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A B S T R A C T

Whether youths engage with climate change is determined by a variety of cognitive, emotional and behavioral 
constructs, such as their interest in the topic, perceived distance to climate change, their perceived self-efficacy 
concerning climate change mitigation as well as (self-reported) pro-environmental behavior. In the current study, 
we employed a psychometric network approach to map the relationships between psychological climate change 
engagement constructs of 436 Dutch youth (16- to 24-year-olds), including a measure of actual behavioral 
engagement (information seeking). Communities of positively related constructs formed within the network — 
meaning that someone experiencing higher levels of self-efficacy is also more hopeful in the light of climate 
change. Climate change knowledge only played a peripheral role in the network. Self-efficacy was directly linked 
with information seeking and was the most central (i.e., influential) construct, linking the different communities. 
This makes self-efficacy a potential target for interventions aimed at stimulating behavioral climate change 
engagement.

1. Introduction

“Being young is a great advantage, since we see the world from a new 
perspective and we are not afraid to make radical changes.” (Greta 
Thurnberg, youth climate activist (Belam, 2019)).

Climate change is one of the most serious challenges of our time, 
threatening humanity's livelihood, habitat, safety, and well-being 
(Birkmann et al., 2022; IPCC, 2023). Despite a majority agreeing that 
climate change engagement is important, many individuals fail to 
behave accordingly (e.g., Hornsey et al., 2016; Kesternich et al., 2022; 
Vieira et al., 2023). Engagement of all sectors of society is needed to 
address climate change, though it must be noted that some de
mographics — such as individuals of high socioeconomic status — tend 
to wield more power to affect change than others (Nielsen et al., 2021). 
A demographic that garners much interest is the youth. Youths are seen 
as ‘agents of change’ in the fight against climate change (Bandura & 
Cherry, 2020; Christensen & Olhoff, 2019), as their perceptions, atti
tudes, beliefs and actions may influence other demographics in society 
(Deisenrieder et al., 2020; Hiramatsu et al., 2014).

Young people also appear more receptive to pro-environmental 

messages and calls for change because their worldviews — an impor
tant factor in relation to climate change perceptions and attitudes — are 
more flexible than those of adults, causing preconceived notions and 
beliefs to be more easily changed in light of new information (Bissinger 
& Bogner, 2018; Kahan et al., 2011; Stevenson et al., 2014). In accor
dance with this, younger generations exhibit more concern about 
climate change and its consequences than older generations do (Kuthe 
et al., 2019; Poortinga et al., 2023; Reinhard, 2018). Late adolescence 
and early adulthood especially are considered important developmental 
stages in which individuals explore their roles as independent members 
of society, suggesting that this period is critical in shaping climate 
change engagement that will continue into adulthood (Ojala, 2022). 
Given the importance of this group in the fight against climate change, 
we focus on youth in the current study. More specifically, we apply an 
exploratory psychometric network approach to climate change 
engagement in youth to gain novel insights into: (1) the structure of 
interrelations between different components of engagement (i.e., how 
variables of interest are connected), (2) which variables are most 
influential (i.e., most closely connected) within the network and may 
therefore be effective intervention targets. Also including an actual 
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behavioral (in addition to self-reported) measure of engagement, spe
cifically information seeking behavior (see Lange, 2023), in the 
network, allows us to (3) study which component(s) of the network are 
potential interventions targets for this specific type of behavior.

Engagement with climate change is of importance, for instance 
because the successful implementation of required policy changes to 
address climate change needs wide-spread acceptance of, and engage
ment with climate change of the general public (APA Task Force on 
Climate Change, 2022; Bergquist et al., 2022; Kumpu, 2022; Palomo- 
Vélez & van Vugt, 2021; Verplanken & Whitmarsh, 2021; Whitmarsh 
et al., 2021). Such engagement with climate change can be conceptu
alized as a complex psychological phenomenon of active involvement 
with the topic that consists of cognitive, affective, and behavioral 
components (Alrashidi et al., 2016; Groccia, 2018; Lorenzoni et al., 
2007; Renninger & Bachrach, 2015; Wolf & Moser, 2011). Cognitive 
components of climate change engagement may include beliefs such as 
self-efficacy (i.e., the belief one is able to contribute and can change 
one's behavior), knowledge about climate change and trust in societal 
actors, affective components may include emotions such as climate 
change distress, and behavioral components may include private actions 
from energy reducing measures to public and collective actions such as 
joining climate change protests to individual actions including infor
mation seeking. The different affective, cognitive, and behavioral com
ponents that make up climate change engagement are believed to 
interrelate, in the sense that change in one component may both precede 
and follow change in another (Whitmarsh et al., 2013). For example, 
action against climate change may boost feelings of efficacy, which may 
in turn motivate future action (Wamsler et al., 2023). One way to cap
ture this complex and interrelated structure of climate change engage
ment is via a psychometric network approach (Dalege et al., 2016).

Many different psychological constructs have been shown to be 
related to climate change engagement. For instance, a recent meta- 
analysis found that motivational factors — predominantly perceived 
norms, perceived self-efficacy, and perceived outcome-efficacy — 
related strongly to adaptive behaviors such as seeking information 
about, and engaging in preparatory actions for climate-related hazards 
(van Valkengoed & Steg, 2019). Literature reviews also highlight the 
importance of social motives — such as a need to belong and trust in 
other people, governments, and institutions — as well as hope and 
values in relation to public engagement with climate change (Brick 
et al., 2021; Corner et al., 2014; Ojala, 2022). Also relevant is sufficient 
factual knowledge about the causes and solutions of climate change, as 
well as psychological distance (Geiger, Swim, & Fraser, 2017; Jones 
et al., 2017). Many studies on the subject investigate climate change 
engagement using only a handful of key predictors for the sake of 
parsimony. For example, Stevenson et al. (2018) predicted behavioral 
components of climate change engagement by focussing exclusively on 
climate change knowledge, hope and concern. Including a wider range 
of psychological constructs and studying their mutual interactions may 
present a more complete picture of the driving factors behind climate 
change engagement.

In the current study, we study climate change engagement by 
adopting a psychometric network approach. Using this approach, we 
model a large number of psychological constructs that are closely 
related to climate change engagement as a network of interacting ele
ments (e.g., Dalege et al., 2016; Schmittmann et al., 2013). Such an 
approach arguably captures the multifaceted nature of certain complex 
psychological constructs — including emotions, attitudes, and psycho
logical disorders as well as engagement — better than modeling them as 
a single variable (Borsboom et al., 2021; Chiesi, 2001; Dalege et al., 
2016; Fried et al., 2017; Lange et al., 2020; Schmittmann et al., 2013). In 
simple terms, a psychometric network approach allows us to examine 
how different variables (i.e. nodes in a network) that reflect different 
aspects of engagement relate to one another (through edges connecting 
the nodes) while controlling for relationships with and between other 
variables in the network. The resulting climate change engagement 

network allows us to draw inferences about engagement as a dynamic 
whole that consists of separate parts (as opposed to regarding engage
ment solely as an outcome measure) by studying characteristics of the 
network, such as which of its components cluster together (i.e., which 
variables form ‘communities’ within the network) and which compo
nents are most influential (i.e., which variables are most strongly con
nected to other variables in the network). This analysis can inform 
which aspects of engagements can best be targeted to stimulate 
engagement overall. Additionally, by including a measure of actual 
behavior (specifically, voluntary information seeking behavior, that is, 
whether or not to watch a video on climate change) in the climate 
engagement network, we can determine the unique direct effects of 
potential predictors on this behavioral outcome variable (Blanken et al., 
2020). This can be achieved because connections between variables in 
the network represent conditional relationships (Borsboom et al., 2021). 
Next to gaining insights on the structure of interactions, we may 
therefore also learn how specific types of behavior may best be inter
vened on by targeting those variables directly connected with the 
outcome variable while taking into account the role of the other vari
ables in the network (see Chambon et al., 2022; Zwicker et al., 2020).

