. (2018) highlighted that the role of nature connectedness in relation to
adolescents is weak and inconsistent, potentially due to variations in the significance of natural connections for adolescents.
Moreover, the COR highlights that a resource's value is dependent on its importance to an individual (Halbesleben
et al., 2014). Adolescents may be influenced by other resources that they consider more crucial. Additionally, the authors
suggested that nature connectedness should be used as a protective factor for adolescents’ mental health (Hakokongis &
Puhakka, 2021; Piccininni et al., 2018; Wales et al., 2022). Therefore, this study supports the notion that a connection with
nature does not determine adolescent depressive symptoms and learning burnout but rather has a protective effect.

43 | Limitations of the study and directions for future research

This study enhances our understanding of the interplay between connectedness to nature, depressive symptoms, and
adolescent learning burnout. However, there are several limitations that warrant improvement. First, the study only collected
data at two-time points and utilized a half-longitudinal analysis. This selected method of data analysis constrained our ability
to determine whether the mediation effect was partial or complete (Sarmento-Henrique et al., 2020). To capture a more
comprehensive longitudinal relationship, it is recommended that future studies collect data at a minimum of three-time
points for analysis. Second, the participants in this study primarily consisted of adolescents from middle-level cities in China,
limiting the generalizability of the findings to a nationwide context. Therefore, future studies should strive to include a more
diverse sample of participants. Lastly, this study heavily relied on self-reported data to measure the variables, introducing
subjectivity. Subsequent studies could incorporate more objective measures in data collection.

5 | CONCLUSION

The findings of this study revealed the dynamic trajectory of nature connectedness, depressive symptoms, and their impact
on adolescent learning burnout over time. Specifically, it was observed that depressive symptoms exhibited an unstable
pattern, mediating the relationship between nature connectedness and adolescent learning burnout. Furthermore, the current
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study highlights the protective role of nature connectedness and underscores the negative repercussions of learning burnout
among adolescents.

Finally, against the backdrop of increasing learning pressure and psychological problems among adolescents, these
findings remind us to pay more attention to the problem of learning burnout among children and adolescents, which may
later affect their emotions and behaviors. This study also enriches the ways and means of intervening in children's and
adolescents' mental health, and suggests that we should pay more attention to children and adolescents' nature contact, and
that families, schools, and society should work together to provide a good environment for children and adolescents to have
nature contact.
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This study explored the relationship between interpersonal sensitivity and life satisfaction among college students, the
mediating effect of smartphone addiction, and the moderating effect of connectedness to nature. A total of 702 college
students (453 females, Mean,, = 19.60 years, SD = 1.33 years) completed the Interpersonal Sensitivity Scale, Mobile
Phone Addiction Index, Connectedness to Nature Scale, and Satisfaction with Life Scale. Following moderated mediation
analysis, the results showed that smartphone addiction mediated the relationship between interpersonal sensitivity and
life satisfaction among college students. Furthermore, connectedness to nature did not moderate the relationship between
interpersonal sensitivity and life satisfaction among college students, but it moderated the relationship between smartphone
addiction and life satisfaction among college students. These findings identified both risk factors and protective factors
that influence life satisfaction among college students, providing valuable guidance for enhancing their life satisfaction.
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Introduction

In the digital age, life satisfaction may depend on
interpersonal sensitivity as people share online spaces more
readily than in-person encounters. Interpersonal sensitivity
is a personality trait about individual responsiveness to the
emotions and behaviours of others (Boyce & Parker, 1989).
Higher interpersonal sensitivity individuals tend to utilise
smartphones to fulfil psychological needs (Kardefelt-
Winther, 2014), which carries risks for smartphone
addiction. Smartphone addiction, also known as mobile
phone dependency or problematic mobile phone use, is
characterised by excessive and compulsive phone usage
that detrimentally impacts an individual’s daily life (Lin et
al., 2021; Lopez-Fernandez et al., 2014; Seo et al., 2016;
You et al., 2019). Young college students may be most
at risk as they spend a significant amount of time online.
Their connectedness to nature may make a difference
to young people’s life satisfaction in the digital age.
Connectedness to nature represents a profound relationship
between individuals and the natural world. The relationship
is manifested in people’s emotional attachment to nature,
cognitive integration with nature, and a desire to be present
in and connected with nature (Li et al., 2018). We are not
aware of any studies that examine the role of smartphone
addiction and connectedness to nature in interpersonal
sensitivity and life satisfaction among college students.
Therefore, our study aimed to examine these relationships
in the Chinese setting.

