. . v . . . Vol. 52 (2024), 87-103
Zeitschrift fiir Geographiedidaktik ISSN 2698-6752

IOUI‘nal of Geography Education DOI: 10.60511/52463

Individual and Collective Self-Efficacy Beliefs on Climate
Change—Development of an Item-Based Instrument (SEB-CC)
and Exploration of the Factorial Structure Among School
Students and Future Geography Teachers

Individuelle und kollektive Selbstwirksamkeitsiiberzeugungen zum Klimawandel -
Entwicklung eines item-basierten Instrumentes (SEB-CC) und Exploration der faktoriellen
Struktur bei Schiilerinnen und Schiilern und zukiinftigen Geographielehrkrdften

Creencias individuales y colectivas de autoeficiencia sobre el cambio climatico — Desarrollo de un
instrumento basado en items (SEB-CC) y exploracion de la estructura factorial entre estudiantes y
futuros profesores de geografia

Jan Christoph Schubert “= &, Hanna Velling ¥/, Steffen Hohnle “=, Anna Hofmann

Zusammenfassung Selbstwirksamkeitsiiberzeugungen sind ein wichtiger Pradiktor fir Umwelthandeln. Fir das hochrelevante
Thema Klimawandel fehlen jedoch bisher zuverlassige und valide Instrumente zur Erfassung der individuellen und kollektiven
Selbstwirksamkeitsiiberzeugungen. Deshalb wurden Iltems entwickelt und bei Geographielehramtsstudentinnen und -studenten
(n=141) sowie bei Schiilerinnen und Schilern am Ende der Sekundarstufe | (n=154) eingesetzt. Nach der Analyse der
ltemkennwerte wurde die faktorielle Struktur untersucht. Die Ergebnisse zeigen fir die beiden Gruppen unterschiedliche
latente Strukturen, welche jedoch jeweils sinnvoll interpretierbar sind. Damit stehen erste Instrumente fir die weitere
Forschung zur Verfigung.

Schliisselworter individuelle Selbstwirksamkeitsiiberzeugungen, kollektive Selbstwirksamkeitsiiberzeugungen, Klimawandel,
ltementwicklung, explorative Faktorenanalyse

Abstract Self-efficacy beliefs are an important predictor of environmental actions. However, to date, there has been a lack of
reliable and valid instruments for assessing individual and collective self-efficacy beliefs on the crucial topic of climate change.
Therefore, items were developed and used with university students of geography (future geography teachers, n=141) and
students at the low end of secondary school (n=154). After analyzing item characteristics, the factorial structure was examined.
The results show different latent structures for the two groups, though each can be meaningfully interpreted. Thus, initial
instruments are now available for further research.

Keywords individual self-efficacy beliefs, collective self-efficacy beliefs, climate change, item development, exploratory factor
analysis

Resumen Las creencias de autoeficiencia son un importante factor predictivo del comportamiento medioambiental. Sin
embargo, siguen faltando instrumentos fiables y validos para registrar las creencias de autoeficiencia individuales y colectivas
en relacién con un tema tan relevante como es el cambio climético. Por ello, se han desarrollado una serie de items orientados
a estudiantes de geografia (n=141)y alumnos de final del primer ciclo de secundaria (n = 154). Tras analizar las caracteristicas
de los items, se examind la estructura factorial. Los resultados muestran estructuras latentes diferentes para los dos grupos,
pero que pueden interpretarse de forma significativa en cada caso. Todo ello proporciona instrumentos iniciales para futuras
investigaciones.

Palabras clave creencias individuales de autoeficiencia, creencias colectivas de autoeficiencia, cambio climético, desarrollo de
items, andlisis factorial exploratorio
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1. Introduction

In recent years, anthropogenic climate change
(hereafter abbreviated as CC) has represented a
huge social challenge (IPCC, 2023). It is also highly
relevant in the educational context, as it is a key
problem with global significance (KLarki, 2007). In
this context, geography education with its spatial,
systemic character, analysis of human-environ-
ment interactions and solution-oriented approach
(DGFG, 2022; GERMAN GEOGRAPHICAL SOCIETY,
2014) is of particular importance. The relevance of
CC extends beyond the obvious competence ar-
eas of subject knowledge and spatial orientation.
Instead, all areas of competence mentioned in the
German educational standards must play a role in
CC education. In addition to subject-specific knowl-
edge and spatial orientation, listed areas of compe-
tences include acquisition of knowledge/methodol-
ogy, communication, evaluation, and action (GERMAN
GEOGRAPHICAL SOCIETY, 2014). Action, or the willing-
ness to act, is of particular importance. However,
the state of research on the predictors of climate-
friendly actions is heterogeneous. Some studies
showed that accurate knowledge is a strong pre-
dictor of behavioral intentions (Borp ET AL., 2000)
or concern (SHI ET AL., 2016). In terms of knowl-
edge type, there are indications that action-related
knowledge and effectiveness knowledge are par-
ticularly relevant to environmentally friendly be-
havior (FRICK ET AL., 2004). In contrast, the impor-
tance of knowledge in a meta-study falls behind
other aspects, such as descriptive norms, negative
affect (such as fear or anger), and perceived self-ef-
ficacy beliefs (VAN VALKENGOED & STEG, 2019). Find-
ings from environmental education research point
in a similar direction, indicating that knowledge
alone is insufficient to prompt environmentally
conscious actions (KoLLMuss & AGYEMAN, 2002;
Riess, 2003). In addition, with respect to CC, it must
be stated that more knowledge about climate is-
sues does not automatically translate to more cli-
mate awareness (BuscH ET AL, 2019; TASQUIER &
PONGIGLIONE, 2017) and that mere information on
CC is not sufficient to establish climate awareness

or generate climate action (GROTHMANN, 2017, p.
224). Even positive attitudes towards environmen-
tal protection do not lead to environmentally re-
sponsible behavior in a linear way (EiLAM & TROP,
2012). Rather, environment-related actions are in-
fluenced by a variety of factors (GROTHMANN, 2017)
that are also interrelated in many ways. One of
these factors—along with knowledge, social norms,
and others—is self-efficacy beliefs or self-efficacy
expectations (hereafter abbreviated as SEB), which
can be traced back to BANDURA's (1977) social cog-
nitive theory. SEB is thought to reduce defensive
reactions and increase the willingness to take ac-
tion on issues, including CC (GROTHMANN, 2018).
This is of particular importance because the global
and serious threats posed by CC and the simultane-
ously high demands of avoidance and adaptation
strategies may result in defensiveness, excessive de-
mands, and even feelings of powerlessness—eitherin
the sense of not being able to do more or not being
able to do enough (GiFForD, 2011; GROTHMANN,
2017). At the same time, given the global dimension
of CC, it clearly poses a challenge to both individuals
and the community as a whole (JUGERT ET AL., 2016).
Thus, both individual (KELLSTEDT ET AL., 2008) and
shared (or collective) SEB (BANDURA, 1997; THAKER ET
AL., 2016), play an important role.