When modeling engagement as a network, which variables to 
include is of importance, as the aim is to create a more complete picture 
of how cognitive, affective, and behavioral components of climate 
change engagement relate to one another. In the current study, we 
primarily draw on three lines of research in selecting variables to 
include, namely literature on pro-environmental behavior (e.g., Brick 
et al., 2021; Corner et al., 2014; Geiger, Swim, & Fraser, 2017; van 
Valkengoed & Steg, 2019), literature on engagement with educational 
materials (e.g., Hidi & Renninger, 2006) and literature on youth 
engagement with climate change (e.g., Deisenrieder et al., 2020; Ojala, 
2012c, 2013, 2023). While some variables included in the network are 
mostly forthcoming from one line of research, such as the importance of 
individual interest in engagement with education materials (e.g., Ainley 
et al., 2002), other variables are central across research fields, such as 
perceived self-efficacy, which is central in theories of behavior (change; 
e.g., Ajzen, 1991; Bandura & Wessels, 1997), but also in learning 
engagement (e.g., Honicke & Broadbent, 2016) and youth engagement 
with climate change (e.g., Mead et al., 2012). In this exploratory study, 
we include the following constructs as variables: (1) self-efficacy, (2) 
biospheric values, (3) constructive hope, (4) trust in societal actors, (5) 
psychological distance, (6) factual knowledge, (7) climate change 
distress, (8) self-reported pro-environmental behavior, (9) climate 
change interest, (10) science interest, and (11) social influences. In the 
following, we briefly discuss how these variables represent different 
aspects of climate change engagement.

Self-efficacy is the perceived effectiveness of an individual to over
come threats and achieve desired outcomes (Bandura & Wessels, 1997), 
included here as an efficacy belief specific to climate change 
(Deisenrieder et al., 2020). Self-efficacy is a cognition central in many 
theories of behavior (change) (e.g., Ajzen, 1991; Bandura & Wessels, 
1997; Lazarus & Folkman, 1984) and a strong positive predictor of both 
climate action and proenvironmental behaviors (Bostrom, Hayes & 
Crosman., 2019; van Valkengoed & Steg, 2019; Hornsey et al., 2022; Loy 
et al., 2020). Moreover, self-efficacy plays an important role in deter
mining how other cognitions and emotions influence behavior. For 
example, self-efficacy moderates how people cope with threats (Lazarus 
& Folkman, 1984), with low levels of self-efficacy being associated with 
avoidance and denial while high levels of self-efficacy are associated 
with confrontation and problem solving (Ojala, 2012b). As such, self- 
efficacy is expected to be central in the engagement network.

Other cognitive components of climate change engagement, such as 
trust in societal actors and constructive hope, relate positively to self- 
efficacy (Ojala, 2005, 2012b, 2015, 2021; Stevenson & Peterson, 
2016). In youth, trust in institutions such as the government and sci
entists appears important for climate engagement, presumably because 
it reduces the perceived complexity of, and consequent ambivalence 
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towards climate change (Cologna & Siegrist, 2020; Ojala, 2021). 
Constructive hope, that is, hope that climate change can be mitigated 
despite it being a serious threat (as opposed to false hope, which is based 
on denial of the issue) is associated with increased climate engagement 
(Geiger et al., 2023; Marlon et al., 2019; Ojala, 2012c). While there 
arguably exists an affective dimension to hope, the current study focuses 
purely on the cognitive dimension of hope. This is because affective 
hope is hard to define and to distinguish from other affective variables 
(Ojala, 2023) such as distress, which is also included in the network. 
Contrary to hope, psychological distance — that is, the perceived 
geographical, temporal, or social distance between oneself and climate 
change (Jones et al., 2017; Loy & Spence, 2020; Spence et al., 2012) — 
reduces climate change engagement (Chu & Yang, 2019; Geiger, Mid
dlewood, & Swim, 2017; McDonald et al., 2015). This is presumably the 
case because psychological distance reduces the levels of perceived 
threat, which in turn reduces willingness to act (Carmi & Kimhi, 2015; 
Mead et al., 2012). Factual knowledge about the causes and conse
quences of climate change can reduce psychological distance (Bain et al., 
2012; Corner et al., 2015; Stern, 2012; Stevenson et al., 2018) but the 
direction of this effect depends on the person's values — primarily their 
biospheric values (i.e., beliefs and convictions related to climate change, 
the environment; Nilsson et al., 2004; O'Brien & Wolf, 2010; Poortinga 
et al., 2011). Due to their expected importance to climate change 
engagement and relations to each other, all of these cognitive variables 
are included in the engagement network.

Recently, the importance of the emotions surrounding climate 
change has received increasing attention (Brosch, 2021; Davidson & 
Kecinski, 2022). One important affective component of climate 
engagement is climate change distress, that is, negative emotions and 
cognitions associated with climate change (Ojala, 2023). Distress has 
been found to be positively related with pro-environmental behavior 
(Stevenson et al., 2018; Stevenson & Peterson, 2016) but only when self- 
efficacy is high (Bradley et al., 2014). This aligns with the aforemen
tioned moderating effect of self-efficacy on the relationship between 
threat perception and behavior (Ojala, 2016). Distress also relates 
negatively to psychological distance (Maibach et al., 2010; McDonald 
et al., 2015; Spence et al., 2012), meaning that individuals who perceive 
climate change to be less distant experience more distress. In short, 
distress is expected to precede and stem from several cognitive aspects of 
climate change engagement.

While the cognitive and affective aspects of engagement may not be 
ignored, climate change reduction requires action above all (e.g., Niel
sen et al., 2024; Whitmarsh et al., 2021; Williamson et al., 2018). Pro- 
environmental behavior encompasses a wide range of behaviors which 
are aimed at reducing one's impact on the environment or having a 
positive impact on the environment (Lange & DeWitte, 2023). In the 
network, we include self-reported pro-environmental behaviors that 
youth are realistically able to partake in, such as discussing climate 
change, reducing consumption, and joining climate protests (e.g., Dei
senrieder et al., 2020). However, as self-reported behavior can be sub
ject to biases (e.g., Kormos & Gifford, 2014) and may relate differently 
to other aspects of engagement than actual behavior (e.g., Bosshard 
et al., 2024; Lange et al., 2023), a measure of actual behavioral 
engagement was additionally included. The behavioral measure 
included in the current study was voluntary information-seeking 
behavior (see Lange, 2023): participants could decide to watch one of 
a number of videos on climate change. Comparable behavioral measures 
of information seeking have been used in the pro-environmental 
behavior literature, from free online browsing (Schmitt et al., 2019), 
to opening an email about a sustainability initiative (Van Horen et al., 
2018). Voluntary information seeking about climate change as a 
behavioral measure is warranted for several reasons. First, environ
mental benefits of voluntary information seeking pertain to the propa
gation of environmental knowledge and personal costs to the extra time 
spent, mirroring other pro-environmental behaviors (c.f., Lange, 2023). 
Secondly, self-reported climate change-related information-seeking 

behavior in adolescents is associated with higher risk perception and 
efficacy beliefs (Mead et al., 2012), whereas social norms, climate 
change concern and trust appear related to intentions to seek climate 
change information in adults (Choo, 2023), and adults who are more 
actively engaging with climate change also report higher levels of in
formation seeking (Chon & Kim, 2025). Thirdly, online information 
seeking is positively related to real-life action, for example in the form of 
participation in political protests (Gainous et al., 2021). Given that 
platforms such as YouTube are likely important sources of information 
about climate change for youth (e.g., Duran-Becerra et al., 2020; Kaul 
et al., 2020), we regard information seeking in the form of choosing and 
(partially) watching one of various YouTube videos as an ecologically 
valid behavioral measure for youth.

On top of the aforementioned cognitive, affective, and behavioral 
components of engagement, we include individual interest in both 
climate change and science in the network. Individual interest is 
commonly defined as a trait-like tendency to (re-)engage with a subject 
of interest (e.g., Hidi & Renninger, 2006; Krapp, 2002; Sachisthal et al., 
2020) and is closely related with other components in the engagement 
network, including factual knowledge (Renninger & Bachrach, 2015), 
self-efficacy (Nieswandt, 2007), and is thought to be a condition for 
current and future behavioral engagement (e.g., Ainley et al., 2002; 
Sachisthal et al., 2020). Lastly, given the importance of social in
teractions in not only engagement, but also in acquiring knowledge, 
values and beliefs (c.f., Bandura, 1977; Bandura, 1986), we include 
social influence of parents and peers (Ojala, 2015) as the final compo
nent within the network. Highlighting the importance of social influ
ence, acceptance and frequent discussion of climate change with family 
and friends positively relates to climate change-related norms and 
values, concern and engagement in youth (Stevenson et al., 2019; Van 
der Linden et al., 2015).

In conclusion, the aim of the current study is twofold. Firstly, we aim 
to explore the structure and interrelations of different constructs which 
make up engagement with climate change in youths. This is achieved via 
a psychometric network approach to model how different psychological 
constructs are related while controlling for the other constructs in the 
network (Schmittmann et al., 2013). We examine whether relationships 
observed by previous research can be replicated when various other 
engagement-relevant constructs are also taken into account. Secondly, 
we aim to study the relation of these constructs, as usually measured by 
self-report survey questions, with a behavior of interest, namely infor
mation seeking (e.g., Dalege et al., 2017; Sachisthal et al., 2020). The 
current study administered an online questionnaire to measure psy
chological constructs related to climate change engagement followed by 
the option to watch a short video on climate change as a measure for 
behavioral engagement (i.e., information seeking). Both the relation
ships between the psychological constructs and their relationship with 
climate change engagement were studied in an exploratory fashion 
using psychometric network analysis.