Interpersonal sensitivity and life satisfaction

People with high levels of interpersonal sensitivity may
experience lower overall life satisfaction (Btachnio
& Przepiorka, 2018). They tend to be easily hurt,
misunderstand others’ behaviour, possess limited social
skills, exhibit low self-confidence, struggle with excessive
anxiety, exhibit social avoidance, and experience feelings

of inferiority (Bilgin, 2020; Eraslan-Capan, 2015; Luo et
al., 2021; Nystrom et al., 2018; Otani et al., 2018; You et
al., 2019). High interpersonal sensitivity may be associated
with maladaptive coping strategies (Nystrom et al., 2018),
which would impede an individual’s ability to achieve a
high level of life satisfaction (Rodrigues et al., 2023).

Smartphone addiction as a mediator

The Internet environment offers anonymity, convenience,
and escapism, providing individuals who face challenges
in establishing or maintaining real-life relationships
with increased opportunities for social interaction (Fan
et al., 2022; You et al., 2019; Young, 2001). When their
interpersonal relationship needs are not adequately met,
college students often resort to their smartphones to fulfil
their need for communication. The risk of smartphone
addiction may be higher when online engagement stems
from dissatisfactory needs fufilment. Both cross-sectional
and longitudinal studies consistently indicate a strong
association between interpersonal sensitivity and internet
addiction (Jang et al., 2008; Ko et al., 2007; Lin et al.,
2020).

According to the Compensatory Internet Use Theory,
smartphones serve as a significant medium for virtual
social interactions, enabling individuals to anticipate
and prepare for potential negative evaluations from their
social environment (Marin & Miller, 2013). It can also
prompt individuals to speculate about others’ thoughts
and to conform so as to avoid negative evaluations.
Smartphone addiction also exhibits a negative correlation
with life satisfaction. A cross-sectional study revealed
that excessive smartphone use serves as a contributing
factor to diminished life satisfaction (Fischer-Grote et al.,
2021). Similarly, a longitudinal study conducted among
Chinese college students to establish a causal link between
smartphone addiction and life satisfaction demonstrated
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that smartphone addiction negatively predicts life
satisfaction among college students (He & Hui, 2019).

Connectedness to nature as a moderator

Nature can offer individuals a sense of safety and
belonging, serving as an alternative form of support
(Fan et al., 2022). A study found that individuals who
experience social exclusion find solace in connecting
with nature, thereby attaining a sense of belonging and
acceptance, which enhances their positive experiences
(Chen et al., 2023). Natural elements possess inherent
stress-reducing properties that decrease the reactivity
of the nervous system to stressors (Ulrich et al., 1991).
While interpersonal sensitivity intensifies stress levels for
individuals, connectedness to nature has the potential to
alleviate that stress.

Smartphone usage draws heavily on an individual’s
cognitive resources (Gong & Liu, 2023). As these
resources diminish, individuals experience an increase
in negative emotions, subsequently impacting their life
satisfaction (Proctor et al., 2009). Connectedness to nature
can effectively restore individuals’ cognitive resources
(Kaplan, 1995). Additionally, individuals with high
connectedness to nature encounter more natural settings
(Hinds & Sparks, 2008), which prompt them to engage
in necessary psychological cleansing, resolve persistent
thoughts, and enhance positive emotional experiences
(Wells et al., 2019).