Strikingly, there are few studies on collective
SEB as it relates to CC (BuscH ET AL, 2019), and—at
least for German-speaking countries—no suitable
instruments exist to assess individual and collec-
tive SEB regarding CC among school students and
(prospective) teachers. In light of the aforemen-
tioned considerations, this paper aims to present
the development and testing of an item-based
questionnaire designed to assess individual and
collective SEB on CC. The test-theoretical suitabil-
ity of the items, as well as the factorial structure, will
be presented and discussed. The test results for
school students and future geography teachers
(university students) will be compared, including
the question of to what extent individual and col-
lective SEB can be empirically separated.

2. Theoretical Foundation and State of Research

2.1 Self-Efficacy Beliefs—Definition,
Classification, Relevance, and Research Findings

The concept of SEB goes back to BANDURA (1977):
"An efficacy expectation is the conviction that one

can successfully execute the behavior required to
produce the outcomes. [...] Efficacy expectations
determine how much effort people will expend
and how long they will persist in the face of obsta-
cles and aversive experiences” (pp. 193-194). In
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this sense, SEB can be seen as beliefs about one’s
own competence or competence beliefs (SCHWARZER
& WARNER, 2014), i.e., the subjective certainty of be-
ing able to cope with new or difficult demanding sit-
uations on the basis of one's own competence
(SCHWARZER & JERUSALEM, 2002, p. 35). In line with
this characterization, we refer to SEB throughout
this article, even if terms such as self-efficacy, self-
efficacy-expectations, perceived self-efficacy and
SEB are often used synonymously in the literature.
This is to emphasize that in this context, it is not a
matter of actually experiencing self-efficacy; rather,
the focus is on subjective beliefs about the self in
terms of one's own self-efficacy.

SEB plays a central role in the theory of planned
behavior (AJzEN, 1991). Referred to as "perceived
behavioral control” (AJzen, 1991, p. 183), SEB, to-
gether with intention, is said to have a direct effect
on people’s actions. Empirical evidence for this can
be found in literature (AJzEN, 1991). Recent studies
based on the theory of planned behavior also con-
firm the relevance of SEB: “The strong impact [in
this study, author's note] of perceived behavioral
control on intentions and on behavior is especially
noteworthy” (LEEUW ET AL., 2015, p. 135). Although
the theory of planned behavior has been modified
in parts, differentiated, or combined with other
theoretical models, the importance of SEB has
been repeatedly confirmed (e.g., BAMBERG ET AL,
2015). For instance, in the context of environmen-
tally conscious behaviors, a meta-analysis (BAMBERG
& MOsER, 2007) revealed that, in general, perceived
behavioral control, attitudes, and moral norms
serve as independent and approximately equal
predictors of intention to act.

SEB can be classified into two categories: gen-
eral SEB and collective SEB. General SEB is related
to life in general, as exemplified, for example, by
the established scale of SCHWARZER and JERUSALEM
(2003). General SEB can be distinguished from sit-
uation-specific SEB, with domain-specific SEB (e.g.,
the school-related SEB of students) located be-
tween the two (SCHWARZER & WARNER, 2014). SEB
on CC can be categorized as situation-specific/do-
main-specific SEB, since it is related to a concrete
topic area rather than being on a general level. As
the situation described (in the items) becomes more
concrete, the degree of situation specificity increases.
Regarding the relationship between the generality or
specificity of SEB, HANSS and BOHM (2010) reported
in the context of a study on sustainability that there
is a weak correlation between general SEB and do-
main-specific SEB related to sustainability.

Individual SEB can be distinguished from col-
lective SEB (BANDURA, 1997; SCHWARZER & WARNER,
2014). Individual SEB as competence belief is re-
lated to the single self, while collective SEB in-

cludes the group(s) we belong to or in which we act.
"Collective efficacy is especially important when
considering collective environmental problems,
such as climate change, in which individual actions
are not likely to offer solutions unless taken by large
numbers of people acting together” (BuscH ET AL.,
2019, p. 2393). BANDURA (1997) defined collective
SEB as “a group's shared belief in its conjoint capabil-
ities to organize and execute the courses of action re-
quired to produce given levels of attainments” (p.
477). This shows that, on the one hand, collective
SEB is not merely the sum of the individual SEB of
the group members (BANDURA, 2000) and that, on
the other hand, individual and collective SEB are
interrelated. Thus, the conviction that joint action
with others can address the challenges of CC is an
important (motivational) prerequisite for individu-
als to engage in joint action (BANDURA, 2000).

Experimental studies have shown that an in-
crease in collective SEB also leads to an increase in
individual SEB (JUGERT ET AL., 2016). Other studies
have suggested that collective SEB may be a
stronger predictor of pro-environmental behavior
than individual SEB (CHEN, 2015; HomBURG &
STOLBERG, 2006). One study on sustainable tourism
(DORAN ET AL., 2015) separately assessed the indi-
vidual and collective SEB of adult tourists (n =358).
Hierarchical regression analyses illustrated that
collective SEB was the strongest predictor of will-
ingness to spend money on environmental as-
pects, but that individual SEB and attitudes also
had an influence (DoRrAN ET AL., 2015). The results
of BuscH ET AL. (2019), who measured individual
and collective SEB (USA, n=453) alongside other
factors and analyzed them using structural equa-
tion modeling, pointin a similar direction. SEB and
social norms were found to be the strongest pre-
dictors of climate-friendly behavior. In addition, it
became clear that the highest mean values for SEB
were at the level of people as a whole, while indi-
vidual SEB fell in the middle range of the scale. The
authors saw this as an indication of the particular
importance of collective SEB, "as climate change is
a collective environmental problem requiring col-
lective action” (BuscH ET AL., 2019, p. 2403).

SEB is not understood as a constant personal
characteristic; rather, in principle, SEB can change
(BANDURA, 1977). This also applies to school con-
texts, where SEB can be strengthened through tar-
geted interventions (SCHUNK & PaJARES, 2006). As
part of an educational program evaluation
(n=1.241), FLORA ET AL. (2014) reported an in-
crease in SEB related to CC in the pre-post com-
parison with an effect size of r=0.42. In contrast, in
an evaluation (n=343) of a science communication
event on the climate crisis, no changes in individ-
ual and collective SEB were found (KUHNER &
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GoobpwiIN, 2023). In another study, latent path
analyses showed that more CC-knowledge does
not directly lead to more SEB; however, when CC-
concern is included, an indirect path from knowl-
edge to SEB is shown, via concern: more knowl-
edge leads to more concern and more concern
leads to higher SEB (MiLFONT, 2012).