2. Methods

2.1. Design

In this cross-sectional cohort study, a between-subject network was 
estimated and analyzed to obtain insights into the interrelation of psy
chological variables and their relation with climate change engagement.

2.2. Participants

Out of 921 people who started the online questionnaire, 436 con
sented to the use of their information both prior to administration and 
after completion of the questionnaire. Of the initial participants, 856 
were recruited by research teams of a large university in the Netherlands 
in December 2020 (113 through the lab and 743 through social media) 
and the remaining 65 participants recruited by the research team of 
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another large university in spring of 2021. In total, 10 participants were 
excluded due to irregular answering behavior (e.g., too fast, same re
sponses on all items; see Supplementary Materials S3.1 for more infor
mation on exclusion criteria). The resulting sample of N = 426 was 
included in the analysis. Given the rule of thumb of needing N = 20 per 
node (Epskamp, 2016), this is sufficient (the network in this study 
included 14 nodes). The study was approved by the local ethics com
mittee (ethics code: 2020-COP-12816).

The final sample consisted of 176 males, 243 females, and 7 other/ 
non-binary, with a mean age of 19.8 years (SD = 2.35). Almost half 
(45.5 %) of participants were ages 16 through 18, with the majority 
(63.8 %) currently enrolled in high school or vocational education. 
Women outnumbering men is particularly relevant as women are 
generally more concerned about climate change than men, at least in 
affluent Western countries (Clayton et al., 2023; Knight, 2019; Lewis 
et al., 2019; Pearson et al., 2017; Ross et al., 2024). Women also appear 
on average more knowledgeable about climate change while also 
underestimating their knowledge relative to men (Pearson et al., 2017; 
Rachmadian et al., 2025; Ross et al., 2024; Selm et al., 2019) at least at 
low and average education levels (Aguilar-Gomez et al., 2024).

In terms of socioeconomic status (SES), 84.5 % and 24.4 % of par
ticipants reported belonging to the top 50 % and 25 % of society, 
respectively. Political adherence leaned slightly towards the leftist (M =
3.37; Mdn = 3), with 26.8 % of participants reporting a ‘left’ to ‘extreme 
left’ adherence as compared to 5.4 % reporting a ‘right’ to ‘extreme 
right’ adherence. This is relevant as more left leaning Western Euro
peans agree with climate change being human caused, are more worried 
about climate change (Fisher et al., 2022; Gregersen et al., 2020), and 
engage with climate change more (Kácha et al., 2022) than more right 
leaning Western Europeans. Moreover, climate change attitude net
works across political affiliation have been found to be similar in 
structure, but to differ in which attitudinal nodes are central within the 
network (Lind et al., 2024).

The majority of participants scoring extremely low on skepticism 
stands out, but aligns with findings from the Netherlands on the Euro
pean Social Survey from 2016, with less than 10 % of Dutch adults 
reporting climate skepticism (Poortinga et al., 2019). We conclude that 
there is no need to split the sample into skeptics and non-skeptics.

2.3. Materials

2.3.1. Questionnaires
Participants were asked to complete different questionnaires 

measuring constructs which have been found to (in)directly be related 
with pro-environmental engagement as well as a pro-environmental 
behavior questionnaire. All items were answered on a 4- or 5-point 
Likert scale, apart from the knowledge scale, which was answered on 
a binary scale (0 = correct; 1 = incorrect). The questionnaires were 
based on validated questionnaires used in earlier research. Some ques
tionnaires were shortened and at times items were added to include 
important facets of the constructs. Displayed in Table 1 are the construct 
measured per questionnaire, the source of the questionnaire, the Cron
bach's alpha of the questionnaire calculated using the sample of this 
study (N = 426 Dutch teenagers and young adults between 16 and 24 
years old), the number of items used in the current study, and example 
items. For all items, please see Supplementary Materials S1.

2.3.2. Demographics
The following demographic variables were assessed, as they have 

been found to impact climate change concern and/or behavior: gender 
(female, male, other), age (in years), socioeconomic background (Mac
Arthur Scale of Subjective Social Status; Adler et al., 2000), size of town 
of residence, political orientation (Tobler et al., 2012), school type and 
level of education. Additionally, climate change skepticism2 (Ojala, 
2015; Tobler et al., 2012) was included as a control variable, given that 
climate change skeptics have been found to differ in their response to 
climate change information and appeals (Hoffman, 2011; Stern, 2012).

2.3.3. Behavioral engagement
Ten different video titles were displayed to the participants upon 

completing the questionnaires. Upon rating the interestingness of the 
videos (not included in current study), participants had the choice to 
either watch one of the videos or not. If they chose to start watching one 
of the videos, engagement is scored as “1”, whereas if they chose to not 
start watching any of the videos, it is scored as “0”. Additionally, we 
checked whether participants stayed on the video page, this variable was 
used to re-code individuals as “0” who stayed on the page for too short, 
that is, less than the median engagement time (i.e., 16 s). This led to the 
re-coding of 116 individuals to “0”, see the Supplementary Materials 
S3.7 for more details.

2.3.4. Video titles
The video titles shown were of 10 videos which are available on 

YouTube and which are about climate change. Video titles were chosen 
to represent a range of topics, from hope (“3 climate change solutions 
that might actually work”) to knowledge (“What is climate change?| 
Start here”) and distress (“Is It Too Late To Stop Climate Change? Well, 
it's Complicated”). All video titles and links to the videos can be found in 
the Supplementary Materials S2.

2.4. Procedure

Participants were recruited through the respective university lab 
websites for participation points (0.5 points for participation) and 
through social media (Instagram) for a payment of 5 Euros, which was 
paid out upon completion of the study. The study was advertised as 
being about the opinion of Gen-Z (16- to 24-year-olds), as to increase the 
range of individuals who would start (and finish) the study.

At the beginning of the survey, participants could indicate whether 
they would like to fill in the survey in English or Dutch. Next, they were 
presented with the informed consent and a study description, which they 
could download. Only if they confirmed that they were (1) 16 years or 
older, (2) read and understood the information letter, (3) agreed to 
participate in the study and the use of the data that are collected (4) 
agreed for the anonymized responses to be shared with others and (4) 
reserve the right to withdraw their participation at any moment without 
providing any reason, they could start the survey.

Before being presented with the questionnaires, participants were 
asked about their background variables (e.g., gender, age, political 
orientation). The questionnaires were presented in the same order for all 
participants, starting off with the interest questionnaires (science in
terest, interest in climate change), followed by the trust, self-efficacy and 
behavior questions. Next, they filled in the questions about hope, 
distress, and skepticism, which were followed by the knowledge items. 
Lastly, the questions about their biospheric values, psychological dis
tance of climate change and perceived social norms were posed.

Upon finishing the questionnaires, participants were presented with 
10 video titles, which they rated on interestingness, a measure not 

2 To measure climate change skepticism, Participants were asked to indicate 
to what degree the four statements (e.g., “I doubt that climate change is going 
on”) correspond to how they think on a 5-point Likert scale (1 = doesn't apply at 
all, to 5 = applies perfectly), in the current sample the Cronbach's α of the scale is 
0.80.
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included in this study. They then were offered the option to watch one 
(or none) of the videos. If they chose to watch the video, they were then 
shown the video and could watch the video as long as they wanted.

Lastly, all participants were thanked for their participation and were 
asked for consent of their data being submitted and anonymously shared 
with others.

2.5. General analysis routine

Psychometric networks consist of so-called nodes, representing the 
included measures (i.e., the mean of the science interest scale), and edges 
connecting the nodes (Epskamp et al., 2012; Schmittmann et al., 2013). 
Edges represent the unique association between any two nodes, meaning 
that any relationship between a pair of nodes is estimated while con
trolling for the other included nodes. We followed the reporting stan
dards for between-subject psychometric network analyses developed by 
Burger et al. (2022).

2.5.1. Sample collection and variable selection procedure
Within the final sample of N = 426, outliers were identified based on 

sum scores using the robust scale estimatorn. A total of 68 outliers were 
detected, ranging from ages 16 to 24 (M = 18.5 years; SD = 2.42), the 
majority of whom (i.e., 61.8 %) were 18 years or younger. Among the 
outliers there were 32 males, 34 females, and 2 other/non-binary. The 
majority (48 out of 68) were outliers based on too low sum scores on the 
knowledge subscale. The results for the analyses with outliers removed 
can be found in the Supplementary Materials S5.