Goal of the study

We aimed to examine the mediating effect of smartphone
addiction and the moderating effect of connectedness to
nature by constructing a moderated mediation model.
Figure 1 presents our conceptual model of the moderated
mediation model. In that regard, we proposed the following
hypothesis for testing among college students:

Hypothesis 1: Interpersonal sensitivity significantly and
negatively predicts overall levels of life satisfaction.
Hypothesis 2: Smartphone addiction mediates the
relationship between interpersonal sensitivity and life
satisfaction for lower life satisfaction.

Hypothesis 3: Connectedness to nature moderates the
relationship between interpersonal sensitivity and life
satisfaction for higher life satisfaction.

Hypothesis 4: Connectedness to nature moderates the
relationship between smartphone addiction and life
satisfaction for higher life satisfaction.

Smartphone addiction

Methods

Participants

A total of 702 college students (453 females) participated
in our survey. Specifically, the college student participants
included: 195 (27.78%) first-year students, 182 (25.92%)
sophomores, 208 (29.63%) juniors, and 117 (16.67%)
seniors. The mean age of participants was 19.60 (SD age
=1.33).

Measures

The participants self-reported their demographic
characteristics. Additionally, they completed the
Interpersonal Sensitivity Scale (ISS: Derogatis et al.,
1976), the Mobile Phone Addiction Index (MPAI: Leung,
2008), the Connectedness to Nature Scale (CtNS: Li &
Wu, 2016), and the Satisfaction with Life Scale (SwLS:
Leung & Leung, 1992). These are described next.

Interpersonal Sensitivity

The ISS (Derogatis et al., 1976) consists of 9 items. A
sample item is: “Feeling shy or uneasy with the opposite
sex.” Items are scored on a 5-point Likert scale ranging
from 0 = not at all, to 4 = all the time. Scores are summed,
with a higher score being a stronger sense of interpersonal
sensitivity. In the current study, the Cronbach’s o for scores
from the ISS was 0.90.

Smartphone Addiction

The MPAI (Leung, 2008) comprises 17 items that
measure loss of control, complaints from others about
the individual’s behaviour, anxiety, obsessive behaviour,
withdrawal or attempts to escape, and productivity loss.
A sample item is: “You’re too busy using your phone to
do other things and cause problems.” Items are scored
on a 5-point Likert scale ranging from 1 = not at all, to
5 = all the time. Scores are summed, with a higher score
indicating a stronger smartphone addiction. In the current
study, the Cronbach’s a for scores from the MPAI was
0.92.

Connectedness to Nature

The CtNS (Li & Wu, 2016) consists of 14 items. A sample
item is: “The earth belongs to me, and I belong to the
earth.” Items are scored on a 5-point Likert scale ranging
from 1 = strongly disagree, to 5 = strongly agree. Scores
are summed, with a higher score indicating a greater
degree of connectedness to nature. In the current study, the
Cronbach’s a for scores from the CtNS was 0.81.

Connectedness to nature

Interpersonal sensitivity >

Life satisfaction

Figure 1. The conceptual model of the moderated mediation model
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Life Satisfaction

The SwWLS (Leung & Leung, 1992) consists of 5 items.
A sample item is: “I am satisfied with my life.” Items
are scored on a 7-point Likert scale ranging from 1 =
strongly inconsistent, to 7 = strongly consistent. Scores are
summed, with a higher score indicating the student is more
satisfied with their life. In the current study, the Cronbach’s
a for scores from the SWLS was 0.90.

Control variables

The participants self-reported their demographic
characteristics, including grade, sex, and age. For this
study, we considered the age and sex of participants as
control variables during the analyses.

Data analysis

Data were analysed utilising the SPSS 24.0 software. All
variables were standardised. We used Model 4 to explore
the mediating effect of smartphone addiction and Model
15 to carry out a moderated mediation model to explore
the moderating effect of connectedness to nature using
PROCESS macro 3.2 (Hayes & Rockwood, 2020).
Moreover, the bootstrap approach with 5 000 resamples to
estimate the 95% confidence interval (CI) was conducted
for interpreting the significance of indirect effects. To
account for potential confounding effects, demographic
factors — specifically age and sex — were considered priori
covariates in the analysis.