Contexts can also influence SEB, as GIFFORD
and CoMEAu (2011) showed in an experimental
study (n=1.038). Among other aspects, they cap-
tured respondents’ perceived competence “to en-
gage in pro-environmental behaviors that could
reduce greenhouse gas emissions” (GIFFORD &
ComEeaAu, 2011, p. 1.303). They implemented three
different conditions: one group received motiva-
tional framing, a second received framing primarily
emphasizing the costs of CC countermeasures,
and a control group received no framing. The mo-
tivational framing group had significantly higher
perceived competence than the control group. In
contrast, the second group (which was primarily
shown the cost of countermeasures) had signifi-
cantly lower perceived competence than the con-
trol group (GIFFORD & CoMEAU, 2011). From this,
the authors concluded that, in general, “motiva-
tional messages clearly are to be preferred over
sacrifice messages” (GIFFORD & Comeau, 2011,
p. 1305). For the future, they suggest, among other
things, that “effective frames for climate change so-
lutions should enhance perceived competence
[...]" (GIFFORD & CoMEAU, 2011, p. 1306).

2.2 Capturing Self-Efficacy Beliefs

A number of studies assess individual and/or col-
lective SEB and document the survey instruments;
a selection of relevant papers including item for-
mulations is compiled in Fig. 1.

Analysis of the methodological approaches
these studies take, provides important clues for
item development in this project. In general, it can
be stated that all studies available to us are item-
based with a closed-response format. The vast ma-
jority of studies provide the wording of the items,
or at least the corresponding content of the items.
However, in addition to means and standard devi-
ations—with the exception of Cronbach’s alpha as
an indication of reliability—almost no study pro-
vides differentiated statistical information.

KELLSTEDT ET AL. (2008) reported a factor analy-
sis of the three items used without further method-
ological references (to discrepancy function and
rotation technique). The factor analysis resulted in
factor loadings of the three items on a common
factor of 0.453<A<0.659, which the authors re-
garded as an indication of the one-dimensionality
of the scale. In addition to item formulation, the

study by Hanss and B&HM (2010) on sustainable
consumption behavior is also worthy of note. They
examined the 20 items used (only four of which
had references to CC) employing principal com-
ponents analyses and were able to identify four
factors that were meaningful in terms of content
and reliable (Cronbach’s alpha =.85; DORING &
BorT1z, 2016). These factors did not relate to areas
of content (such as CC, among others), but de-
scribed different aspects of SEB. Thus, one factor
consisted of SEB motivating others to take similar
actions through one's own sustainable behavior. In
addition, the study by DoRAN ET AL. (2015) is of par-
ticular relevance, even though it is not related to
CC, but to sustainable tourism. In this study, indi-
vidual and collective SEB were captured and PCA
(direct oblimin) was conducted in each case indi-
vidually. Based on this, the authors inferred a one-
dimensional structure in each case and worked with
a mean scale for individual and one for collective SEB
as a next step (DORAN ET AL., 2015, p. 287). No other
available studies contain statements about factorial
structure, nor do any studies address the question of
the extent to which individual and collective SEB can
be distinguished from one another, not only theoret-
ically but also empirically.

With regard to the specific wording of the
items, it should first be noted that for some studies,
some items are listed as part of an SEB scale butdo
not represent SEB in the narrower sense with re-
gard to the formulation. In one case, this is even
noted by the author himself (Item “whether the re-
spondents accept climate change as a human re-
sponsibility”; MIiLFONT, 2012, p. 1.010). Another ex-
ample is the item "Human beings are responsible
for global warming and climate change” (KELLSTEDT
ET AL., 2008, p. 118). Others refer to more closely re-
lated constructs, such as locus of control (BALDWIN
ET AL, 2022; FIELDING & HEAD, 2012; HERMANS &
KORHONEN, 2017; PICKERING ET AL., 2020). The cen-
tral difference is thatlocus of control is about the be-
lief of whether one's own or joint actions can be ef-
fective at all. In contrast, SEB refers to the belief of
one's own competence to achieve certain effects
(BANDURA, 1977). Of particular interest is the SEB
scale used by FLORA ET AL. (2014), which consists of
two items: “How confident are you that you could
help start a project to reduce your school’s carbon
footprint?” and “How confident are you that you
could explain global warming to others?” (FLORA ET
AL., 2014, supplemental material). Two different as-
pects of SEB are addressed: a more action-related
component and a more communicative or knowl-
edge-related component. Moreover, items are for-
mulated in a comparatively situation-specific way,
which seems particularly suitable for the instrument
we are developing as it enhances comprehensibility
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for the target group of school students and university
students. The three items used by DORAN ET AL
(2015) also refer to respondents’ own actions as well
as motivating others, thus encompassing two facets
of individual SEB. In contrast, the items used by
GiFrorp and CoMEAU (2011) are on a more domain-

specific level and relate primarily to actions in terms
of reducing GHG emissions. The same applies to the
two items of KUHNER and GoobwiIN (2023); it should
also be noted that these items are very similar in lan-
guage and content (both operate with fighting the
climate crisis; KUHNER & GOODWIN, 2023, p. 24).

iSEB/ . Items Response di Statistical
Source coSEB Topic ' scale Item Wording Phram eters
KELLSTEDT ET AL. iSEB | climate 3 4-point (1) "My actions to reduce the effects of global warming and cli- a=.634
(2008) change mate change in my community will encourage others to reduce n=1.093
the effects of global warming through their own actions”; (2) "I
believe my actions have an influence on global warming and
climate change", and (3) "Human beings are responsible for
global warming and climate change”.
Hanss & BoHm iSEB | sustaina- 20 4-point (1), (2) and (3) by KeLLsTEDTETAL. (2008) and in addition "My n=402
(2010) ble con- everyday consumption and buying behavior has an influence
sumption on global warming and climate change”. All others without ref-
decisions erence to climate change.
FLORAETAL. (2014) | iSEB climate 2 10-point (1) "How confident are you that you could help starta project to a=.68
change reduce your school's carbon footprint?” and (2) "How confident n=1.241
are you thatyou could explain global warming to others?”
MiLront (2012) iSEB climate 3 5-point Perceived ability (1) to influence global warming and climate a=.703
change change outcomes, (2) whether the actions of the respondent n=269
will influence others to behave in ways that mitigate the effects
of global warming, and (3) whether the respondents accept cli-
mate change as a human responsibility.?
KutHEETAL. (2019)  iSEB climate  1(5) 6-point/(1) "I am able to contribute to reducing the degree of climate n=792
change change.” All other four items without close reference to SEB.3
KUHNER & GoopwIN | iSEB climate 2 5-point (1) “I think that | myself can contribute to fighting the climate a=.79
(2023) crisis crisis.” and (2) "I know that there are a number of things | can n=343
do myself to fight the climate crisis [translated]".
KUHNER & GoobWIN | coSEB | climate 2 5-point (1) “I think that we together can do something against the cli- a=.39
(2023) crisis mate crisis.” and (2) “l am optimistic that we together can solve n=343
the climate crisis [translated]”.
DORANETAL. (2015) iSEB  sustaina- 3 7-point (1) “As a tourist | can help protect the wildlife and natural habi- a=.68
ble tour- tats at my holiday destination,” (2) “By choosing environmen- n=358
ism tally friendly means of travelling, | can help reduce carbon
emissions”, and (3) "By traveling in an environmentally friendly
way, | can encourage others to do the same”.
DORANETAL. (2015)  coSEB  sustaina- 4 7-point (1) "I am confident that we as tourists can together contribute to a=.89
ble tour- solving the problem of pollution”, (2) "We as tourists can come n=358
ism up with creative ideas to help solve environmental problems ef-
fectively, even if the external conditions are unfavorable”, (3) “I
am confident that we as tourists can together help mitigate
global climate change”, and (4) “l am confident that we as tour-
ists can together encourage more and more people to travel in
an environmentally friendly way".
GiFFORD & COMEAU iSEB climate 6 7-point (1) “I can improve my ability to cut my greenhouse gas emis- a=.83
(2011) change sions”, (2) "l can move faster to stop global warming”, (3) I feel n=1.038
able to meet the challenge of controlling the greenhouse gases
that | am responsible for". (4) “I can shrink my contribution to
global warming”, (5) " can grow my contribution to environ-
mental solutions"”, and (6) “I can break through the barriers that
prevent me from addressing global warming".
BuscHETAL. (2019)  iSEB climate 5 4-point How confident are you that you/your family/your friends/your a=.83
coSEB | change school/people can do something to reduce climate change? n=453

