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Abstract
This study seeks to address critical gaps in climate change education research with regard to (1) emotions triggered in 
teenage students learning about climate change, (2) the students’ complexity thinking competence in the context of climate 
change consequences, and (3) the interconnections between different types of emotions and the levels of complexity think-
ing competence in teenagers’ explanations of climate change. The study drew on quantitative and qualitative data from 315 
(2013–2015) and 246 (2021) teenage secondary school students from a pre-/post-intervention survey from Austria’s year-long 
k.i.d.Z.21—Competent into the Future program, in which almost 3,500 students aged between 13 and 19 have participated up 
to now. Climate change triggered expected types of emotions in students. Following exploratory factor analyses, these were 
clustered into two groups. Multilevel modeling revealed that the k.i.d.Z.21-modules had no influence on teenage students’ 
levels of complexity thinking competence in their explanations of climate change for themselves and humanity in general. 
The first group of emotions (i.e., angry, sad, helpless, insecure, worried and inspired to act) was associated with higher levels 
of complexity thinking competence in participants’ answers to questions about climate change and, therefore, designated 
“stimulation”. The opposite was true for the second group (i.e., apathetic, annoyed, and hopeful), which diminished the level 
of complexity thinking competence in responses and, therefore, designated “attenuation”. Future studies are encouraged 
to draw on the emotion measures developed for this study to replicate and advance this study’s findings. Educationists are 
urged to pay greater attention to emotions in climate change education.

Keywords  Climate change · Climate change education · Teenagers' emotions · Complexity thinking · Complex 
interconnections

Introduction

Climate change and its associated consequences are some of 
the most important grand challenges of the twenty-first cen-
tury (IPCC 2014, 2018, 2021) and is also one of the central 
Planetary Boundaries to be tackled by humanity (Stockholm 
Resilience Centre 2021). Humankind is already experienc-
ing the impacts of anthropogenic climate change and will 
continue to do so for some considerable time (UN 2020; 
WBGU 2011), creating a compelling need for urgent, collec-
tive action in the form of mitigation, adaptation, and trans-
formation (UNEP 2021; IPCC 2014). Political agreements 
and technological advances alone will not be sufficient to 
counter these needs and to achieve the ambitious goals set by 
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the United Nations Climate Conference COP21 in Decem-
ber 2015 in Paris (United Nations Framework Convention 
on Climate Change 2016; Barnosky et al. 2016). Therefore, 
fundamental societal transformations will be required to 
meet the global Sustainable Development Goals (SDGs). 
To this end, climate change education (CCE) will be essen-
tial (UNESCO 2021; WBGU 2011; Feola 2015; Rieckmann 
2018).

Within the context of Education for Sustainable Devel-
opment (ESD), the main aims of CCE are to empower 
young people to understand and address the impacts of cli-
mate change, to alter their attitudes, foster climate-friendly 
behaviors, and to help adapt to a changing climate (Schrot 
et al. 2021, 2019; UNESCO 2019). CCE must equip today’s 
young people to become sustainable and climate-friendly 
decision-makers and actors with a more uncertain future. 
In this context, it has to be stressed that simply passing on 
knowledge about climate change alone is inadequate. In 
addition to this, the functional chains, e.g., between knowl-
edge and action, are fuzzy and partly inexplicable—even 
though much research in various fields (economics, psychol-
ogy, education, environmental research etc.) has been per-
formed in an effort to explain (and influence) human actions 
(Tasquier and Pongiglione 2017; Carmi et al. 2015; Shi et al. 
2016; Corner et al. 2015; Kuckartz and Haan 1996; Mandl 
and Gerstmaier 2000; O'brien 2012; Kollmuss and Agyeman 
2002; Oats and McDonald 2014; Ranney and Clark 2016; 
Leichenko et al. 2021).

Recent studies point to the importance of addressing 
affective and behavioral aspects to achieve CCE goals 
(Izadpanahi et al. 2017; Carmi et al. 2015; Markowitz and 
Guckian 2018). The role of emotions in CCE is receiving 
increasing attention, which will be discussed later. Neverthe-
less, the full potential of the role of emotions in supporting 
learning about climate change has been understudied in CCE 
(Ojala 2015, 2013; Wang et al. 2018). Therefore, the first 
research gap addressed within this paper is the role of emo-
tions in learning about climate change, in particular trying to 
learn more about the types of emotions triggered by learning 
about climate change.

As previously mentioned, the traditional additive 
approach of increasing young people’s knowledge through 
providing information according to information deficit mod-
els is insufficient (Burgess et al. 1998; Kollmuss and Agy-
eman 2002; Ockwell et al. 2009; Wibeck 2014). Climate 
change is multifaceted and interacts in incalculable ways 
(APCC 2014). CCE, therefore, needs to advance students’ 
competence to deal with complex, even unpredictable issues. 
How to foster and evaluate this competence within students 
in CCE is underrepresented within literature (Molderez 
and Ceulemans 2018; Grohs et  al. 2018; Cabrera et  al. 
2021). This is the second research gap this paper sets out to 
address. The authors refer to this competence as “complexity 

thinking competence” as described within the chapter Com-
plexity thinking competence in CCE. This study sets out to 
measure participants’ complexity thinking competence with 
regard to climate change consequences on their own lives 
and humanity in general.

Young people’s emotions as well as their complex-
ity thinking competence may be key in choosing climate-
friendly behaviors and the pursuit of other transformations. 
Few relevant studies exist on the importance of emotions for 
CCE and climate-friendly behavior: Kleres and Wettergren 
(2017) found fear, hope, anger, and guilt to predict climate 
activism and action. Tasquier and Pongiglione (2017) iden-
tified fear and negative emotions as barriers to behavioral 
change, and Ojala (2016, 2017) dealt with the role of fear, 
hope and anticipation in CCE. None of these authors, how-
ever, have explored the relationship between emotions and 
complexity thinking competence (Muis et al. 2018; Chevrier 
et al. 2019). This study, therefore, seeks to verify differ-
ent types of emotions triggered by learning about climate 
change, and to explore their effects on young people’s com-
plexity thinking competence about it and the consequences 
for their own lives as well as humanity in general. This is the 
third research gap this study wants to address.