Harman’s single-factor test was conducted to test for
common methods bias. Harman’s single-factor test found
that a total of 10 factors had eigenvalues greater than 1 and
the first variance explanation rate was 24.67%, which is
less than the critical value of 40%, indicating no significant
common method bias in this study (Zhou & Long, 2004).
Findings from observed scale characteristics indicated
that kurtosis scores were between -0.584 and 1.069, and
skewness values ranged from -0.617 to 0.356, indicating
that all measures had relatively normal distribution (Table
1) (D’agostino et al., 1990; Kline, 2015).

Results

Descriptive statistics and correlation analysis of all
variables

Table 1 presents the descriptive statistics and correlation
matrix for the study variables. Interpersonal sensitivity
showed a positive correlation with smartphone addiction
(r = 0.582, p < 0.001), a negative correlation with life

Table 1. Descriptive statistics and correlation results

satisfaction (» = -0.407, p < 0.001), but the correlation
between interpersonal sensitivity and connectedness
to nature was not significant (» = -0.071, p > 0.05);
Smartphone addiction showed a negative correlation with
life satisfaction (= -0.351, p < 0.001), but the correlation
between smartphone addiction and connectedness to nature
was not significant (» = 0.041, p > 0.05); Life satisfaction
showed a positive correlation with connectedness to nature
(r=0.167, p <0.01). The correlation coefficients between
any two of the three variables were lower than 0.8, which
indicates that a low-to-moderate correlation existed
between the variables, and no collinearity was observed
(Benesty et al., 2009).

Testing for mediating effect of smartphone addiction
The result showed interpersonal sensitivity significantly
and negatively predicted life satisfaction (f = -0.411,
p <0.001). This result supported Hypothesis 1 that higher
interpersonal sensitivity significantly predicted lower
levels of life satisfaction.

Model 4 was employed to examine the mediating effect
of smartphone addiction between interpersonal sensitivity
and life satisfaction, while controlling for sex and age. The
results revealed that interpersonal sensitivity significantly
and positively predicted smartphone addiction (a =
0.581, SE =0.031, p < 0.001). In the regression equation,
both interpersonal sensitivity and smartphone addiction
simultaneously predicted life satisfaction. Specifically,
interpersonal sensitivity significantly and negatively
predicted life satisfaction (¢’ = -0.311, SE = 0.042,
p < 0.001), while smartphone addiction also significantly
and negatively predicted life satisfaction (b =-0.171,

SE = 0.042, p < 0.001). The results indicated a
significant mediating effect of smartphone addiction
between interpersonal sensitivity and life satisfaction (ab
=-0.100, Boot SE = 0.025, 95% CI = [-0.151, -0.051]).
The proportion of the total effect accounted for by the
mediating effect was 24.33%. These results supported
Hypothesis 2, which proposed that smartphone addiction
mediated the relationship between interpersonal sensitivity
and life satisfaction for lower life satisfaction.

Testing for moderating effect of connectedness to nature
Model 15 was utilised to examine the moderating effect
of connectedness to nature on the direct path (the impact
of interpersonal sensitivity on life satisfaction) and on
the latter path of this mediating process (the impact

M SD Skewness Kurtosis o 1 2 3 4
1. Interpersonal sensitivity 2.26 0.83 0.356 -0.584 0903 1
2. Smartphone addiction 2.85 0.78 0.135 -0.245 0917 0582 1
3. Life satisfaction 4.08 1.37 -0.098 -0.477 0.898 -0.407"" -0.351"" 1
4. Connectedness to nature 3.60 0.56 -0.617 1.069 0.814 -0.071 0.041 0.167" 1