"The reliabilities given in the study refer to factors formed by exploratory factor analysis; however, among these factors, none could be described as SEB on CC. Rather, the few items
that refer to CC are distributed among different factors. Therefore, no reliability index is given here.

2The exact wording is not given.

3 In the study, reliability is reported for the scale with five items. Since only one of the items refers to SEB in the narrower sense, no reliability index is given here.

Fig. 1. Overview of selected studies on individual (iSEB) and collective self-efficacy (coSEB) (Source: authors)
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For collective SEB, the two items used by KUHNER
and GoobwiN (2023) do not show sufficient relia-
bility, which could be due to the differentiation be-
tween action and solutions (p. 24), which could
have led to strongly differing assessments. Al-
though the work of DORAN ET AL. (2015) examined
a different content area (sustainable tourism), it is
nevertheless of interest due to the way the items
are formulated. The phrase “[...] we as tourists can
together[...]" is employed with remarkable consis-
tency (DORAN ET AL., 2015, p. 286). At the same
time, however, with common actions and the moti-
vation of others, different facets of collective SEB
are included, thus increasing the range of content.

BuscCH ET AL. (2019) took a significantly different
approach to item construction by asking the re-
spondents to assess how certain they are that
something can be done to reduce CC for them-
selves, their families, their friends, their schools,
and people in general. The formulation of the item
set is thus identical and only the reference group
varies; at the same time, reliability is calculated
across all items and a separation between individ-

3. Goals and Research Questions

In this project, we developed an instrument to cap-
ture individual and collective SEB on CC, which we
call SEB-CC. While the instruments identified in the
existing literature provide a valuable starting point, to
our knowledge, there is no comprehensive and fully
documented instrument available to date. Providing
such an instrument is crucial because it can form the
basis for more advanced research projects and en-
able the analysis of the characteristics of SEB-CC as
well as comparisons between different groups. It
can also be used to examine the effectiveness of
teaching in schools as well as university events or in-
service training for teachers. In addition, the com-
pletion of the questionnaire can also provide an op-
portunity for self-reflection, for example, to reflect
on one's SEB-CC in learning situations, such as ge-
ography classes or university seminars in the field of
geographic education. Becoming aware of one's
SEB can be an exciting starting point for discussions,
allowing for comparisons with the characteristics of
other school students or university students.

In light of the aforementioned background and
the current state of research, a number of criteria
and objectives can be formulated for the develop-
ment of the instrument. (1) The instrument to be
developed should be practical to use, including in
a geography classroom. Therefore, it must be time-
efficient to apply. It should also be able to be used
and evaluated quickly, even in situations where
time is limited. This implies—analogous to the stud-

ual and collective SEB is only possible to a limited
extent, since individual SEB is only assessed by
one item. Nevertheless, the approach of including
different reference groups (family, friends, etc.) in
collective SEB should be emphasized and can be
seen as a differentiation of the formulation "we [...]
together” (DORAN ET AL., 2015, p. 286).

In summary, concerning the development of
items for individual and collective SEB on CC, it
can be asserted that no instrument appears en-
tirely suitable to serve as a template (e.g., through
sole translation into German), but that very helpful
insights can be derived from the studies cited.
What appears essential in this context is the
breadth of content, encompassing actions, com-
munication or knowledge-related elements, the
motivation of others, and the inclusion of different
reference groups in collective SEB. With regard to
the scale-related analysis, it is imperative to empir-
ically test the distinction between individual and
collective SEB, a differentiation not yet addressed
in the existing studies.

ies available to us—the use of a closed, item-based
answer format. (2) In addition, SEB-CC should be
suitable for the relevant actors in geography class-
rooms: school students and teachers. This facili-
tates comparisons between the two groups, a
promising approach in light of the values of char-
acteristics. For this project, this means considering
both groups in the questionnaire development.
However, for pragmatic reasons, namely the diffi-
culty in accessing a larger number of teachers, we
elected to work with future teachers, i.e., students
in the geography teaching program, instead of
surveying in-service teachers. (3) Furthermore, ide-
ally, it should be possible to distinguish between
individual and collective SEB with regard to CC.
Some studies on SEB-CC report separate scale reli-
abilities for individual and collective SEB. However,
no study provides evidence on the extent to which
the factorial structure actually supports separate
consideration of individual and collective SEB.
Moreover, the question arises of whether this sepa-
ration is also evident in different groups. Therefore,
in the context of this study, it is essential to not only
evaluate reliabilities but also address the question
of the latent structures of the questionnaire.

The overall goal of developing a questionnaire
to assess SEB-CC can therefore be solidified with
the following research questions:

(1) To what extent are the (partly newly devel-

oped) items suitable for assessing SEB-CC?
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(2) What latent structure underlies the items
and does this latent structure follow the distinc-
tion between individual and collective SEB?

4. Methodological Approach

The methodological approach comprised several
successive steps (see Fig. 2). Essentially, the litera-
ture-based item development was followed by ex-
pert rounds and qualitative pretesting. The items
were then used in parallel in two test groups

(3) Is the instrument equally suitable for differ-
ent groups (university students of geography
as future teachers as well as school students)?