A literature review on emotions in education in general, 
and in CCE in particular, is provided next, along with com-
plexity thinking competence in CCE. This is followed by the 
description of study methods and results. The main findings 
of this study are discussed in terms of how they advance 
CCE.

Emotions in education and CCE

The role of young people’s emotions1 in education has been 
investigated in a number of studies. Although examining 
different aspects, these clearly have in common that emo-
tions have concrete effects on learning processes and out-
comes. Some research, for example, focuses on the need 
to connect young people’s social, emotional, and cognitive 
development with behavior to influence the development of 
competencies critical to beneficial school and life outcomes 
(Jones et al. 2019). Therefore, studies suggest supporting 
students in managing their emotions through pedagogic 
partnerships (Hill et al. 2019; Reicher and Matischek-Jauk 
2018; Valtl 2019) to enhance students’ perception of emo-
tions and their regulation, resulting in enhanced cognitive 

1  In this study, the authors use an understanding of emotions accord-
ing to Pekrun (2006) who describes them “as multi-component, coor-
dinated processes of psychological subsystems including affective, 
cognitive, motivational, expressive and peripheral physiological pro-
cesses”.
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development, skills to build and maintain relationships, 
self-efficacy and self-regulation (Hill et al. 2019; Zimmer-
man 2000; Zimmerman 2002; Zembylas 2005; Kural and 
Kocakülah 2016; Sinatra 2005; Bada 2015). Other studies 
focus on the relationship between emotions and personal 
epistemology, referring to individuals’ thinking and beliefs 
about knowledge and knowing, self-regulated learning and 
studying, and so-called epistemic emotions to either facili-
tate or constrain learning processes (Muis et al. 2018). Other 
researchers have acknowledged the malleable relationship 
between positive/negative affect and cognition (Muis et al. 
2018; Panayiotou et al. 2019; Postareff et al. 2017; Ray and 
Huntsinger 2017).

The emotions associated with achievement have been 
studied extensively in education. Hope, joy, and anxiety, 
which are tied to achievement activities, like enjoyment or 
anger have been focal points alongside achievement out-
comes, like pride or sadness (Pekrun 2006). Typically crite-
ria like valence, object focus, temporal dimension or degree 
of activation are used to classify these emotions (Frenzel 
and Stephens 2017; Pekrun 2006; Pekrun et al. 2007), as 
depicted in Table 1. According to Pekrun (2006, 2007), 
valence and degree of activation are the most important cri-
teria to describe the performance effects of emotions that 
influence students’ cognitive resources, interests and moti-
vations, strategies for learning and problem solving, uses 
of self-regulation or external regulation of learning and 
problem-solving, as well as learners’ academic achievement.

Although Pekrun’s theory originally suggests that 
achievement emotions exclusively relate to school contexts, 
this particular theory also helps to explain emotions trig-
gered in the context of CCE and more specifically learning 
about climate change. As CCE takes place in formal school 
settings, the connection between achievement emotions and 
CCE is evident. Connecting achievement emotions to cli-
mate change, however, is not straightforward. When defining 
climate change as a global challenge that society as well as 
individuals have to master, coverage of the topic and deci-
sions to engage in climate-friendly actions can be seen as 
achievement activities and enactment of climate-actions 
become the achievement outcome.

Critical engagement with climate change has been found 
to trigger emotions in individuals (Chapman et al. 2017), and 

thus can be expected to do so in students. With the excep-
tion of hope, the emotions most commonly associated with 
climate change are negative ones such as anxiety, despair, 
stress, fear, worry, guilt, anger, sadness, helplessness, apa-
thy and frustration (Corner et al. 2015; Strife 2012; Hofman-
Bergholm 2018; Tasquier and Pongiglione 2017; Kleres and 
Wettergren 2017; Ojala 2012, 2016). Emotions can also be 
considered to be a significant factor influencing students’ 
critical skills acquired via twenty-first century education 
(Di Fabio and Saklofske 2019; Ojala 2013; Martiskainen 
and Sovacool 2021; Di Fabio et al. 2018; Graesser 2020; 
Marouli 2021). Among these are collaboration, communi-
cation, critical thinking, creativity, and collaborative prob-
lem solving (Camacho-Morles et al. 2019), all of which are 
similar to the key competencies of ESD (Rieckmann 2017). 
It is important to note that not only do young people expe-
rience emotions differently from adults (Camacho-Morles 
et al. 2019; Theurel and Gentaz 2018; Zeman et al. 2006; 
Vierhaus et al. 2016), they are also less well equipped to 
regulate them (Camacho-Morles et al. 2019; Theurel and 
Gentaz 2018; Zeman et al. 2006; Vierhaus et al. 2016). It is 
therefore particularly important to consider the role of emo-
tions in CCE (Chapman et al. 2017).

Within the context of CCE, few have studied young 
people’s emotions until recently. Most of this research 
has focused on emotions as a personal factor influencing 
climate-friendly behaviors (Chiari et al. 2016; Lindenberg 
and Steg 2007; Loewenstein et  al. 2001; Kollmuss and 
Agyeman 2002; Grob 1995), and on the mediating role of 
emotions between knowledge and intentions to engage in 
climate actions (Kleres and Wettergren 2017; Strife 2012; 
Hofman-Bergholm 2018; Tasquier and Pongiglione 2017; 
Ojala and Lakew 2017; Ojala 2016, 2012; Carmi et al. 2015; 
Frisk and Larson 2011). Another related and important area 
of research concentrates on critical emotional awareness, 
which refers to the competences of being able to identify, 
explain, and discern one’s own and other’s emotions as well 
as disrupting unsustainable emotion regulation. The latter, 
in turn, refers to the competences and processes unsuitable 
for changing emotional experiences and responses (van Bev-
eren et al. 2019; Gross 1999) that limit transformative action 
toward a climate-friendly society (Ojala 2012, 2013, 2016, 
2017).