A principal component analysis (PCA) was performed on the ques
tionnaire data to reduce the number of variables to be entered into the 
network analysis. Only the pro-environmental behavior and factual 
Knowledge questionnaires provided solutions with more than one 

component, suggesting that more than one variable was being 
measured. The two behavioral components were interpreted as high 
versus low-dedication pro-environmental behaviors (denoted Pro- 
environmental behavior 1 and 2, respectively) and the two knowledge 
components were interpreted as common versus advanced knowledge 
(denoted Knowledge 1 and 2, respectively). Details are found in Sup
plementary Materials S3.6.

The variables entered into the network analysis were the components 
found in the PCA, specifically the sum of item scores of each component 
weighted according to their component loadings. As such, each ques
tionnaire is represented by one node apart from the behavior and 
knowledge scales, both of which are represented by two nodes (one per 
component). This resulted in the inclusion of 14 nodes in the network. 
One node was binary (Engage) and all other nodes were continuous.

2.5.2. Estimation method
The network was estimated using the estimateNetworks function in 

the R-package bootnet (Epskamp et al., 2018) using mgm as default, as 
mgm has been shown to perform well at discovering true edges in small 
sample sizes (Isvoranu & Epskamp, 2023). Mgm stands for mixed 
graphical modeling (Haslbeck & Waldorp, 2020), and can be used if 
variables differ in their scale (i.e., continuous and binary data). All 
psychological variables were included as continuous variables, whereas 
engagement was included as a binary variable (“0” = no/low engage
ment; “1” = engaged). In the mgm, the least absolute shrinkage and 
selection operator (LASSO; Tibshirani, 1996) is used to avoid false 
positive edges, resulting in a sparse network structure. The LASSO sets 
small edge weights to zero and shrinks all edge weights towards zero, 
based on a penalty parameter. The penalty parameter λ is selected using 
the Extended Bayesian Information Criterion (EBIC; Foygel & Drton, 
2010). The tuning parameter γ of the EBIC is set to 0.25 for the main 

Table 1 
Overview of the Questionnaires Included.

Construct/ node name Reference Cronbach's 
alpha

Number of 
items

Example items Scale

Science interest/ IntSci Rotgans (2015) 0.93 8 “I am very interested in science.” 
Added: “I know a lot about science.”

1 (not true at all for me) to 
5 (very true for me)

Interest in climate 
change/ IntCli

Rotgans (2015) 0.89 8 “I (would have) enjoy(ed) learning about climate change in 
school.” 
“I am interested in climate change since I was young.” 
Added: “I know a lot about climate change.”

1 (not true at all for me) to 
5 (very true for me)

Trust Ojala (2005) 0.67 4 “I think that environmental organizations (e.g., Greenpeace) 
can influence environmental problems in a positive 
direction.”

1 (not at all) to 5 (to a large 
extent)

Self-efficacy/ SE Deisenrieder et al. 
(2020)

0.83 3 “I am able to reduce my CO2-emission.” 1 (I do not agree at all) to 5 
(I totally agree)

Huang (2016) 3 “Although it may cause inconvenience, I can still change my 
behavior to mitigate global warming.”

1 (I do not agree at all) to 5 
(I totally agree)

Pro-environmental 
behavior/ PEB1-PEB2

Deisenrieder et al. 
(2020)

0.83 17 (original 
scale: 20)

“I discuss with family or friends about climate change and its 
impacts.” 
“Before I buy a product, I think about if I really need it.”

1 (never) to 5 (always)

Hope Stevenson and 
Peterson (2016)

0.61 5 
(original 
scale: 8)

“If everyone works together, we can solve problems caused 
by climate change.” 
Added: 
“Climate change is such a complex problem, we will never be 
able to solve it.” (Despair scale)

1 (strongly disagree) to 5 
(strongly agree)

Climate change distress/ 
Distr

Reser et al. (2012) 0.80 6 “I experience distress about climate change.” 1 (doesn't apply at all) to 4 
(applies perfectly)

Factual Knowledge/ 
Know1-Know2

Tobler et al. (2012) 0.63 17 
(original 
scale: 31)

“Climate change is mainly caused by natural variations (such 
as changes in solar radiation intensity and volcanic 
eruptions).”

0 (incorrect), 1 (correct)

Biospheric values/ BioVal De Groot and Steg 
(2007)
and Tobler et al. 
(2012)

0.80 6 “Preventing pollution is a guiding principle in my life.” 
Added: 
“Preserve biodiversity….” 
“Protect the climate's delicate equilibrium….”

1 (not important) to 5 (very 
important)

Psychological distance/ 
Distance

Deisenrieder et al. 
(2020)

0.85 6 “My life today is affected by climate change.” 1 (not affected at all) to 5 
(totally affected)

Social influence/ SocInf Ojala (2015) 0.60 2 “My parents believe that the problems concerning the 
environment and the climate change impact have been 
exaggerated.”

1 (doesn't apply at all) to 4 
(applies perfectly)
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models reported in the paper (see the Supplementary Materials S4.3 for 
sensitivity analyses). The mgm using EBIC and gamma = 0.25 has been 
found to perform well at lower sample sizes concerning network repli
cability (Isvoranu & Epskamp, 2023).

2.5.3. Accuracy and stability checks
We ran bootstraps and edge difference tests (Epskamp et al., 2018) to 

assess the stability and accuracy of edges and node strength, and to test 
whether certain edges were significantly stronger than others. Both the 
bootstraps and edge difference tests were based on 1000 bootstrap 
samples. For a more detailed description of the stability checks, see the 
Supplementary Materials S4.1.

2.6. Analysis-specific routine

2.6.1. Edges with outcome variable
As we were interested in direct edges between nodes and the 

behavioral outcome variable note (Engage), we will investigate the 
strength of these edges as well as their stability. In addition, to gain 
insights into the extent to which the direct edges explain variance of the 
binary outcome variable, we will calculate odds ratios for each edge 
connected with the node Engage (Haslbeck, 2020).

2.6.2. Community detection
Communities (i.e., clusters) of nodes within the network were 

explored using the walktrap (Pons & Latapy, 2006) and spin glass al
gorithm (Reichardt & Bornholdt, 2006). Community detection allows 
for the inspection of nodes which are strongly interconnected and may 
thereby extend greater influence on one another. Communities are 
identified by random walks across the network structure by the walktrap 
algorithm (Pons & Latapy, 2006), whereas the spin glass algorithm as
sesses whether two nodes tend to be in a similar state, which would 
indicate that they belong to the same community (Reichardt & Born
holdt, 2006). We used the igraph package (Csardi & Nepusz, 2006) to run 
both algorithms and varied the numbers of steps or spins taken, 
respectively, to test which algorithms produced more stable results 
(Werner et al., 2018), see Supplementary material S4.2 for more 
information.

2.6.3. Node centrality
As strength centrality has been found to be the most stable measure 

of node centrality (e.g., Epskamp et al., 2018; Isvoranu & Epskamp., 
2021), only strength centrality (i.e., the direct influence a node has on 
other nodes) was computed. Strength centrality is the sum of the abso
lute values of all edges a given node has (Opsahl et al., 2010). Centrality 
was plotted using the function centralityPlot included in the R-package 
qgraph (Epskamp et al., 2012). The centrality stability (CS) coefficient 
was computed to determine strength stability. The CS coefficient needs 
to be larger than 0.25 and preferably above 0.50 to be deemed suffi
ciently stable (Epskamp et al., 2018).

3. Results

3.1. General analysis routine

3.1.1. Descriptives
Means and standard deviations of mean scores on the measured 

variables (based on the PCA components) are provided in the Supple
mentary Materials S3.8.

3.1.2. Accuracy and stability checks
The results of the accuracy and stability checks can be found in the 

Supplementary Materials (S4.1). As the confidence intervals of the edges 
were quite broad and overlapping, the order of edge estimates should be 
interpreted with caution (see Fig. S4.1.1). Of the 91 potential edges, 21 
were found to be non-zero, with a mean edge weight of 0.03. Edges and 

strength centrality differences are only highlighted in the Result section 
if they were found to be significantly different from zero or from one 
another (see Figs. S4.1.3 and S4.1.5 in the Supplementary Materials).