(school students and university students). In both
data sets, the item characteristics were analyzed,
and the factorial structure was explored with the
help of exploratory factor analyses (EFA).

Y
quantitative . )
: item analysis
study with
school and
/ N N ™ students exploratory
o factor analyses
. revision and qualitative pre- n=154
bllterz(ijtyre— content testing with N
y aST |temt validation in think aloud
evelopmen several expert technique itat ( ‘
rounds n=6 quantita’ive item analysis
study with and
N /N D university
students exploratory
141 factor analyses

-/

Fig. 2. Overview of the methodological approach (Source: authors)

4.1 Development of the Items

Based on the state of research and with a view to
an instrument usable in a time-efficient manner, a
limited number of items were formulated, some of
which were translated (into German) or adapted
from other studies, while others were newly devel-
oped. A total of 12 items were created, eight of
which were assigned to individual SEB (iSEB) and
four to collective SEB (coSEB) (see Appendix 1). The
English translations provided are for communica-
tive understanding only; the items used in the
studies were all formulated in German. For individ-
ual SEB, two items were formulated regarding the
individual’s actions (iSEB4 and iSEB5, based on
KELLSTEDT ET AL., 2008; KUHNER & GOODWIN, 2023;
MILFONT, 2012). In two additional items, the aspect
of motivating others to actin a climate-friendly way
was addressed (iISEB7 and iSEBS, following DORAN
ETAL., 2015; KELLSTEDT ET AL., 2008; MILFONT, 2012).
The communicative or knowledge-related compo-
nent used by FLORA ET AL. (2014) was addressed for
the development of two items (iSEB2 and iSEB6),
while the wording is based on items from the
"topic-specific self-efficacy” scale by KAUERTZ ET AL.
(2014, pp. 121-122). Since statements denying or

questioning CC or the anthropogenic causes of
CC are disseminated in (social) media, the appro-
priate handling of information, including sound
judgment, plays an important role. Against this
background, two items (iSEB1 and iSEB3) were
newly developed to address SEB in dealing with
information on CC, including on social media.

For collective SEB, different groups on different
scale levels (family, region, the federal state of
Bavaria, and Germany) were taken into account,
following BuscH ET AL. (2019). The levels of Europe
and the world, which are essential for CC-related
action, were deliberately omitted in favor of
groups that are still imaginable for students and re-
alistic as groups that act. These groups were linked
to climate-friendly actions (coSEB3 and coSEB4)
and the motivation of others (coSEB1 and coSEB2).
The aspects of dealing with fake news and knowl-
edge/communication that were considered in the
individual SEB were not addressed in the collective
SEB, as here the reference to the individual is very
strong and the collective level is less relevant.

The items were preceded by a brief instruction
(How do you think about yourself? Please tick to
what extent the following statements apply to you).
A six-point Likert-type scale was used as the re-
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sponse scale, with numbers ranging from 1 (indi-
cating strong disagreement) to 6 (indicating strong
agreement). First, the eightitems on individual SEB
were placed in random order, followed by the
items on collective SEB, which were also placed in
random order.

4.2 Expert Rounds and Qualitative Pretesting

The items developed were first discussed, then
adapted and discussed again by the researchers in
several rounds. This resulted, among other things,
in the addition of statements on the handling of
CC information on social media. Particular atten-
tion was given to content validity, leading to the
presentation and discussion of the items in a re-
search colloquium with a multi-professional com-
position, including researchers from different sub-
ject didactics and the field of ESD as well as in-ser-
vice teachers. The inclusion of items referencing
social media was supported as a crucial content as-
pect. It was also confirmed that overall, the items
included all important and relevant aspects of SEB
on CC.This can be seen as an indication of the con-
tent validity of the developed instrument. For the
version that emerged from these rounds, the next
step was qualitative pretesting (n = 6) of school stu-
dents (9th and 10th grade) and university students.
The item formulation was tested using the thinking
aloud and inquiry techniques (WEiCcHBOLD, 2014,
p. 301); however, only minimal adjustments were
made to the items, indicating an adequate under-
standing of the formulations.

4.3 Data Collection and Sample Description

The first page of the questionnaire contained brief
references to the topic (CC) and the objectives of
the study. The participants were informed that their
engagement in the study was voluntary. In addition,
they were assured that no disadvantages would re-
sult from non-participation and that (except for gen-
der, school grade, or semester at university) no per-
sonal data would be collected. The anonymity of all
data was assured and information about data pro-
cessing and data storage was provided. Participants
gave written consent, with minors obtaining written
parental consent. As this was a survey study, no
ethics committee approval was required. However,
the data protection commissioner examined and
approved the study including an approval for data
collection at schools (Bavarian State Ministry of Ed-
ucation). In both samples, the data collection was
conducted simultaneously in the summer and au-
tumn of 2022. A total of 145 students (98 females,
43 males) at a German university participated in
the survey as part of a geography education

course (Dataset: SCHUBERT & VELLING, 2023). Of the
students, 57% were in their third or fourth semester
and 28% were in their fifth or sixth semester. Just
under half were studying to be primary school
teachers, slightly more than one-third were study-
ing to be grammar school (Gymnasium) teachers,
and the remainder were studying to be secondary
school teachers (Realschule and Mittelschule). Af-
ter removing the respondents with missing values
in the 12 items on SEB, 141 datasets remained. In
the study with students at the low end of sec-
ondary school (school students hereafter), a total
of 163 individuals (84 female, 74 male) partici-
pated, of whom 74% were in grade 9 and around
26% in grade 10 of secondary school (Gymnasium)
(Dataset: HOFMANN ET AL., 2023). After excluding
the test individuals with missing values in the SEB
items, a data set of n=154 remained.

4.4 Data Analysis

First, an item analysis was carried out in SPSS 29
(IBM Corp., 2022) separately for both data sets
(school students and university students) for mean
values (M), standard deviation (SD), and item diffi-
culty (P;) as well as the item-test correlation (ry). In
addition, the reliability was tested using Cron-
bach’s alpha, including if the respective item was
removed from the scale (aj 4o1). The datasets were
then imported into R-Studio (RSTupio Team, 2023)
using the package foreign (R Core Team, 2022), fol-
lowed by EFA in R-Studio using the packages
psych (ReVELLE, 2023) and GPArotation (BERNAARDS
& JENNRICH, 2005). This procedure aligned closely
with the specifications in BUHNER (2021). Alterna-
tively, it would have been possible to use confirma-
tory factor analyses (CFA) and corresponding
model fits to contrast a one-dimensional solution
with a two-dimensional solution which differenti-
ates between individual and collective SEB. How-
ever, since the items are translated, adapted, and
in part newly developed, and since the latent struc-
ture may also deviate from the theoretically ex-
pected one- or two-dimensional solutions, the de-
cision was made to first work with EFAs. This ap-
proach follows the recommendations of BROwWN
(2015), who suggests the use of EFA as the first
step in newly developed questionnaires, with CFA
then used in a new data set as the next step. The
data of both samples were tested for suitability for
EFA by determining the measure-of-sample ade-
quacy coefficients (MSA) and Kaiser-Meyer-Olkin
(KMQO) coefficients. The minimum values of
KMO=0.5 and MSA>0.5 apply here (BUHNER,
2021, p. 420). In addition, the minimum require-
ment for EFA, the presence of correlations of the
correlation matrix, was tested using Bartlett's test
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(BUHNER, 2021, p. 419). Critically, it must be men-
tioned that the sample sizes of n=141 and n=154
are significantly below the recommendation of
ScHONBRODT and PERUGINI (2013) of n=250.