Table 1   Classification of emotions

This table shows examples for the classification of emotions based on Frenzel and Stephens (2017), Pekrun (2006) and Pekrun et al. (2007)

Valence Positive: pride, pleasure Negative: fear, shame
Object focus Activity: pleasure, boredom Outcome: pride, disappointment
Temporal dimension Present: (learning) pleasure, 

boredom, frustration
Prospective: hope, fear Retrospective: gratitude, relief, 

disappointment
Degree of activation Activating: hope, pride, gratitude, pleasure, frustra-

tion, fear
Deactivating: boredom, disappointment, relief



910	 Sustainability Science (2023) 18:907–931

1 3

One study by Lehtonen et  al. (2018) dealt with the 
challenges of sustainability education from a perspective 
of modern dichotomies (e.g., individual—social, local—
global, nature—culture, emotion—reason). They conclude 
that there is a need for a pedagogy of interconnectedness, 
including the opposites of reason and emotion, and the need 
for students to become aware of how emotions interfere in 
knowing and how they guide personal values. To support 
students in successfully addressing sustainability topics, a 
number of authors call for enriching rationality, analytic and 
mechanistic ways of thinking with creative ways of thinking, 
and emotional and ethical intelligence (Lehtonen et al. 2018; 
Estrada et al. 2021; Förster et al. 2019; Grund and Brock 
2020; Ojala 2013).

Complexity thinking competence in CCE

As already suggested in the introduction, the multifaceted, 
dynamic and unpredictable quality of climate change (APCC 
2014) requires learners to develop a respective competence 
of complexity thinking in order to grasp this issue. In this 
study, the definition of complexity thinking competence is 
seen as a consequence of the definition of competences of 
ESD as given in Brundiers et al. (2021). Here competences 
are described as a set of specific and interrelated disposi-
tions, including, e.g., knowledge, skills, motives, attitudes, 
etc., facilitating self-organized action, which itself is seen 
as pre-requisite of successful performance and positive out-
come in complex situations. As such, complexity thinking 
competence is a concept not yet fully described in the litera-
ture, yet fundamental in the field of CCE.

The concept of complexity thinking is derived from com-
plexity theory and draws on qualities of complex systems 
to describe learning systems such as organic, non-linear, 
relational and holistic features (Forsman et al. 2014; Davis 
and Sumara 2008). Some authors (Jennstål 2019; Suedfeld 
2010) use the term “complexity of thinking” to identify 
individuals’ capacities to deal with ambiguous, uncertain 
information, or with competing perspectives. Their usage 
of the term also includes the recognition of links between 
various perspectives, which opposes dogmatism, extremism, 
stereotypical, prejudicial thinking and simplified forms of 
reasoning. Complexity thinking therefore refers to a manner 
of thinking in terms of structure of perceptions or opera-
tions of thinking (Podschuweit et al. 2016; Crochran-Smith 
et al. 2014; Davis and Sumara 2008; Jennstål 2019). Such 
a form of high-order thinking is essential for understanding 
grand challenges like climate change and to make mature 
decisions concerning one’s own actions (Taber and Taylor 

2009; Moser 2010). This is why complexity thinking has 
also been identified as an important sustainability compe-
tence (Guia 2020; Wiek et al. 2011; Brundiers et al. 2021). 
Within the field of ESD it is usually referred to as ‘systems 
thinking competency’, and defines the skill to recognize and 
understand relationships, to analyze complex systems within 
different domains and scales, and to deal with uncertainty, 
which is fundamentally in line with the aforementioned 
concept of complexity thinking (Rieckmann 2017). As this 
study unites the two approaches to a capacity to recognize, 
understand and deal with uncertain information and compet-
ing perspectives within complex systems on various scales, 
the authors subsequently use the term complexity thinking 
competence, a competence CCE should ideally enhance.

For many decades, scholars in education and psychol-
ogy have studied complexity thinking processes, exploring 
the structures of perceptions and the operations of think-
ing, attitudes or motives (Podschuweit et al. 2016; Mandl 
and Huber 1978), which are based “on a cognitive theory 
of individuals’ (verbalized) information processing, rea-
soning skills and decision-making” (Jennstål 2019). In 
order to initiate learners to express such verbalized pieces 
of information, Bloom’s Taxonomy is frequently used to 
create appropriate assignments in an educational context. 
This taxonomy defines six levels of thinking, with each 
level more complex than the previous one (i.e., knowledge/
remembering, comprehension/understanding, applying, ana-
lyzing, evaluating, and synthesizing) (Golding 2019; Adams 
2015; Bloom 1956). Applying the idea of complexity think-
ing competence, each of Bloom’s levels requires a higher 
level of complexity thinking competence than the previous 
one. In order to evaluate these levels of complexity thinking 
competence, various competence models of standards for 
science education have been developed over the past decades 
(Kauertz and Fischer 2006; Kauertz et al. 2010; Rechtsin-
formationssystem des Bundes 2021; Bundesministerium für 
Bildung und Frauen 2012; Baker-Brown et al. 2009), which 
include thinking processes and different levels of abstrac-
tion. Thinking processes are described as thinking styles that 
may influence the level of complexity thinking competence 
(Vorholzer and Aufschnaiter 2020; Kauertz et al. 2010) and 
the ability of transferring skills from known contexts to 
novel ones (Vorholzer and Aufschnaiter 2020).

In summary, there is a solid body of educational research 
on complexity thinking competence and how to measure it. 
Within the scope of this study, complexity thinking com-
petence strongly resembles key sustainability competencies 
such as systems and critical thinking (Rieckmann 2017). 
Therefore, it is important to learn more about complexity 
thinking competence within the context of CCE.
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Materials and methods

Study design

This study was carried out as part of the CCE project 
k.i.d.Z.21—kompetent in die Zukunft (in English: competent 
into the future), a long-term collaboration between the Uni-
versity of Innsbruck’s (Austria) Department of Geography 
and regional secondary schools. The program’s goals are to 
increase young people’s awareness of climate change on the 
environmental, economic and social grand challenges of the 
twenty-first century (Keller et al. 2019; Stötter et al. 2016; 
k.i.d.Z.21). Previous descriptions of complexity thinking 
competence indicate that in order to meet these goals com-
plexity thinking competence is necessary. Which means, that 
although not explicitly addressed within the project's overall 
goals it is considered an important underlying concept. As 
depicted in Fig. 1, k.i.d.Z.21 engages students with the topic 
of climate change over an entire school year both within and 
outside the school settings (Keller et al. 2019).