Note. **¥p < 0.001, **p < 0.01
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of smartphone addiction on life satisfaction). The test
comprised parameter estimation for two regression
equations. The first equation estimated the predictive
effect of interpersonal sensitivity on smartphone
addiction, while the second equation estimated the
predictive effects of interpersonal sensitivity, smartphone
addiction, connectedness to nature, the interaction between
connectedness to nature and interpersonal sensitivity
and the interaction between connectedness to nature and
smartphone addiction on life satisfaction. According
to Table 2, the following findings were observed: (1)
Interpersonal sensitivity had a significant main effect on
smartphone addiction; (2) There was a significant main
effect of interpersonal sensitivity on life satisfaction,
but the interaction between interpersonal sensitivity and
connectedness to nature was not significant; (3) There
was a significant main effect of smartphone addiction on
life satisfaction, and the interaction between smartphone
addiction and connectedness to nature was significant.
These research findings met the criteria of a moderated
mediation model (Wen & Ye, 2014). These findings did
not support Hypothesis 3, but supported Hypothesis 4.
The moderating role of connectedness to nature in the
mediating path was further examined using the index of
moderation provided by the Process software. The results
indicated that the index of moderation was -0.070 (95%
CI =[-0.121, -0.020]). Since the CI did not include zero,
it suggests a significant moderated mediation effect.
Specifically, the latter path of the mediating effect of
“interpersonal sensitivity — smartphone addiction — life
satisfaction” was moderated by connectedness to nature.
These results supported Hypothesis 4, which proposed
that connectedness to nature moderates the relationship
between smartphone addiction and life satisfaction for
higher life satisfaction.

Table 2. Moderated mediation model

551

In order to reveal how connectedness to nature
mediates the impact of smartphone addiction on life
satisfaction, this study conducted a simple slope test. The
total score of connectedness to nature was divided into high
and low groups according to the mean score plus or minus
one standard deviation for difference testing. As shown in
Figure 2, we can conclude that in the low connectedness to
nature group, the predictive effect of smartphone addiction
on life satisfaction is not significant (Bsimple: -0.059, SE
= 0.061, p > 0.05). Regardless of whether individuals
have high or low levels of smartphone addiction, their
life satisfaction levels are significantly lower than the
mean. In the high connectedness to nature group, the
negative predictive effect of smartphone addiction on life
satisfaction is highly significant (Byipe = -0-299, SE =
0.059, p <0.001). This suggests that individuals with high
connectedness to nature and high levels of smartphone
addiction have lower life satisfaction. However,
individuals with high connectedness to nature and low
levels of smartphone addiction can maintain higher life
satisfaction. These results indicate that connectedness to
nature plays a significant moderating role in the predictive
effect of smartphone addiction on life satisfaction. The
specific moderating pattern is as follows: in the case of
low smartphone addiction, connectedness to nature can
buffer the impact of smartphone addiction on individuals’
life satisfaction. However, as smartphone addiction levels
increase, the buffering effect of connectedness to nature on
the risk of smartphone addiction gradually weakens and
disappears, which again supports Hypothesis 4.

Discussion

Our findings revealed that smartphone addiction plays
a partial mediating effect in the relationship between
interpersonal sensitivity and life satisfaction among
college students. As interpersonal sensitivity increases,

Model 1 Model 2
Independent variables (Criterion: Smartphone addiction) (Criterion: Life satisfaction)
p SE t B SE t
Sex 0.111 0.064 1.732 -0.131 0.070  -1.871
Age -0.025 0.023  -1.100 -0.029  0.025 -1.159
Interpersonal sensitivity 0.581 0.031  18.899™ -0.278  0.041 -6.711™
Smartphone addiction -0.179 0.041  -4.335™
Connectedness to nature 0.133 0.035  3.818™
Interpersonal sensitivity X Connectedness 0.031 0044  -0.699
to nature
I?;rtllz;;’tephone addiction x Connectedness to 20121 0043 -2.801"
R 0.585 0.492
R? 0.343 0.242
F 121.233™ 31.594™

Note. **#¥p < 0.001, **p < 0.01.
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individuals may exhibit social avoidance due to heightened
concern about others’ opinions and evaluations of them
(Stavropoulos et al., 2022). Consequently, individuals
become more reliant on smartphones as a communication
tool, thus increasing the risk of smartphone addiction
(Marin & Miller, 2013). Similarly, individuals who struggle
with face-to-face relationship skills tend to compensate for
their social deficiencies by seeking lower-demand online
relationships (Stavropoulos et al., 2022). Individuals
with high interpersonal sensitivity often exhibit low self-
efficacy in real social interactions. Such individuals tend to
adopt the “ideal identity” they themselves have constructed
to socialise in online interactions. “Ideal identity” can
lead to a temporarily positive experience for individuals.
Therefore, their dependence on existing online social
relationships increases their risk of smartphone addiction
(Li et al., 2008).