In the next step, the number of factors was de-
termined based on several characteristic values.
Following BUHNER (2021, p. 409), the Kaiser crite-
rion eigenvalue > 1, which was widely used in the
past, and the scree test were not used, but instead,
a parallel analysis was carried out in R-Studio and
the Empirical Kaiser Criterion (EKC) was deter-
mined. In addition, the MAP test and the Bayesian
Information Criterion (BIC) were used.

Based on these results, EFAs were conducted
separately for the university student data set and
the school student data set under the conditions of
the previously obtained number of factors. With re-
gard to the different rotation techniques available,
an oblique rotation technique (direct-oblimin) was
chosen because it is assumed that SEB factors are
correlated with each other (BUHNER, 2021, p. 422).
The maximum likelihood (ML) discrepancy func-

5. Presentation of the Results

5.1 SEB on CC Among University Students

The items did not show any abnormalities (see Ap-
pendix 1), and the item difficulties were all in the
higher range but below the commonly used limit of
P;=0.8. The item-scale correlation for all items was
higher than r;=.46, which is above the lower limits
of .30 and .40 found in the literature. If all 12 items
were considered as an overall scale, the scale would
reach a sufficient reliability (DORING & BoRrTz, 2016,
p. 443) of a=.86, which would not increase through
the removal of individual items (Qif gel).

The test for the suitability of the data for EFAs
showed a KMO coefficient of 0.85. In addition, the
MSA coefficients for the individual items were >0.81
and thus far above the minimum value. Bartlett's
test (x%(66)=573.61, p<.001) indicated correla-
tions of the correlation matrix. The parallel analysis
and the EKC both suggested the extraction of
three factors; the MAP test suggested two factors,
with values for two (MAP=0.044) and three
(MAP=0.0045) factors very close to one another;
the comparison of the BIC for different factor mod-
els delivered arguments for a three-factor model.
Overall, the characteristic values clearly indicated
a three-factorial model. An EFA with the specifica-
tion of three factors resulted in the factor’s eigen-
values of 2.38 (ML1), 2.25 (ML2) and 2.05 (ML3);
the differences in the factor values of the three fac-
tors explained 56% of the differences in the item
responses of the items in the factor analysis.

tion with Pearson correlations was therefore chosen
as the discrepancy function in accordance with the
recommendations of BUHNER (2021, p. 422).

The significance of the factor loadings (A) was
tested using the bootstrap method (20 iterations),
and double loadings were critically analyzed. In
cases where item analyses, factor loadings, etc.
suggest the removal of individual items, BROWN
(2015) recommended carrying out all steps of the
EFA again with the reduced set of items. For factor
loadings, according to ComRey and Lee (1992,
p. 243), values from A=.55 are considered good,
from A=.63 very good, and from A=.71 excellent.
Therefore, a cut-off value of A=.55 was used. The
reliability of the factors was tested using Cron-
bach’s alpha following the strict specifications of
DORING and BoRrTz (2016), where reliability is con-
sidered high at a>.90 and sufficient at a>.80.

The results of the item analyses and the individ-
ual steps and results of the EFAs are presented be-
low, first for the university student sample and then
for the sample of the school students.

The level of the main loadings was very good to ex-
cellent (0.66 <A <.83) for all items except coSEB2
(A=.49) and iSe5 (A=.46) (COMREY & LEE, 1992). The
significance of the factor loadings was tested using
the bootstrap method (20 iterations), while using
an adjusted value of p=0.00139 (calculated by di-
viding 0.05 by the product of 12 items and 3 factors)
for the confidence intervals for errors of the first type.
This showed that all main loadings, with the excep-
tion of the items coSEB2 and iSEB5, were significant,
and all secondary loadings were not significant.
Only the items coSEB2 (on ML1: .49 and on
ML3: .20) and iSEB5 (on ML1: .46 and on ML3: .30)
had double loadings. While they were understand-
able in terms of content, at the same time, this would
argue against a simple structure of the factors, mak-
ing the calculation of factor mean values and subse-
quent analyses more difficult. The question arose of
whether to remove the items or to retain them and
assign them to a factor from a content perspective
despite the double loadings. The breadth of con-
tents of the three factors (see below) would also be
given without the two items—the number of items per
factor would be in the range of the lower limit without
the two items (with three items each still available) but
would still be sufficient. In addition, the loadings of
the two items were also not significant. Therefore, the
decision was made to remove the items, especially
given the goal of using the factors for further analyses
(also in the form of factor means). In the next step, an-
other EFA was carried out for the remaining 10 items.
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For the reduced set of 10 items, the conditions for
EFA were also favorable, as shown by Bartlett's test
(x3(45)=486.56, p<.001) as well as the KMO coeffi-
cient (0.82) and the MSA coefficients (=.77). Only the
limitations regarding the sample size remained.

Regarding the number of factors, the parallel
analysis suggested four factors while the EKC and
the BIC suggested three factors. The MAP test sug-
gested two factors, while the values for the two-factorial
(MAP=0.061) and the three-factorial (MAP=0.066)
model were close together. Therefore, analogous to
the first EFA, three factors were extracted (maximum
likelihood with oblimin rotation), which had eigen-
values of 1.83 (ML1), 2.29 (ML2) and 1.84 (ML3), re-
spectively, with 60% variance explained.

The three factors can be interpreted meaning-
fully in terms of content. Factor ML2 (see Fig. 3) com-
prises individual SEB at the cognitive level: difficult
questions can be answered and CC can be ex-
plained to others; furthermore, fake news on CC can
be recognized as such. The common factor is the
SEB of being able to deal appropriately with facts
about CC on a cognitive level. A possible wording
for this factor is individual SEB with regard to CC
knowledge. Factor ML1 is also classified in the area
of individual SEB, but the items include the action

level: | can behave appropriately with regard to CC
in everyday life and | succeed in motivating others
for climate-friendly behavior or convincing others
to take action for climate protection. One possible
wording for the factor is individual SEB with regard
to climate action. The third factor, ML3, comprises
collective SEB on different scales or reference lev-
els. It is always about collective action with regard
to CC: jointly convincing others of the importance
of climate protection measures, jointly carrying out
actions for climate protection and jointly making
everyday actions more climate-friendly. The social
and spatial references include the individual's own re-
gion, Bavaria, and Germany. A possible wording for
the factor is collective SEB on CC.