Since the 2012/13 school year, when the collaboration 
between the University of Innsbruck’s Department of Geog-
raphy and a Southern German school was established, the 
number of participating schools and students has continu-
ously grown. Almost 3,500 students aged 13 to 19 from 
Austria, Southern Germany and Italy have participated in 
the program’s full school-year CCE project.

Pedagogical approach

First of all, the central approach to learning is constructivist, 
strongly reflecting the theories of conceptual change (Bas-
ten et al. 2015). Students construct their own learning from 
their prior knowledge, their experiences and preconcepts, 
and develop these preconcepts in an individual, constructive, 
social, self-regulated and situated process (Duffy et al. 1993) 
in the cause of the project.

The Alpine research week is one of the highlights of the 
project year where students come into contact with experts 
in the fields of tourism, environmental ethics, alpine vegeta-
tion, and glaciology. Within these fields, students do their 
own research on climate change consequences. In accord-
ance with an inquiry-based learning process, students 
develop their own research questions, find adequate methods 
for data collection and collect, analyze, and interpret the 
data. During the whole process they are supported by the 
aforementioned experts (Kubisch et al. 2021). Therefore, 
k.i.d.Z.21 is transdisciplinary (Scholz and Steiner 2015) in 
that it fosters dialogue and learning between students and 
(scientific) experts. The constructivist and transdisciplinary 
approach to learning is intended to foster students’ complex-
ity thinking competence.

From the beginning of the project, emotions have been 
considered to be an important factor in the effectiveness of 
the project, as research already demonstrated subjective 
elements of change, for example beliefs, values, identities 
or emotions that influence perceptions or actions (O'brien 
2012). This is reflected in some of the k.i.d.Z.21 modules, 
which explicitly address students’ emotions. For example, 
students map their emotions as part of the unit on environ-
mental ethics and climate change, to increase their aware-
ness of how they feel in the surroundings of a high mountain 
area (e.g., almost natural vs. strongly influenced by humans). 
These maps are used as a base for discussions about environ-
mental ethics with the expert supporting them.

Continuous, research‑based evaluation

The modules of the long-term research-education co-opera-
tion have been accompanied by continuous scientific evalu-
ative research from the beginning. Insights gained from 
resulting findings have been used to constantly improve 
k.i.d.Z.21-modules and to expand its content and activities. 
As also depicted in Fig. 1, participants complete the pre-sur-
vey at the beginning of the school year and the post-survey at 
the end of the school year. Results have been used to assess 
students’ learning outcomes such as their awareness of cli-
mate change, their impressions about when exactly during 
the school year they learned the most about climate change 
and why and, especially relevant for the current study, their 

Fig. 1   The k.i.d.Z.21-modules. This overview of the k.i.d.Z.21-mod-
ules only roughly reflects the amount of time invested in the various 
modules. Gray = traditional teaching styles, blue = constructivist and/
or transdisciplinary approaches in authentic learning settings
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complexity thinking about climate change and their emo-
tions while learning about this topic in particular.

Survey instrument

The pre- and post-intervention surveys were administered 
online and in German. For the purpose of this article, the 
questions and responses have been translated into English.

One set of closed questions asked students which emo-
tions they feel when thinking about climate change. Nine 
emotions were assessed (i.e., apathetic, annoyed, angry, 
sad, helpless, insecure, worried, inspired to act, and hope-
ful) with six response options ranging from 1 = I strongly 
feel this emotion when thinking about climate change to 
6 = I do not feel this emotion at all when thinking about 
climate change. These particular emotions were selected 
because an Austrian youth study, carried out by Allianz 
(2012) asked a similar question (i.e., Which emotion do you 
feel when thinking about climate change?) using the same 
emotions. The question stem and response options were 
slightly adjusted to match the other questions in the pre- 
and post-questionnaires.

The question about students’ emotions was removed from 
the questionnaire after the first three years of the study, due 
to changes to the overall questionnaire. Based on the increas-
ing amount of research on emotions in connection to climate 
change awareness, the same question was re-introduced in 
the project year 2020/21 especially for the current study. 
This explains why data from the years between were omit-
ted. The reintroduction of the question led to the adjustment 
of the emotion scale to use adjectives rather than nouns con-
sistent with Searle and Gow (2010).

Two open-ended questions were included to obtain infor-
mation about participants’ perception and awareness of cli-
mate change. The first asked students to share their thoughts 
about which climate change consequences could affect their 
personal lives in the future, and the second, which could 
affect humanity in general. These questions were deliber-
ately chosen for this study’s analysis, as they offer adequate 
scope for learners to show their complexity thinking com-
petence, and the IPCC and APCC provide a framework for 
qualitative analysis in terms of validity. The questions are 
based on Spence et al. (2012) whose research focused on the 
psychological distance of climate change, finding that lower 
psychological distance is associated with higher levels of 
concern, as well as perceived climate change consequences 
on developing countries and how it relates to preparedness 
to act on climate change. Their focus of qualitative analysis 
was completely different, nevertheless students’ verbal con-
tributions to these questions allow an analysis of students’ 
complexity thinking competence, as they can choose freely 
to write about what they know about climate change conse-
quences, connect pieces of knowledge and relate their own 