3.2. Analysis-specific routine

3.2.1. Network visualization
The estimated network is displayed in Fig. 1; see Table 2 for the edge 

estimates and correlations between constructs. Edges represent unique 
relations between nodes. Most nodes are positively related, as indicated 
by the blue edges connecting the nodes. Edge weights that were non- 
zero ranged from 0.04 (BioVal-Distress) to 0.32 (PEB1-PEB2) and the 
mean edge weight was 0.03. 21 out of 91 potential edges were non-zero 
edges. We used the automatically generated layout based on the 
Fruchterman-Reingold algorithm (Fruchterman & Reingold, 1991) to 
aid network visualization, selected the colorblind-theme (Epskamp 
et al., 2012) and made negative edges dashed. We did not use minimum, 
maximum or cut values for the visualization.

Edge estimates as well as correlations between variables are dis
played in Table 2. Most nodes are positively related, as indicated by the 
solid blue edges connecting the nodes. The edges that are significantly 
stronger than most other edges are the edges connecting the behavior 
nodes (PEB1-PEB2), the edge between a behavior node and interest in 
climate change (PEB1-IntCli), and the edge between Hope and self- 
efficacy (SE) (see Fig. S4.1.3 in the Supplementary Materials).

3.2.2. Edges with outcome variable
One edge connected the outcome variable (Engage) with another 

node, namely Self-efficacy, with the edge weight being 0.09 and the odds 
ratio being 1.19.

3.2.3. Community detection
The spin glass algorithm could not be run due to not all nodes being 

connected. The walktrap algorithm was relatively stable, with either 
four or five clusters being detected (see Supplementary material S4.2). 
Given ease of interpretability, only the four cluster-solution is inter
preted. Four communities were detected: Each made up of two to five 
nodes; the coloring of the nodes in Fig. 1 shows their community 
membership. The largest two communities, consisting of five nodes 
each, included BioValue, SE, Trust, Hope, and Engage (green) and the pro- 
environmental behavior nodes (PEB1, PEB2), IntCli, Distance and Distress 
(blue). Social influence and Know1 formed a community (maroon), which 
was only weakly connected to the other communities. Lastly, Science 
Interest and Know2 formed a community (yellow), which was not con
nected to the other nodes.

3.2.4. Node centrality
Strength centrality was deemed stable enough (CS[cor = 0.7] =

0.60). Strength centrality is displayed in Fig. 2. Differences between 
strength centrality of different nodes is only interpreted if they signifi
cantly differ, as indicated by the bootstrap difference test (see Fig. S4.1.5 
in the Supplementary Materials). The nodes with the highest centrality 
are Self-efficacy, and PEB1 which are significantly higher than the 
strength centrality of most other nodes, but do not differ from one 
another in strength centrality.

4. Discussion

Climate change engagement is a complex, multifaceted phenomenon 
consisting of multiple interrelated cognitive, affective, and behavioral 
variables. As such, the current study adopted a psychometric network 
approach to, firstly, model how different climate change engagement 
variables including cognitions, emotions and behaviors are related in 
Dutch youth and, secondly, test which constructs are directly related 
with a measure of behavioral engagement of interest, that is, voluntary 
information seeking. Included in the network were the following 
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Fig. 1. Network of the Climate Change Engagement of Dutch Youth (16- to 24-year-olds). 
Note. The nodes represent components measuring climate change views and behavior as well as knowledge. The colors of the nodes correspond to detected com
munities. The square node is the binary outcome variable (behavioral engagement: information seeking). Blue edges connecting nodes represent positive relations 
between nodes, after controlling for all other nodes in the network. Abbreviations: Distance = psychological distance, BioVal = biospheric value, SE = self-efficacy, 
SocInf = social influence, Know1-Know2 = knowledge variables 1–2, IntSci = science interest, IntCli = interest in climate change, PEB1-PEB2 = pro-environmental 
behavior variables 1–2. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2 
Correlations (Upper Triangle) and Edge Weights (Lower Triangle) between the Variables included in the Climate Change Network.

Science 
interest

Climate 
interest

Trust SE PEB1 PEB2 Hope Distress Know1 Know2 BioValue Distance Social 
Inf

Engage

Science 
interest

0.19 0.08 0.17 0.10 0.14 0.14 0.04 0.10 0.27 0.19 − 0.02 0.02 0.11

Climate 
interest

0.00 0.37 0.40 0.59 0.44 0.22 0.48 0.10 0.18 0.37 0.33 0.12 0.14

Trust 0.00 0.08 0.45 0.28 0.29 0.35 0.34 0.08 0.04 0.33 0.38 0.03 0.07
Self-efficacy 0.00 0.08 0.18 0.34 0.33 0.47 0.44 0.26 0.04 0.44 0.34 0.14 0.18
PEB1 0.00 0.32 0.00 0.00 0.57 0.22 0.51 0.08 0.09 0.36 0.30 0.08 0.18
PEB2 0.00 0.00 0.00 0.00 0.32 0.25 0.41 0.12 0.18 0.36 0.28 0.09 0.22
Hope 0.00 0.00 0.08 0.25 0.00 0.00 0.23 0.24 0.15 0.28 0.24 0.19 0.13
Distress 0.00 0.10 0.00 0.14 0.21 0.04 0.00 0.16 0.05 0.36 0.46 0.07 0.15
Know1 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.04 0.04 0.09 0.23 0.04
Know2 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.02 0.13 0.03
Biospheric 

Value
0.00 0.00 0.04 0.20 0.00 0.07 0.00 0.04 0.00 0.00 0.28 0.05 0.13

Distance 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.06 0.11
Social 

Influence
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 − 0.02

Engage 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Note. Values in bold denote significant correlations (p < .05; upper triangle) and edges that are non-zero based on bootstrapping (lower triangle). Correlation between 
continuous variables are Pearson correlations, correlations with the binary variable (Engagement) are Point Biserial correlations. Abbreviations: PEB = pro-envi
ronmental behavior.
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variables: self-reported (1) self-efficacy, (2) biospheric values, (3) 
constructive hope, (4) trust in societal actors, (5) psychological distance, 
(6) factual knowledge, (7) climate change distress, (8) climate change 
interest, (9) science interest, (10) social influence, and (11) pro- 
environmental behavior. Also included was actual information seeking 
behavior in the form of choosing and actually watching (part of) a video 
on climate change. We found that all variables in the network were 
positively related and that constructs formed communities of tightly 
interconnected nodes. As expected (c.f., Ajzen, 1991; Bandura & Wes
sels, 1997; Bostrom et al., 2019; van Valkengoed & Steg, 2019) self- 
efficacy was directly linked with information seeking.

Concerning our first aim, namely to explore the structure and in
terrelations of constructs that make up climate change engagement in 
youths, we found that the constructs incorporated formed communities 
of closely interconnected constructs. Two larger, more well-connected 
communities emerged as well as one smaller, more peripheral commu
nity and one small unconnected community. Below, we provide inter
pretation for these findings based on theory and prior research results.

The first large community consisted of self-efficacy, hope, trust, 
biospheric values and information seeking. A positive relationship be
tween self-efficacy and hope as well as self-efficacy and trust in societal 
actors has already been observed in youths (Baldwin et al., 2023; Ojala, 
2012a; Ojala, 2015). This aligns with earlier research showing that self- 
efficacy plays a central role in meaning-focused coping — that is, the 
employment of cognitive strategies which help an individual cope with 
stressors by activating positive emotions/cognitions (i.e., hope and 
trust) without resorting to denial (Ojala, 2012b). Meaning-focussed 
coping involves reappraisal of the situation, focussing on the positive, 
or revising goals and draws on climate-change values and beliefs, which 

relate negatively to avoidance and denial (Poortinga et al., 2011). This is 
especially important when a threat cannot be immediately resolved in 
order to reduce distress and keep one from being overwhelmed (Guo, 
Gan, & Tong, 2013; Homburg et al., 2007; Ojala, 2013). As such, the first 
community likely represents meaning-focussed coping.

The second large community consisted of distress, psychological 
distance, climate change interest, and both low- and high-effort pro- 
environmental behaviors. The positive relationships between behavior 
and climate change interest (Hidi & Renninger, 2006) and behavior and 
distress align with prior findings (Bradley et al., 2014). However, psy
chological distance was expected to reduce the perceived threat of 
climate change, consequently reducing climate change distress (Carmi & 
Kimhi, 2015; Chu & Yang, 2019; Geiger, Swim, & Fraser, 2017; Gubler 
et al., 2019; Maibach et al., 2010; McDonald et al., 2015; Mead et al., 
2012; Spence et al., 2012), while our findings indicate a positive rela
tionship. Similarly, a positive relationship between distress and the first 
community (meaning-focussed coping) was found while prior research 
reported a negative relationship (Guo et al., 2013; Homburg et al., 2007, 
but see also Borgelt, 2020).