The factor loadings (see Fig. 3) are at least in the
very good range (0.66<A<0.89; CoMREY & LEE,
1992), significant (bootstrap method, p=.00167,
20 iterations) and without substantial side loadings
(all side loadings were non-significant). Therefore,
a single structure (BUHNER, 2021, p. 410) is given.
The factors correlate with 0.27 <r<0.52—below the
cut-off values of r<.80 and r<.85 respectively
(BROWN, 2015, p. 116; BUHNER, 2021, p. 432)—which
argues for the independent interpretability of the
factors. Here, individual SEB action correlates at

ML2 ML3 ML1
ind. SEB  coll. SEB ind.
knowledge SEB action
a .838 .819 .806
M 4.37 4.08 4.18
SD 0.97 1.05 1.03
iSEB2 Itrust myself to answer difficult questions about climate change. 81 .03 -09
SEBT | can recognize when faIS(.e information about climate change is be- 76 02 05
ing spread on social media.
iSEB3 Itru.st myselfto dlstlngU}sh scientific information from untrustwor- 7 07 b
thy information about climate change.
iSEB6 I can explain climate change to others. 66 A3 .00
CoSEBT We together |n.Germany can convince others of the importance of o4 80 03
climate protection measures.
coSEBA We together in Bavaria can change our everyday behavior to miti- 01 76 o
gate climate change.
CSEB3 We in our region can plan and implement climate protection actions 02 7 08
together.
iSEB8 | Itrust myself to motivate others to adopt climate-friendly behavior. -04 .06 .89
SER7 [can colnvmce others that it is important to take a stand for climate 15 N 8
protection measures.
iSEBA I have the confidence to behave in a climate-friendly way in my eve- 00 09 7

ryday life.

Fig. 3. Sample matrix of the EFA with 10 items (without iSEB5 and coSEB2), university students (Source: authors)
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ML1 ML2
. ind. SEB-
SEB action d.S
knowledge
a 923 .780
M 4.28 4.02
SD 1.08 1.15
c0SEBA We together in Bavaria can change our everyday behavior to mitigate cli- 86 04
mate change.
iSEB8 |ltrust myself to motivate others to adopt climate-friendly behavior. .83 .04
C0SEB? We together as a family can convince others to behave in a climate- 80 00
friendly way.
iSEBA I.have the confidence to behave in a climate-friendly way in my everyday 79 10
life.
iSEB7 I.can convince others that it is important to take a stand for climate protec- 77 05
tion measures.
0SEBT We tog.ether in Germany can convince others of the importance of climate 76 06
protection measures.
0SEB3 We in our region can plan and implement climate protection actions to- 70 09
gether.
iSEB5 |l can help mitigate climate change through my actions. .67 -03
iSEBT I can recogmz? whenfalse information about climate change is being 05 81
spread on social media.
iSEB3 I trust rleseIfto dls.tmgmsh scientific information from untrustworthy in- o 81
formation about climate change.
iSEB2 |Itrust myself to answer difficult questions about climate change. .10 .55

Fig. 4. Sample matrix of the EFA with 11 items (without iSEB6), school students (Source: authors)

r=0.52 with individual SEB knowledge and at the
same level with collective SEB, whereas individual
SEB knowledge correlates only at r=0.27 with col-
lective SEB. In terms of content, this is understand-
able: The two individual SEB scales correlate more
strongly, whereas the individual SEB knowledge
has a significantly weaker correlation with the col-
lective, more action-related SEB. The reliabilities of
the three factors were subsequently tested. These
were in the sufficient range with Cronbach'’s alpha
>.806 (DORING & BORTZ, 2016).

5.2 SEB on CC Among School Students

The item scores did not show any abnormalities
(see Appendix 2), and the overall scale reached high
reliability (DORING & BORTZ, 2016, p. 443) of a=.92.
The mean values for most items were slightly lower
than for the group of university students.

The data was suitable for EFA (Bartlett's test:
¥2(66)=1113.136, p<.001; KMO=0.89; MSA=0.79).
With regard to the number of factors, the parallel
test, the MAP test, the BIC, and the EKC suggested

the extraction of two factors, so an EFA (direct-
oblimin, maximum likelihood discrepancy func-
tion) with two factors was calculated. The eigenval-
ues of the factors were 4.98 (ML1) and 1.94 (ML2);
the variance resolution was 58%, and the factors cor-
related with r=.58. The main loadings of the items
were significant and, with the exception of iSEB6
(A=.41), the values were at least in the good range
(.60 <A <.86). The secondary loadings were not sig-
nificant, with the exception of iISEBé (A=.26). Given
that the double loading included significant side
loadings, iISEB6 was excluded, and the analyses were
repeated for the remaining 11 items. The suitability
of the data for EFA was still given (Bartlett's test:
x455)=732.735,p<.001; KMO=0.90; MSA=0.78):
With regard to the number of factors, all tests sug-
gested the extraction of two factors.

The EFA resulted in good to excellent (COMREY
& LEE, 1992) main loadings (0.55 <A <0.86) without
noteworthy secondary loadings (see Fig. 4). The
factors had a high or still sufficient reliability of
>.78 and can be interpreted meaningfully in terms
of content. A possible wording with regard to the
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similarities in the content of the items included
could be individual SEB with regard to CC knowl-
edge (ML2), analogous to the university student

sample, on the one hand, and SEB with regard to
CC action (ML1), on the other.

6. Discussion, Limitations and Outlook

The goal of this study was to develop and test a
questionnaire (SEB-CC) for the assessment of indi-
vidual and collective SEB on CC. For this purpose,
the developed items were used in two groups (uni-
versity students and school students), the item
characteristics were analyzed, and the factorial
structure was examined using EFA. As a result, reli-
able and valid questionnaires with a clear factor
structure are available in German-speaking coun-
tries for the first time.