attitudes and motives with these answers. Therefore, analy-
sis of students’ answers according to integrative complexity 
(IC) is feasible, which is a validated measure used to assess 
the structure of spoken as well as written communication. IC 
analyzes the structure of information processing, detached 
from content (Békés and Suedfeld 2019; Jennstål 2019; Con-
way et al. 2011). IC distinguishes differentiation, referring to 
the amount of different pieces of information, perspectives 
or dimensions a person mentions on a topic, and integration, 
referring to the perceived connections among these diver-
gent elements, like trade-offs, synthesis, or belonging under 
a unifying schema (Békés and Suedfeld 2019). Low IC is 
associated with rigid, black-and-white thinking, intolerance 
for ambiguity and uncertainty, a desire for rapid closure, and 
not recognizing the validity of other viewpoints. In contrast, 
high IC incorporates flexible, broad thinking, which leads to 
the consideration of multiple aspects and possible interpreta-
tions as well as connections and tensions between perspec-
tives (Békés and Suedfeld 2019; Suedfeld 1985). This can 
also be transferred to an educational context where some 
authors describe a progression of students’ statements in 
terms of their skills to link different contextual information 
to construct arguments and make elaborate decisions (Pod-
schuweit et al. 2016; Bravo-Torija and Jiménez-Aleixandre 
2012; Jiménez-Aleixandre and Reigosa 2006). Another pos-
sibility for analyzing students’ complexity thinking compe-
tence is to determine the links between pieces of informa-
tion that refer to more complex conceptual understanding. 
Similarly, the German national standards for natural sciences 
education propose a complexity model with six levels: indi-
vidual facts, several unconnected facts, one relation, several 
unconnected relations, several interconnected relations, and 
generic concept/basic concept (Kauertz and Fischer 2006; 
Podschuweit et al. 2016; Kauertz et al. 2010). This model 
of complexity has been applied to developing assessment 
tests by creating tasks corresponding to the different levels 
of complexity (Kauertz and Fischer 2006).

A final question asked students about their sociodemo-
graphic information including age and gender (i.e., female 
or male). The original questions and according scales can be 
found within the appendix.

Study participants

One data set for this study was collected from three cohorts 
(2012/13–2014/15) of 315 students in the same grade aged 
13 to 15 years (Mage = 13.8, SD = 0.7, 51.1% girls) from a 
single school in Southern Germany (Gymnasium Eggen-
felden). Another data set comes from 246 students aged 10 
to 19 years (M = 14.4, SD = 1.9, 61.7% girls) who partici-
pated in k.i.d.Z.21-modules during the most recent project 
year (2020/21) (cf. Table 1). Of the 561 students, 463 com-
pleted the pre-test and post-test and 98 completed either 
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the pre-test only or the post-test only. Table 2 depicts more 
details of all participating students, including type of school, 
school year, and pre-/post-intervention survey.

Before participating in k.i.d.Z.21, students as well as their 
parents gave their written informed consent. At any stage of 
the survey, they could refuse further participation without 
giving any reason. In case of problems or questions, the par-
ticipants or parents could contact the teachers and project 
team. The quantitative surveys were conducted including 
pseudonymization via self-generated identification codes 
(SGIC). The ethics committee of the University of Innsbruck 
approved the ethical guidelines of the study.

Data analysis

To answer the study’s research questions and test the respec-
tive hypotheses, a series of quantitative and qualitative 
analyses were conducted (Fig. 2). First, students’ quanti-
tative responses describing their emotions were analyzed, 
including through exploratory factor analyses, as were their 
qualitative levels of complexity thinking competence about 
the climate change consequences on their own lives and on 
humanity in general. Next, the relationships between stu-
dents’ emotions and levels of complexity thinking compe-
tence were tested, including through multilevel modeling.

Analysis of types of emotions

To find the latent dimensions behind the nine measured emo-
tions, an exploratory factor analysis (EFA) was used. The 
EFA was conducted as a principal component analysis fol-
lowed by Kaiser varimax rotation. To determine the number 
of dimensions, the results of a Horn parallel analysis, the 
visible scree and the factor matrix were assessed while main-
taining a minimum number of three items per latent dimen-
sion (Watkins 2018). The goodness-of-fit of EFA in general 
was assessed using the Kaiser–Meyer–Olkin measure of 
sampling adequacy (KMO-MSA) (Kaiser and Rice 1974).

Analysis of complexity thinking competence

Students’ qualitative responses to the open-ended questions 
were coded consistent with content analysis (Kuckartz 2018; 
Mayring 2007), with support from the MAXQDA Plus 2020 
Network software. Based on Kuckartz (2019) a mixture of 
inductive, data-driven and deductive, concept-driven catego-
ries of complexity thinking were developed for this study. As 
such, we built on prior research focused on assessing levels 
of complexity (Kauertz and Fischer 2006) and integrative 
complexity (Békés and Suedfeld 2019; Baker-Brown et al. 
2009), on the Austrian grading system (Rechtsinformation-
ssystem des Bundes 2021) and the competence oriented 
A-level exams of geography (Bundesministerium für Bil-
dung und Frauen 2012), in order to compile concept-driven 
categories.

These categories were underpinned by inductive, data 
driven analysis of the actual data. The category scheme for 
analyzing these questions followed the main categories: 
“1—concept”, “2—integration clearly evident”, “3—distinc-
tion and connection of 2”, “4—simple, one-dimensional” 
and “5—not connected”, which are defined in Table 3. This 
category scheme allowed not only mapping individuals’ 
explanations of climate change consequences, but also a 

Fig. 2   Design of data analysis

Table 2   Participants during the 
school year

n = number of cases coming from the same school in the same school year. Total number of cases is 2 × 
463 + 98 = 1024

School Pre-intervention 
survey n

Post-intervention 
survey n

Emotion item type

School year 2012/13
Gymnasium Eggenfelden 88 91 Noun
School year 2013/14
Gymnasium Eggenfelden 100 99 Noun
School year 2014/15
Gymnasium Eggenfelden 99 100 Noun
School year 2020/21
Five general secondary schools 108 107 Adjective
Three vocational secondary schools 116 116 Adjective
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categorization of participants’ verbal information accord-
ing to complex thinking processes and IC (Mandl and Huber 
1978; Podschuweit et al. 2016; Jennstål 2019; Békés and 
Suedfeld 2019).