The positive relationships of distress can be explained by distress not 
necessarily being maladaptive or dysfunctional. Studies show that 
distress can boost other aspects of climate change engagement so long as 
the threat of climate change motivates one to confront rather than avoid 
the threat — which seems dependent on self-efficacy (Bradley et al., 
2014; Stevenson et al., 2018; Stevenson & Peterson, 2016; Whitmarsh 
et al., 2022). The current sample of youths scored relatively high on self- 
efficacy (see Supplement S3.4) so it is reasonable to assume that they felt 
capable of handling climate change, explaining why distress motivates 
rather than discourages them. As such, the second community is 

Fig. 2. Strength Centrality of the Nodes included in the Climate Change Engagement Network of Dutch Youth (16- to 24-year olds). 
Note. Centrality scores are raw scores. See Table 1 for the abbreviations of the node names. The order of the nodes on the y-axis is alphabetical.
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interpreted as problem-focussed coping, that is, cognitive strategies 
focussed on seeking out and acting on ways to eliminate the stressor 
(Ojala, 2012b). Problem-focussed coping is particularly important to 
undertaking action but may also increase distress (Borgelt, 2020).

Connecting the meaning-oriented and problem-oriented coping 
communities was a positive relationship between self-efficacy and 
distress. On a node level this makes sense as self-efficacy requires a 
minimum level of distress (Ojala, 2012b, 2021); if there is no perceived 
threat, there is nothing to be efficacious about (c.f., Extended Parallel 
Process Model; Maloney et al., 2011; Witte, 1992). This indicates once 
again that distress is not necessarily maladaptive and can even stimulate 
climate change engagement by positively influencing other cognitive, 
affective, and behavioral aspects of it. On a community level, this pos
itive relationship may reflect a link between problem-focussed and 
meaning-focussed coping strategies. Problem-focussed coping concern
ing climate change is positively related with distress (Ojala, 2012b; 
Ojala, 2021; Witte, 1992) as problem-solving requires actively con
fronting oneself with threatening information (Ojala, 2013). When 
problem-focussed coping causes distress, meaning-focussed coping may 
be employed to safeguard one's mental well-being by evoking positive 
emotions. We conclude that problem-focussed and meaning-focussed 
coping complement one another in climate change engagement.

A second connection between the meaning-focussed coping and 
problem-focussed coping communities was a positive relationship be
tween psychological distance and trust. Trust in different societal actors 
has been proposed as a source of hope (Ojala, 2021, 2022). This may be 
explained by trust in actors playing an important role in risk perceptions 
(Cruwys et al., 2021), especially in cases in which the threat lies beyond 
one's control, as is the case with climate change. In such cases, higher 
risk perceptions (i.e., low psychological distance) correlate with trust (e. 
g., Bronfman & Vázquez, 2011; Vainio et al., 2017; Visschers & Siegrist, 
2013, but see also: Siegrist, 2021). On a community level, this may 
reflect how a higher level of perceived personal threat requires more 
meaning-focussed coping or, alternatively, that meaning-focussed 
coping allows some psychological distance from a threatening issue to 
make it easier to deal with. This further supports the aforementioned 
notion that problem- and meaning-focussed coping have a comple
mentary relationship. However, we emphasize the importance of future 
studies to confirm this conclusion.

The first small community consisted of social influence and common 
knowledge about climate change, suggesting that peers and family 
members who believe in climate change may boost mainstream 
knowledge about the subject (Stevenson et al., 2019). This community 
may thus represent social aspects of climate change. Social Learning 
Theory and Social-Cognitive Theory (Bandura, 1977; Bandura, 1986) 
suggested closer connections between social influences and self-efficacy, 
values, and behavior than emerged in this study. This discrepancy may 
be explained by the operationalisation of social influence as the extent to 
which family and friends consider climate change a serious threat. Such 
perceptions are closely related to knowledgeability (Stevenson et al., 
2019) so it seems logical that social influences in this study would relate 
primarily to knowledge. The relative unimportance of social influences 
in the climate change engagement network should be interpreted with 
this narrow operationalization in mind.

The second, unconnected, small community consisted of science in
terest and advanced knowledge about climate change, which were 
likewise positively related. This suggests that an affinity with science 
aids in understanding more complex facts concerning the causes and 
consequences of climate change. This community may thus represent 
science affinity. Knowledge appearing only in these two smaller, sepa
rate clusters suggests that knowledge only plays a peripheral role in 
climate change engagement, which is in line with prior research 
regarding science engagement (Sachisthal et al., 2019, 2020). An 
explanation is that the current sample was relatively knowledgeable 
about climate change (see Supplement S3.4 and Supplement S3.6). In a 
more diverse sample with more variability in climate change 

knowledge, we expect knowledge to have a more prominent role in 
climate change engagement.

Finally, self-efficacy was the most central construct within the 
network, connecting to a variety of nodes in its own as well as other 
communities, in addition to being the only variable directly connected 
with the behavioral measure information seeking. This is in accordance 
with earlier research highlighting the relevance of perceived efficacy for 
learning about climate change in the classroom (Carman et al., 2021) 
and for individual information-seeking behavior in teenagers (Mead 
et al., 2012), as well as other pro-environmental behaviors (Fielding & 
Head, 2012; Huang, 2016; Lauren et al., 2016; Meinhold & Malkus, 
2005). Many theories, including the Theory of Planned Behavior, sug
gest that efficacy is a direct causal predictor of behavior (Ajzen, 1991; 
Fielding et al., 2008; Van Zomeren et al., 2008). Others advocate the 
plausibility of a reciprocal relationship, in which active behavior stim
ulates self-efficacy, which in turn motivates future behavior (Wamsler 
et al., 2023). Either case supports the conclusion that information 
seeking in youths may be increased by stimulating self-efficacy. Both the 
current and prior studies suggest that self-efficacy can be stimulated via 
distress (Hart & Feldman, 2016; Hornsey et al., 2022). As such, in
terventions that emphasize the threat of climate change may be useful in 
sparking climate change information seeking in youths — at least in 
youths who are already relatively devoted to climate change, which 
seems to be the case in the current sample. This may not apply to climate 
change skeptics as prior research has suggested that they respond 
differently, perhaps negatively, to high-threat messaging as the threat 
may activate denial-based coping (Bain et al., 2012; Stern, 2012). We 
generally caution against generalizing current findings to this group as 
the youths in this study reported low climate change skepticism.

4.1. Limitations and future research

Our findings should be interpreted with care given the following 
limitations. First, as is always the case, the current results should be 
interpreted in the light of the specific sample that was studied and may 
not be generalizable for other groups. Specifically, the sample consisted 
of a youth living in the Netherlands, with a majority being female, with 
relatively high levels of SES and identifying as rather left-winged on the 
political spectrum — all characteristics associated with more 
environmentally-friendly and aware perceptions, attitudes and behavior 
(e.g., Clayton et al., 2023; Knight, 2019; Lee et al., 2015; Lewis et al., 
2019; Pearson et al., 2017; Poortinga et al., 2011; Ross et al., 2024). 
Importantly and likely relatedly, the levels of climate change skepticism 
in the sample was extremely low. Given the potential importance of 
these demographics (e.g., Lind et al., 2024) on the constructs included in 
the network, future, better powered studies could consider including the 
characteristics as potential mediators in the network. Alternatively, 
given a large enough sample, networks of the different groups could be 
compared on different network characteristics using the network com
parison test (van Borkulo et al., 2022).

Second, while we included many relevant constructs in the climate 
change network, additional constructs may be of importance and could 
be included in future studies. For instance, a recent study has shown that 
eco-anger predicts climate action (Stanley et al., 2021), whereas other 
studies have highlighted the importance of psychological distance 
(Spence et al., 2012; but see Van Valkengoed et al., 2023), risk per
ceptions (van der Linden, 2014), other forms of efficacy including col
lective efficacy (Chen, 2015; Homburg & Stolberg, 2006; Jugert et al., 
2016) and external factors, including institutional, economic, social and 
cultural factors (Kollmuss & Agyeman, 2002). As discussed in Vu et al.’ 
(2021) review paper on motivation and achievement, one potential 
avenue of research using psychometric networks is to derive constructs 
empirically, which may be fruitful in the context of psychological 
climate change constructs, given the potential overlap of constructs (see 
Gonzalez et al., 2021 for a discussion of jingle and jangle fallacies of 
psychological constructs).
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Third and relatedly, the current psychometric network approach, 
while a valuable tool in detecting the structure underlying a large 
number of variables, is exploratory in nature. Despite theory and prior 
research findings guiding the construction and interpretation of the 
network to reduce subjectivity therein, it must be noted that future 
confirmatory studies are needed to test the robustness of our conclusions 
(for a detailed discussion, see Lass et al., 2023).