On the other hand, individuals with smartphone
addiction become completely absorbed in the information
provided by their phones, which demands the recruitment
of more cognitive resources. The most obvious cost of
this addiction is their emotional health problems. From
an emotion regulation perspective, individuals with high
smartphone addiction will have lower self-control (Geng
et al., 2021), which will directly affect their emotional
regulation and their emotional balance (Paschke et al.,
2016). Lower levels of emotional balance increase negative
emotions and subsequently impact life satisfaction.

From an emotional expression perspective, individuals
with high smartphone addiction tend to experience
deficits in emotional expression and reflect deficiencies in
emotional cognition and regulation (Squires et al., 2021).
Inadequate emotional expression and unmet emotional
needs result in negative life events and ultimately reduce
life satisfaction. Therefore, when individuals’ interpersonal
sensitivities perceive that their relational needs are not met,
they seek the most convenient means of fulfilling these
needs, which increases the risk of smartphone addiction.
As smartphone addiction intensifies, individuals’ life
satisfaction declines.

Our study found that connectedness to nature has no
moderating effect in the relationship between interpersonal
sensitivity and life satisfaction among college students.
We speculate that individuals with high interpersonal
sensitivity exhibit characteristics such as low self-esteem,
social avoidance, and excessive anxiety, which are stable
traits (Bilgin, 2020; Eraslan-Capan, 2015; Luo et al., 2021;
Nystrom et al., 2018; Otani et al., 2018; You et al., 2019).
The stress-reducing effects obtained through connecting
with nature are insufficient to eliminate fixed patterns of
negative behaviour and thinking. Although connectedness
to nature can enhance individuals’ sense of connection,
the social relationship needs of individuals may not align
with the natural relationship needs brought about by
connectedness to nature. Connectedness to nature cannot
fully replace the function of social connections (Zhao et
al., 2023), indicating that the temporary stress reduction
obtained from nature cannot effectively buffer the negative
effects of interpersonal sensitivity (Moreton et al., 2019).

We found connectedness to nature has a moderating
effect in the relationship between smartphone addiction and
life satisfaction among college students, which suggests
that connectedness to nature can buffer the negative impact
of smartphone addiction on life satisfaction. With access to
the Internet, smartphones increasingly consume students’
cognitive resources in various ways (Liu et al., 2017).
Higher levels of connectedness to nature are beneficial for
restoring students’ cognitive resources. Students are better
able to regulate their own resources to enhance self-control
and reduce temptations. Additionally, connectedness to
nature can trigger changes in individual emotion regulation
(Johnsen & Rydstedt, 2013), block negative thoughts and
elicit positive emotions (Li et al., 2018), both of which are
important for improving their quality of life.

Implications for research and practice

This study has some important implications. Firstly,
interpersonal sensitivity negatively impacts college
students’ life satisfaction. Therefore, it is worth considering
reducing interpersonal sensitivity as a preventive and
improvement measure to enhance their quality of life.

LIFE SATISFACTION
j=]
)
T

—— High connectedness to nature
- -A--Low connectedness to nature

0.00 —
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—0.20

-0.30 E !
Low High
SMARTPHONE ADDICTION

Figure 2. The effect of connectedness to nature and smartphone addiction on life satisfaction
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Secondly, considering the mediating role of smartphone
addiction, elevating the level of life satisfaction among
college students can be achieved by targeting the reduction
of smartphone addiction as a risk factor. For instance,
interventions involving increased physical exercise
and reading have effects on inhibitory control among
college students with mobile phone addiction (Zhou &
Wang, 2022). Lastly, these study findings suggest that
efforts should be made to enhance college students’ level
of connectedness to nature, as it will be beneficial for
improving their levels of life satisfaction.