In a first run, two coders independently analyzed 10% of 
the material to test the applicability of the category scheme 
(according to Kuckartz (2016), 10% of the data can be suf-
ficient for this initial test). According to the results, the code 
memos were discussed and refined and the main coding pro-
cess was carried out (see Appendix for final Code Memos). 
The lead author analyzed the whole data material and for 
calculating inter-coder reliability another coder analyzed 
40% of the data. The intercoder agreement as a calculation 
of the relative proportion of matching coding shows a very 
high degree of agreement at 97%. In line with consensual 
coding (Kuckartz 2016), cases of different coding were dis-
cussed, agreement reached, and corresponding adjustments 
in the analysis of the entire material were made.

Analysis of the connection between emotions 
and complexity thinking competence

A mixed model panel regression analysis was conducted to 
determine the relationship between emotions and complex-
ity thinking competence. Complexity thinking competence 
was defined as an outcome, in line with the descriptions 
in the chapter Emotions in Education and CCE within this 
paper. The sociodemographic variable gender, the emo-
tion types found by the EFA, and the time of measurement 
(pre-/post-intervention survey) were included as predictors. 
Age could not be included because age was missing from 
the post-intervention survey in school year 2014/15. Since 
most students had participated in the survey twice, a ran-
dom intercept was included for each participant (to account 
for and present individually different values). The students' 
pre- and post-intervention questionnaires were merged using 
the SGIC. The SGIC consisted of five parts (first letter of 
mother's name, first letter of father's name, month day of 
birth, gender, year of birth). First, pretest and posttest ques-
tionnaires of students from the same school with the same 

Table 3   Coding scheme for analyzing levels of complexity

This table describes the different levels of complexity used for analyzing the data material and gives authentic anchor examples for each level. 
Further details about the respective sources consulted as well as more anchor examples can be found in the appendix

Scale used for the present study References Authentic anchor examples
Translated into English by the authors for better 
understanding

1—concept
» Multiple perspectives—relationship/con-

nectedness/interaction
» Part of some overarching view
» Far beyond the expectable
Significant autonomy

(Kauertz and Fischer 2006; Kauertz et al. 
2010; Rechtsinformationssystem des Bundes 
2021; Bundesministerium für Bildung und 
Frauen 2012; Baker-Brown et al. 2009)

“Maybe I will be a farmer someday, therefore 
climate change, especially changed vegetation 
will have a huge impact on my harvest yield 
in one year.”

- 4 connected elements
- Various perspectives: agriculture, climate, 

vegetation, economy
2—integration clearly evident
» Explicit expression of integration = clearly 

evident (interrelation)
» Beyond the expectable
Noticeable autonomy

“There will be more floods. Or summers will be 
so hot and winters so cold that there will be 
less food and prices will rise.”

Although more perspectives are mentioned, only 
3 of them can be read to be connected (tem-
perature | food production | economy)

3—distinction and connection of 2
» Clear distinction and connection of 2 ele-

ments
» Specification of conditions
» Task fully complied
Shortcomings balanced with noticeable 

autonomy

“It will be warmer therefore sports are going to 
be more strenuous.”

Temperature + relation to humanity

4—simple, one-dimensional
» No sign of conceptual differentiation or 

integration
» Simple, one-dimensional
» No links
Task mainly complied

“The weather changes.”

5—not connected
requirements not met

(Rechtsinformationssystem des Bundes 2021) “I don’t know”
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SGIC (Levenshtein distance zero) were merged. Then, the 
Levenshtein distance was increased by one. This was done 
up to Levenshtein distance two. Due to missing values in 
the outcomes and predictors, individual cases were sub-
sequently deleted. Therefore, the numbers of survey cases 
sometimes differ within a school. The different schools were 
also assumed to be a random effect. Multilevel modeling 
was conducted using R version 4.1.1 and the lmerTest pack-
age. Standardized regression coefficients (β) for each pre-
dictor were calculated for each outcome by multiplying the 
unstandardized regression coefficient by the standard devia-
tion of the predictor and dividing by the standard deviation 
of the outcome. β corresponds to the effect size (Lorah 2018) 
of a predictor on the outcome. The intraclass correlation 
coefficient (ICC) was calculated for each random effect and 
is the ratio of between-cluster variance to total variance. If 
the ICC is close to zero, it would not be necessary to treat 
this set of clusters as a random effect. Marginal and condi-
tional R2 are reported as summary for multilevel model fit 
(Nakagawa and Schielzeth 2013). Difference between full 
model and baseline is converted to effect size Pearson r. 
Effect sizes (β, r, ICC) ≥ 0.1 were considered small, ≥ 0.3 
medium, ≥ 0.5 large. P values ≤ 5% were considered signifi-
cant (two-sided NHST).

Results

Two latent emotions underpin the range 
of emotions triggered by climate change

A principal component analysis with the nine emotions that 
occur when thinking about climate change resulted in a sin-
gle-factor or four-factor structure according to the visible 
scree. KMO-MSA was 0.73, which is middling. The five 
highest eigenvalues were 2.91, 1.53, 1.18, 0.92 and 0.61. 
A parallel analysis according to Horn with the upper eigen-
value limit in the 95. percentile (Glorfeld 1995) suggested a 
three-factorial structure with the five highest threshold val-
ues of 1.18, 1.13, 1.09, 1.05 and 1.02. By trying different 
numbers of factors, followed by a Kaiser-Varimax rotation, 
two factors resulted in the solution with the largest number 
of latent dimensions, taking into account that there should 
be at least three items per dimension. As the focus of this 
survey was not only to prove that certain types of emotions 
occur while learning about climate change, but also to find 
out more about the latent emotions these emotions pertain 
to and their effect on participants’ explanations, the authors 
decided to choose telling names for the two latent con-
structs. Therefore, these are called stimulation (worried, sad, 
insecure, angry, helpless, inspired to act) and attenuation 
(apathetic, annoyed, hopeful) in the following, due to their 

relation to complexity thinking competence as described 
later in this chapter. The factor matrix is shown in Table 4.