Fourth, while we did include a behavioral measure of climate change 
engagement, that is, information-seeking behavior, the results of the 
current study only pertain to this specific type of behavior. And while 
information seeking has been related to important other behaviors such 
as active civic climate engagement (Chon & Kim, 2025), it is not clear 
how closely this type of behavior is related to other forms of impactful 
pro-environmental behavior (e.g., avoiding flying, reducing meat con
sumption; Ivanova et al., 2020). In the current study, information 
seeking showed weak positive correlations with the composite scores of 
the self-reported measures of pro-environmental behavior (r =

0.18–0.22), comparable to correlations found between self-reported pro- 
environmental behavior and engagement in consequential behavioral 
tasks, for instance (Bosshard et al., 2024). Future research could use 
behavioral paradigms that model impactful real world pro- 
environmental behavior more closely (Lange, 2023; Lange & Dewitte, 
2019).

Fifth and finally, intervention studies targeting directly linked and 
central components are needed to test whether they are indeed effective 
targets for intervention, as no causal inferences can be made based on 
node centrality (Dablander & Hinne, 2019). Some evidence supporting 
the notion of efficacy of choosing intervention targets based on networks 
does exist: Zwicker et al. (2020) showed that manipulating a component 
directly related to behavior in an attitude network did increase behavior 
(donating to a sustainable cause). Testing in an experimental design, 
whether directly linked and more central, as compared to further 
removed or more peripheral components do indeed have a larger effect 
on behavior is an important avenue for future research.

4.2. Conclusion

In the current study, we mapped psychological constructs related to 
climate change engagement, and actual behavioral engagement with 
climate change of Dutch youth, using a psychometric network approach. 
In doing so, we have adopted an approach that allows for modeling the 
complexity of the interrelations between a large number of variables 
closely connected to engagement. The structure of the network pointed 
to the importance of different coping mechanisms in climate engage
ment, with variables related to problem- and meaning-focused coping 
forming separate, but closely connected, communities. Additionally, 
while climate change knowledge plays a more peripheral role in climate 
engagement, affective variables such as distress and hope were more 
central. We also replicated earlier research findings pointing to the 
importance of self-efficacy within the network of climate change 
engagement. Self-efficacy was not only directly linked with other psy
chological constructs including distress, hope, biospheric values, trust 
and climate change knowledge, but also was the only network compo
nent directly linked with actual behavioral engagement in the form of 
information seeking. We discuss how our results may inform interven
tion design aimed at increasing engagement with climate change and 
propose avenues for future research.
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González, D. (2024). Gender gaps in knowledge, attitudes, and practices related to 
environmental degradation in Colombia. Environmental Research: Climate. https:// 
doi.org/10.1088/2752-5295/adcb62

Ainley, M., Hidi, S., & Berndorff, D. (2002). Interest, learning, and the psychological 
processes that mediate their relationship. Journal of Educational Psychology, 94(3), 
545–561. https://doi.org/10.1037/0022-0663.94.3.545

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human 
Decision Processes, 50(2), 179–211. https://doi.org/10.1016/0749-5978(91)90020-T

Alrashidi, O., Phan, H. P., & Ngu, B. H. (2016). Academic engagement: An overview of its 
definitions, dimensions, and major conceptualisations. International Education 
Studies, 9(12), 41–52. https://doi.org/10.5539/ies.v9n12p41

APA Task Force on Climate Change. (2022). Addressing the Climate Crisis: An Action 
Plan for Psychologists, Report of the APA Task Force on Climate Change. https:// 
www.apa.org/science/about/publications/climate-crisis-action-plan.pdf.

Bain, P. G., Hornsey, M. J., Bongiorno, R., & Jeffries, C. (2012). Promoting pro- 
environmental action in climate change deniers. Nature Climate Change, 2(8), 
600–603. https://doi.org/10.1038/nclimate1532

Baldwin, C., Pickering, G., & Dale, G. (2023). Knowledge and self-efficacy of youth to 
take action on climate change. Environmental Education Research, 29(11), 
1597–1616. https://doi.org/10.1080/13504622.2022.2121381

Bandura, A. (1977). Social learning theory. General Learning Press, New York</i>.
Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. 

Englewood Cliffs, NJ: Prentice Hall. 
Bandura, A., & Cherry, L. (2020). Enlisting the power of youth for climate change. 

American Psychologist, 75(7), 945–951. https://doi.org/10.1037/amp0000512
Bandura, A., & Wessels, S. (1997). Self-efficacy (pp. 4–6). Cambridge: Cambridge 

University Press.
Belam, M. (2019, September 26). Greta Thunberg: teenager on a global mission to ‘make 

a difference’. The Guardian. https://www.theguardian.com/environment/2019/sep/ 
26/greta-thunberg-teenager-on-a-global-mission-to-make-a-difference.

Bergquist, M., Nilsson, A., Harring, N., & Jagers, S. C. (2022). Meta-analyses of fifteen 
determinants of public opinion about climate change taxes and laws. Nature Climate 
Change, 12(3), 235–240. https://doi.org/10.1038/s41558-022-01297-6

Birkmann, J., Jamshed, A., McMillan, J. M., Feldmeyer, D., Totin, E., Solecki, W., & 
Alegría, A. (2022). Understanding human vulnerability to climate change: A global 
perspective on index validation for adaptation planning. Science of the Total 
Environment, 803, Article 150065.

M.S.M. Sachisthal et al.                                                                                                                                                                                                                       Acta Psychologica 258 (2025) 105290 

10 

https://doi.org/10.1016/j.actpsy.2025.105290
https://doi.org/10.1016/j.actpsy.2025.105290
https://doi.org/10.17605/osf.io/r6vum
https://doi.org/10.17605/osf.io/r6vum
https://doi.org/10.1037/0278-6133.19.6.586
https://doi.org/10.1088/2752-5295/adcb62
https://doi.org/10.1088/2752-5295/adcb62
https://doi.org/10.1037/0022-0663.94.3.545
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.5539/ies.v9n12p41
https://www.apa.org/science/about/publications/climate-crisis-action-plan.pdf
https://www.apa.org/science/about/publications/climate-crisis-action-plan.pdf
https://doi.org/10.1038/nclimate1532
https://doi.org/10.1080/13504622.2022.2121381
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0045
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0045
https://doi.org/10.1037/amp0000512
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0055
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0055
https://www.theguardian.com/environment/2019/sep/26/greta-thunberg-teenager-on-a-global-mission-to-make-a-difference
https://www.theguardian.com/environment/2019/sep/26/greta-thunberg-teenager-on-a-global-mission-to-make-a-difference
https://doi.org/10.1038/s41558-022-01297-6
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0075
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0075
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0075
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0075


Bissinger, K., & Bogner, F. X. (2018). Environmental literacy in practice: Education on 
tropical rainforests and climate change. Environment, Development and Sustainability, 
20(5), 2079–2094. https://doi.org/10.1007/s10668-017-9978-9

Blanken, T. F., Borsboom, D., Penninx, B. W., & Van Someren, E. J. (2020). Network 
outcome analysis identifies difficulty initiating sleep as a primary target for 
prevention of depression: A 6-year prospective study. Sleep, 43(5), Article zsz288. 
https://doi.org/10.1093/sleep/zsz288

Borgelt, L. B. (2020). Distress and coping strategies in a time of overwhelming climate change 
news (Bachelor’s thesis, University of Twente).

Borsboom, D., Deserno, M. K., Rhemtulla, M., Epskamp, S., Fried, E. I., McNally, R. J., & 
Waldorp, L. J. (2021). Network analysis of multivariate data in psychological 
science. Nature Reviews Methods Primers, 1(1), 58. https://doi.org/10.1038/s43586- 
021-00055-w

Bosshard, A., Berger, S., Lange, F., Sosa, A., Kankaanpää, E., Fellegi, E., & Brick, C. 
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Werner, M., Štulhofer, A., Waldorp, L., & Jurin, T. (2018). A network approach to 
hypersexuality: Insights and clinical implications. The Journal of Sexual Medicine, 15 
(3), 373–386. https://doi.org/10.1016/j.jsxm.2018.01.009

Whitmarsh, L., O'Neill, S., & Lorenzoni, I. (2013). Public engagement with climate 
change: What do we know and where do we go from here? International Journal of 
Media and Cultural Politics, 9(1), 7–25. https://doi.org/10.1386/macp.9.1.7_1

Whitmarsh, L., Poortinga, W., & Capstick, S. (2021). Behaviour change to address climate 
change. Current Opinion in Psychology, 42, 76–81.