Limitations and future recommendations

There are some drawbacks to consider in the current
study. First, this was a cross-sectional research design
study, which does not allow for causal relationship claims.
Second, the method of convenience sampling used in
this study may limit the generalisability of the findings.
Future studies should employ longitudinal design and a
probability sample for more definitive results. Moreover,
this study only explored the mechanism of the relationship
between the trait factor of interpersonal sensitivity and life
satisfaction of college students from the perspective of
interpersonal relationships. Other important psychological
variables in interpersonal relationships (such as
interpersonal distress and solitary behaviour), and college
students’ life satisfaction, are also worth exploring in
future research.

Conclusion

This study analysed the relationship between interpersonal
sensitivity, smartphone addiction, connectedness to
nature, and life satisfaction among college students. Our
study shows that interpersonal sensitivity is associated
with decreased life satisfaction and higher smartphone
dependency. Connectedness to nature plays a moderating
effect in the relationship between smartphone addiction
and life satisfaction among college students. This
study highlights the negative effects of interpersonal
sensitivity and smartphone addiction, as well as the
protective role of connectedness to nature and suggests
potential interventions to mitigate these effects. These
findings identify both risk factors and protective factors
that influence life satisfaction among college students,
providing valuable guidance for student support
programmes aimed at enhancing their life satisfaction.
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The Effect of Horticultural Group Counseling on
Pupils' Anxiety and Attention
ZHAN Lei, ZHOU Ying, JIANG Xin-hui, CHENG Ying-jie, ZHANG Ming-yu, YANG Zhi-hui

(School of Humanities and Social Science, Beijing Forestry University, 100083, P. R. China)

Abstract: Pupils have different degrees of anxiety and their attention level is relatively low due to
restricted cognitive development. Horticultural therapy, as an ecological psychological treatment method,
has a significant effect on anxiety and attention. There have been many experimental and clinical studies
on horticultural therapy abroad, and a complete theoretical system has been established. However, few
domestic scientists have relevant experiments and clinical reports. This study used both quantitative and
qualitative analysis methods to explore the effect of horticultural therapy on pupils' anxiety and its internal
mechanism. After analyzing the attention and anxiety of primary school students through the questionnaire
survey, we designed horticultural group activities and explored its effect on improving primary school
students' anxiety and attention. In addition, we also explored whether attention is the mediating variable.
The results show that the primary school students do have anxiety and their attention level can significantly
negatively predict anxiety. The anxiety level of the experimental group was significantly reduced and the
attention level was significantly improved by participating horticultural activities. However, the mediating
role of attention is not significant in the effect of the horticultural on anxiety. In qualitative analysis, we
found that horticultural can also bring happy mood, relieve anxiety, improve problem-solving ability,
improve attention and concentration, which is of great significance to mental health.

Key words: horticultural therapy; anxiety; attention; mediation
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Effects of Cognitive Behavioral Therapy on Cyberchondria: A Case
Study

Xu Aoming' Yang Shuya' XuDanyang' DingJiali' Yang Zhihui"

1. Department of Psvchology, School of Humanities and Social Sciences, Beijing Forestry University, Beijing;
2. The First Corps of the Standing Forces of the State Administration of Immigration, Beijing;
3. Hangzhou Fuying Education Technology Co., Lid., Hangzhou

Abstract: Objective: To investigate the effects of cognitive behavioral therapy on cyberchondria. Methods: A
participant received 8 times cognitive behavioral therapy. The cyberchondria scale(CS) and The Short Health
Anxiety Inventory(SHAI) were completed pre and post treatment. Results: Data indicated that CS and SHAI were
reduced from pre to post intervention. The participant reported the symptoms relieved. Conclusion: Cognitive
behavioral therapy may be helpful to decrease cyberchondria.
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