Although the emotion hopeful cannot unambiguously be 
classified one of the two found latent factors, the authors 
decided to assign this emotion to factor attenuation, as Ojala 
(2017) admits that this emotion leads to denial or de-empha-
sizing of a serious problem, if not addressed and developed 
in terms of critical emotional awareness. The mean scores 
of the two latent dimensions of emotion and the mean scores 
of complexity thinking competence can be seen separately 
by school year in Fig. 3.

Fig. 3   Descriptive analysis of emotions and complexity thinking 
competence. Note: Likert scale for emotions in school year 2020/21 is 
shown. In previous school years, only the two extremes of the Likert 
scale were labeled (This feeling comes up a lot with this topic/This 
feeling does not come up at all with this topic). The error bars are not 
visible because they are only as large as the points, or even smaller

Table 4   Results from an exploratory factor analysis of the Emotions 
Scale

F1 = stimulation. F2 = attenuation. Principal component analysis 
with Kaiser-varimax rotation. Factor loadings above 0.4 are in bold. 
N = 1024. M = mean, possible mean of emotion is scaled and ranges 
from 0 (do not agree at all) to 1 (agree completely)
SD standard deviation

Factor loading

F1 F2 M SD

Factor 1: Stimulation
Worried 0.78 − 0.06 0.53 0.30
Sad 0.75 − 0.11 0.50 0.31
Insecure 0.69 0.18 0.51 0.29
Angry 0.67 0.12 0.50 0.31
Helpless 0.65 0.21 0.45 0.30
Inspired to act 0.54 − 0.23 0.65 0.26
Factor 2: Attenuation
Apathetic − 0.03 0.83 0.33 0.31
Annoyed − 0.01 0.81 0.39 0.31
Hopeful 0.17 0.30 0.52 0.27
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Relation between emotions and complexity thinking 
competence

Multilevel Modeling revealed that complexity thinking com-
petence is more pronounced in girls (β = − 0.08, p = 0.017). 
It increases with the feeling of stimulation (β = 0.11, 
p < 0.001), whereas it decreases with the feeling of attenu-
ation (β = − 0.13, p < 0.001). Complexity thinking compe-
tence did not change as a result of the k.i.d.Z.21-interven-
tions (β = − 0.04, p = 0.208). The joint effect of stimulation 
and attenuation together on complexity thinking competence 
is small (r = 0.21, p < 0.001).

Referring to climate change consequences for humanity 
in general, complexity thinking competence rises with the 
feeling of stimulation (β = 0.08, p < 0.012) and falls with the 
feeling of attenuation (β = − 0.11, p < 0.001). Here, neither 
gender (β = − 0.06, p = 0.071) nor the k.i.d.Z.21-interven-
tions (β = − 0.02, p = 0.458) have an influence. The joint 
influence of emotions on complexity thinking competence 
is small (r = 0.17, p < 0.001).

Detailed regression coefficients and model statistics can 
be seen in Table 5.

To facilitate the interpretation of the effect of the types 
of emotions, the authors illustrated these within a wheel of 
emotions inspired by that of Plutchik (2001), based on the 
results of multilevel modeling (Fig. 4). It is an attempt to 
arrange the emotions measured as part of this study accord-
ing to their valence from positive (hopeful) to negative 
(annoyance and apathy). The green color indicates the fac-
tor stimulation, whereas the blue color indicates the factor 
attenuation, which interestingly do not coincide with emo-
tions’ valence.

Discussion

The three main goals of this study were (1) to learn about 
the types of emotions triggered by climate change in young 
people and (2) their complexity thinking competence with 
regard to climate change consequences on their own lives 
and humanity in general, and (3) to what extent their emo-
tions are associated with enhanced or diminished levels of 
complexity thinking competence. The results are discussed 
below.

Emotions and complexity thinking competence

Results show that participants confirm experiencing the que-
ried types of emotions when dealing with climate change. 
Concerning participants’ level of complexity thinking com-
petence, the results also prove varying levels of complex-
ity. Correlating these two central elements via multilevel 
modeling points to the fact that within the scope of this 

study, a certain effect of emotions on the complexity think-
ing competence of participants about climate change could 
be demonstrated. Apart from a frequently occurring find-
ing in this field of research, namely the negative associa-
tion between situational or dispositional anxiety and school 
outcomes like test performance or test grades (Valiente et al. 
2012), research has also been carried out on a more general 
level, highlighting the importance of emotions in education. 
Social, emotional and cognitive development are deemed to 
be connected and as having an influence on school perfor-
mance (Jones et al. 2019; Panayiotou et al. 2019; Schultheiss 
and Köllner 2014; Pekrun and Perry 2014; Postareff et al. 
2017; Gumora and Arsenio 2002), which is in line with the 
results of this study, since the classification of the types 
of emotions into factor stimulation and factor attenuation 
reflects their relevance for complexity thinking competence 
and, therefore, also for education.

Types of emotions and learning outcomes

Analyzing the effect of emotions on learning outcomes, or 
in the case of this study, on students’ complexity thinking 
competence, research models commonly classify these into 
types of emotions having a stimulating or attenuating impact 
on learning outcomes (Pekrun et al. 2007; Meinhardt and 
Pekrun 2003; Mitchell and Phillips 2007). The most out-
standing result of this study is that both latent constructs of 
emotion contain positive and negative emotions. The fac-
tor attenuation comprising, for example, feeling hopeful, as 
well as annoyed, appear to be detrimental for young people’s 
complexity thinking competence in the context of climate 
change. Similarly, the factor stimulation includes positive 
as well as negative emotions, like feeling sad or inspired to 
act, and correlates with a higher level of complexity thinking 
competence. By contrast, authors like Ray and Huntsinger 
(2017) or Mitchell and Phillips (2007) found that positive or 
negative feelings influence learners’ processing styles. Posi-
tive moods lead to more creative thinking, and flexible solu-
tions for divergent, heuristic tasks, whereas negative moods 
are connected to convergent, analytic thinking and focusing 
on details (Ray and Huntsinger 2017; Mitchell and Phillips 
2007). This current study, however, contradicts these asser-
tions, which means that the connection between emotions 
and learning outcome is not straightforward and may vary 
between individuals as well as learning situations. This is 
why critical awareness of emotions and how to manage these 
in each educational context is vital.