Whitmarsh, L., Player, L., Jiongco, A., James, M., Williams, M., Marks, E., & Kennedy- 
Williams, P. (2022). Climate anxiety: What predicts it and how is it related to climate 

M.S.M. Sachisthal et al.                                                                                                                                                                                                                       Acta Psychologica 258 (2025) 105290 

13 

https://doi.org/10.1080/13504622.2011.637157
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0640
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0640
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0640
https://doi.org/10.1080/13676261.2015.1020927
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0650
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0650
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0650
https://doi.org/10.1080/14733285.2020.1822516
https://doi.org/10.1080/17405629.2022.2108396
https://doi.org/10.1016/j.copsyc.2022.101514
https://doi.org/10.1016/j.copsyc.2022.101514
https://doi.org/10.1016/j.socnet.2010.03.006
https://doi.org/10.1016/j.socnet.2010.03.006
https://doi.org/10.1016/j.copsyc.2021.03.006
https://doi.org/10.1093/acrefore/9780190228620.013.412
https://doi.org/10.1007/11569596_31
https://doi.org/10.1007/11569596_31
https://doi.org/10.1016/j.gloenvcha.2011.03.001
https://doi.org/10.1016/j.gloenvcha.2011.03.001
https://doi.org/10.1016/j.gloenvcha.2019.01.007
https://doi.org/10.1016/j.gloenvcha.2019.01.007
https://doi.org/10.1038/s43247-023-00870-x
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0705
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0705
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0705
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0705
https://doi.org/10.1103/PhysRevE.74.016110
https://doi.org/10.1103/PhysRevE.74.016110
https://news.gallup.com/poll/234314/global-warming-age-gap-younger-americans-worried.aspx
https://news.gallup.com/poll/234314/global-warming-age-gap-younger-americans-worried.aspx
https://doi.org/10.1002/sce.21610
https://doi.org/10.1002/sce.21610
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0725
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0725
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0725
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0725
https://doi.org/10.3390/challe16010003
https://doi.org/10.3390/challe16010003
https://doi.org/10.1016/j.hpe.2015.11.009
https://doi.org/10.1037/edu0000327
https://doi.org/10.1037/edu0000327
https://doi.org/10.1177/0004944120957477
https://doi.org/10.1177/0004944120957477
https://doi.org/10.1080/1369118X.2017.1410206
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1016/j.newideapsych.2011.02.007
https://doi.org/10.1371/journal.pone.0210149
https://doi.org/10.1371/journal.pone.0210149
https://doi.org/10.1111/risa.13325
https://doi.org/10.1111/j.1539-6924.2011.01695.x
https://doi.org/10.1111/j.1539-6924.2011.01695.x
https://doi.org/10.1016/j.joclim.2021.100003
https://doi.org/10.1016/j.joclim.2021.100003
https://doi.org/10.1038/nclimate1610
https://doi.org/10.3390/su8010006
https://doi.org/10.1007/s10584-014-1228-7
https://doi.org/10.1007/s10584-018-2313-0
https://doi.org/10.1007/s10584-018-2313-0
https://doi.org/10.1080/13504622.2016.1177712
https://doi.org/10.1080/13504622.2016.1177712
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0820
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0820
https://doi.org/10.1007/s10584-011-0393-1
https://doi.org/10.1007/s10584-011-0393-1
https://doi.org/10.1111/risa.12640
https://doi.org/10.1037/met0000476
https://doi.org/10.1037/met0000476
https://doi.org/10.1002/ejsp.2008
https://doi.org/10.1177/1745691615598516
https://doi.org/10.1177/1745691615598516
https://doi.org/10.1016/j.jenvp.2018.08.007
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0860
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0860
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0865
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0865
https://doi.org/10.1037/0033-2909.134.4.504
https://doi.org/10.1037/0033-2909.134.4.504
https://doi.org/10.1016/j.cobeha.2021.02.020
https://doi.org/10.1371/journal.pone.0287404
https://doi.org/10.1111/j.1539-6924.2012.01861.x
https://doi.org/10.1111/j.1539-6924.2012.01861.x
https://doi.org/10.1007/s10648-021-09616-7
https://doi.org/10.1007/s10648-021-09616-7
https://doi.org/10.1080/14693062.2022.2121254
https://doi.org/10.1080/14693062.2022.2121254
https://doi.org/10.1016/j.jsxm.2018.01.009
https://doi.org/10.1386/macp.9.1.7_1
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0915
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0915


action? Journal of Environmental Psychology, 83, Article 101866. https://doi.org/ 
10.1016/j.jenvp.2022.101866

Williamson, K., Satre-Meloy, A., Velasco, K., & Green, K. (2018). Climate change needs 
behavior change: Making the case for behavioral solutions to reduce global warming. 
Arlington, VA, USA: Rare. 

Witte, K. (1992). Putting the fear back into fear appeals: The extended parallel process 
model. Communication Monographs, 59(4), 329–349. https://doi.org/10.1080/ 
03637759209376276

Wolf, J., & Moser, S. C. (2011). Individual understandings, perceptions, and engagement 
with climate change: Insights from in-depth studies across the world. Wiley 
Interdisciplinary Reviews: Climate Change, 2(4), 547–569. https://doi.org/10.1002/ 
wcc.120

Zwicker, M. V., Nohlen, H. U., Dalege, J., Gruter, G. J. M., & van Harreveld, F. (2020). 
Applying an attitude network approach to consumer behaviour towards plastic. 
Journal of Environmental Psychology, 69, Article 101433. https://doi.org/10.1016/j. 
jenvp.2020.101433

Maien Sachisthal is a postdoctoral researcher at the University of Amsterdam working on 
projects around engagement with the climate crisis. She received her doctorate at the same 
University in 2021 for her research on science interest, which focused on the 

conceptualization of science interest as a network of interacting components. Currently, 
she studies how different (psychological) factors are related with climate action in 
different groups (e.g., scientists, youth).

Jacqueline Zadelaar is an assistant professor at Leiden University, specializing in research 
methodology and statistics in the field of psychology. She received her doctorate at the 
University of Amsterdam in 2021 for her research on the development and application of 
statistical models to research individual differences in decision processes. Currently she 
focuses on the development and application of (Bayesian) hierarchical models to study 
cognitive processes with a focus on explaining and predicting individual differences in 
behavior and development.

Maartje Raijmakers is a full professor in Educational Sciences at the Vrije Universiteit 
Amsterdam and a professor in Cognitive Development at the University of Amsterdam 
affiliated to NEMO Science Museum. She received her doctorate at the University of 
Amsterdam for her research on the development of learning processes in 1996. Her 
research agenda concerns science education, Interest Development & Curiosity, the 
development of attention and learning processes, and Art & Science with a focus on in
dividual differences and strategies.

M.S.M. Sachisthal et al.                                                                                                                                                                                                                       Acta Psychologica 258 (2025) 105290 

14 

https://doi.org/10.1016/j.jenvp.2022.101866
https://doi.org/10.1016/j.jenvp.2022.101866
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0925
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0925
http://refhub.elsevier.com/S0001-6918(25)00603-1/rf0925
https://doi.org/10.1080/03637759209376276
https://doi.org/10.1080/03637759209376276
https://doi.org/10.1002/wcc.120
https://doi.org/10.1002/wcc.120
https://doi.org/10.1016/j.jenvp.2020.101433
https://doi.org/10.1016/j.jenvp.2020.101433

	A psychological network approach to engagement with climate change in Dutch youth
	1 Introduction
	2 Methods
	2.1 Design
	2.2 Participants
	2.3 Materials
	2.3.1 Questionnaires
	2.3.2 Demographics
	2.3.3 Behavioral engagement
	2.3.4 Video titles

	2.4 Procedure
	2.5 General analysis routine
	2.5.1 Sample collection and variable selection procedure
	2.5.2 Estimation method
	2.5.3 Accuracy and stability checks

	2.6 Analysis-specific routine
	2.6.1 Edges with outcome variable
	2.6.2 Community detection
	2.6.3 Node centrality


	3 Results
	3.1 General analysis routine
	3.1.1 Descriptives
	3.1.2 Accuracy and stability checks

	3.2 Analysis-specific routine
	3.2.1 Network visualization
	3.2.2 Edges with outcome variable
	3.2.3 Community detection
	3.2.4 Node centrality


	4 Discussion
	4.1 Limitations and future research
	4.2 Conclusion

	CRediT authorship contribution statement
	Formatting of funding sources
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	Data availability
	References