Emotions in climate change communication and ESD

Going beyond the scope of this study, relating the results 
to the context of climate change communication as well as 
ESD seems worthwhile. Several studies claim that learners 
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process positive/negative/neutral framed learning materials 
more efficiently when they themselves are in the respective 
mood (Frenzel and Stephens 2017; Bower 1981; Kensinger 
and Schacter 2016). Relevant literature often recommends 
positive or so-called ‘gain’ framing of messages describing 
the benefits of climate-friendly actions rather than the nega-
tive consequences of not acting, which in turn leads to more 
positive attitudes and increased willingness to act (Corner 
et al. 2015; Rabinovich et al. 2011; Maibach et al. 2010). 
Although such recommendations usually occur in connec-
tion with climate action, the line of argument is similar to 
the one of this study: a specific emotional state influences 
learners’ processing of information. The results of this study 
indicate that exclusively positive or negative emotions do 
not stimulate deep processing of information or complex-
ity thinking competence. Rather a specific mix of emotions 
comprising the factor stimulation (angry, sad, helpless, inse-
cure, worried, inspired to act) is favorable. As one essential 
part of the research-education-cooperation k.i.d.Z.21 is to 
constantly improve the learning settings, applying the find-
ings of this study to the settings appear to be self-evident. 
Therefore, one suggestion to support participants to develop 

complexity thinking competence is to give them time and the 
necessary support to handle their emotions already within 
the according learning settings, for example via explicitly 
addressing these in research diaries or introducing pedagogi-
cal partnerships or a peer system.

Limitations

Although there is a large body of literature on the impor-
tance of (key) competences within ESD, the practice of 
assessing learners’ sustainability competences is still in its 
infancy. This is also a structural limitation of this study, as 
the assessment of performance observation can be subjective 
and participants might not fully understand competences. 
Limitations concerning the scaled self-assessment of emo-
tions are, for example, the unknowable way in which par-
ticipants interpret the items and that participants might not 
be able to rate their own feelings subjectively (Redman et al. 
2021).

A content-related limitation of this study is that it does 
not consider the development of the different types of emo-
tions in one particular participant, because these were not 
assessed continuously during all learning activities. Doing 
so would open up the opportunity to analyze the possible 
effect of different types of emotions on one participant’s 
complexity thinking competence and how well he or she 
is equipped to regulate these types of emotions. Neverthe-
less, future research on the creation of learning settings con-
sidering certain types of emotions, and, for example, their 
regulation seems to be crucial to gain a sophisticated picture 
of how the correlation of different types of emotions and 
complexity thinking competence can be efficiently integrated 
into CCE.

Conclusion

By investigating the different emotions triggered by climate 
change and participants’ complexity thinking competence 
about climate change, alongside examining differentiation 
in their abilities to recognize different pieces of informa-
tion, perspectives or dimensions, and perceiving connec-
tions between these aspects and integrating them (Békés and 
Suedfeld 2019), this study analyzes how these elements are 
connected. The results clearly support the hypothesis that 
there are different groups of emotions either stimulating or 
attenuating participants’ complexity thinking competence 
about climate change.

Fig. 4   Authors’ model of correlation between types of emotions and 
complexity thinking competence. The study’s measured emotions 
are arranged in a “wheel of emotions” inspired by Plutchik’s (2001) 
model. The color indicates the factors stimulation and attenuation
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This study shows that climate change triggers positive 
and negative types of emotions. Within the scope of this 
study, emotions comprising the factor stimulation (angry, 
sad, helpless, insecure, worried, inspired to act) stimulate 
participants’ complexity thinking competence.

In its second line of analysis, this study deals with the 
differing levels of participants’ complexity thinking com-
petence about climate change. The conduction of multilevel 
modeling revealed that participating in the intervention did 
not influence participants’ complexity thinking competence. 
Nevertheless, one aim of CCE should be fostering young 
people’s complexity thinking competence.

To foster participants’ complexity thinking competence, it 
is vital to consider different emotions in the context of CCE. 
An important insight gained via this study is that emotions 
subsumed under stimulation enhance, whereas attenuation 
emotions diminish participants’ complexity thinking com-
petence about climate change. This does not mean CCE, 
or rather climate change educators, should focus on evoca-
tion of stimulation, but they should be aware of participants’ 
emotions having an influence on their complexity thinking 
competence and, therefore, also on their learning outcomes.

This leads to the central recommendation resulting from 
this study’s findings. As the affective component, in the form 
of young people’s emotions, occupies a major role in CCE, 

critical emotional awareness and regulation skills addressing 
the different types of emotions can contribute to the creation 
of effective CCE learning settings. The results of this study 
also indicate an influence on their approaches to dealing with 
climate change. This leads to the authors’ claim for address-
ing emotional awareness and regulation skills in CCE.

Authentic learning settings based on moderate construc-
tivism (Basten et al. 2015) and transdisciplinarity (Scholz 
and Steiner 2015; Stauffacher et al. 2006) and encourag-
ing active involvement of participants, like those presented 
in this study, offer opportunities to include the affective 
component in CCE. By doing so, CCE interventions may 
increase the quality and depth of participant’s understanding 
of climate change, which may influence their willingness 
to continually re-engage with the topic during their life-
times, and possibly influence their climate-relevant deci-
sions and actions for a climate-friendly future. Furthermore, 
the mutual impact of complexity thinking competence and 
emotions could lead to the assumption that a high level of 
complexity thinking competence can also lead to feeling, for 
example, helpless, which might subsequently be an obstacle 
for action. Both aspects are possible approaches for further 
research.
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Appendix

•	 Original questions used for this study

•	 Levels of complexity

See Table 6.
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