In the data set of university students, a three-
factor structure proved to be the statistically best
solution; at the same time, the factors could be in-
terpreted meaningfully in terms of content. On the
level of the latent structures, the collective SEB on
CC as well as two facets of the individual SEB were
represented with action-related and knowledge-
related aspects. For the group of school students,
a two-factor solution proved to be statistically opti-
mum and also interpretable in terms of content.
Analogous to the latent structures of the university
student sample, the individual knowledge-related
SEB also emerged as one factor in the school stu-
dent sample. In contrast, the second factor was a
common factor of the individual action-related and
the collective SEB, which were separate in the uni-
versity student data set; the distinction between in-
dividual and collective SEB was therefore not suc-
cessful in the school student dataset. Possible rea-
sons may lie in suboptimal item formulation and
selection. At the same time, reference should be
made to the limited sample size, which could also
be a reason for the different solutions in the two
groups. However, since the separation of both ar-
eas succeeded in the university student group with
the same items, the reason could also be con-
nected to the respondents: The action-related in-
dividual SEB and the collective SEB as a common
feature have the emphasis on actions—the differ-
ences are located in the second content compo-
nent, which refers either to the individual person or
the individual person as part of a community.
While the interviewed university students per-
ceived this difference, the mutual action was prob-
ably stronger for school students. Age, different
private or family situations, and phase of life may
have played a role in this. A central difference be-
tween the school years at the lower end of sec-
ondary school (the school student sample) and
university students predominantly in the first third

of their studies (the university student sample) is
the process of detachment from family and in-
creasing independence which for many is also
demonstrated by having their first apartment at the
beginning of their studies. It is at least plausible that
these experiences are also accompanied by a
stronger perception of different social reference
groups, while school students do not make this differ-
entiation to such a strong degree and thus the com-
monality of the items regarding actions outweighs
the differences on the individual and collective level.

Regarding the goals of the study, it can be
stated that the goals were achieved for the univer-
sity student sample but that the developed instru-
ment cannot differentiate between individual and
collective SEB in the school student sample. Con-
currently, the item set allows for a separate assess-
ment of knowledge-related and action-related SEB
on CC in both groups. This differentiation can be
beneficial, especially with regard to the evaluation
of learning arrangements in geographic education
in both classroom and extracurricular settings.

Regarding further limitations, in addition to the
general advantages and disadvantages of quantita-
tive approaches, the small sample size for EFA must
be particularly mentioned. On a meta-level, the
study exemplifies the challenges in developing suit-
able measurement instruments, particularly the ne-
cessity of not assuming one-dimensionality and
forming a scale mean solely based on sufficient or
good reliability in the form of the Cronbach'’s alpha of
an item set. The example in this study underscored
the importance of analyzing the factorial struc-
ture—whether it pertains to scales that have been infre-
quently established by using EFA, or scales that have
been used more frequently using CFA. Furthermore,
caution is warranted when using an instrument with a
different sample without re-examining the factorial
structure, as illustrated in this case with the two
groups of university students and school students.

On a more content-related level, it should be
noted as a limitation that although the items of the
collective SEB refer to different scale levels, the
scale levels of Europe and World were omitted for
the reasons explained above. This must be consid-
ered when interpreting the results.

In terms of utilizing the questionnaire to evaluate
school and university learning situations, as well as
corresponding studies, on the basis of this study,
the use the above-described item set with 10 (univer-
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sity students) or 11 items (school students), depend-
ing on the group surveyed, can be recommended. At
the same time, caution is required: although there
are plausible content-related explanations for the dif-
ferent factor structures, uncertainty remains, espe-
cially concerning the sample sizes. Therefore, in sub-
sequent studies with larger samples, all 12 items
should be used. This is due to the suitability and us-
ability of all items in terms of their characteristics.
Consequently, this approach allows for differentiated
comparisons at the individual item level. However,
the calculation of factor means should be carried out
with appropriate caution and should consider the
factorial structure.

For subsequent stages in the research process of
this project, we plan to employ the questionnaire
again in larger samples, verifying the factorial struc-
ture with the help of CFA based on the findings of
this study. This next step would complete the two
phases of BROWN's (2015) questionnaire develop-
ment—first exploring the latent structures using EFA,
then in the next step testing the factorial structure
with a new sample using CFA. In this context, the
characteristics of the SEB of school students and uni-
versity students as future geography teachers are
described, and group differences are analyzed using
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Appendix 1. [tem characteristics for climate change-related SEB (university students) (Source: authors)

iSEB1

iSEB2

iSEB3

iSEB4

iSEB5

iSEB6

iSEB7

iSEB8

coSEB1

coSEB2

coSEB3

coSEB4

ltems in English translation for communicative understanding only and original German wording (italics)

I can recognize when false information about climate change is being
spread on social media. [Ich schaffe es zu erkennen, wenn in sozialen
Medien falsche Informationen zum Klimawandel verbreitet werden.]

I trust myself to answer difficult questions about climate change. [/ch
traue mir zu, schwierige Fragen zum Klimawandel zu beantworten.]

I trust myself to distinguish scientific information from untrustworthy
information about climate change. [Ich traue mir zu, wissenschaftliche
Informationen zum Klimawandel von unseridsen zu unterscheiden.]

| have the confidence to behave in a climate-friendly way in my every-
day life. [ich traue es mir zu, mich in meinem Alltag klimafreundlich zu
verhalten.]

I can help mitigate climate change through my actions. [Ich kann durch
mein Handeln helfen, den Klimawandel abzumildern.]

| can explain climate change to others. {Ich schaffe es, anderen den Kii-
mawandel zu erkléren.]

[ can convince others that it is important to take a stand for climate pro-
tection measures. [Ich kann andere davon (berzeugen, dass es wichtig
ist, sich fiir MaBnahmen zum Klimaschutz einzusetzen.)

| trust myself to motivate others to adopt climate-friendly behavior. [Ich
traue es mir zu, andere zu einem klimafreundlichen Verhalten zu moti-
vieren.]

We together in Germany can convince others of the importance of cli-
mate protection measures. [Gemeinsam in Deutschland kénnen wir an-
dere von der Wichtigkeit von KlimaschutzmaBnahmen (berzeugen.]

We together as a family can convince others to behave in a climate-
friendly way. [Gemeinsam kdnnen wir in der Familie andere davon
liberzeugen, sich klimafreundlich zu verhalten.]

We in our region can plan and implement climate protection actions to-

gether. [Wirin der Region kénnen zusammen Aktionen zum Klima-
schutz planen und durchfiihren.]

We together in Bavaria can change our everyday behavior to mitigate
climate change. [Wir zusammen in Bayern kénnen unser alltagliches
Verhalten verandem, um den Klimawandel abzuschwéchen.]
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Appendix 2. ltem characteristics for climate change-related SEB (school students) (Source: authors)
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iSEB3

iSEB4

iSEB5
iSEB6

iSEB7

iSEB8

¢oSEB1

coSEB2

coSEB3

coSEB4

I can recognize when false information about climate change is be-
ing spread on social media.

I trust myself to answer difficult questions about climate change.

I trust myself to distinguish scientific information from untrustwor-
thy information about climate change.

| have the confidence to behave in a climate-friendly way in my eve-

ryday life.
I can help mitigate climate change through my actions.
I can explain climate change to others.

[ can convince others that it is important to take a stand for climate
protection measures.

I trust myself to motivate others to adopt climate-friendly behavior.

We together in Germany can convince others of the importance of
climate protection measures.

We together as a family can convince others to behave in a dimate-

friendly way.

We in our region can plan and implement climate protection ac-
tions together.

We together in Bavaria can change our everyday behavior to miti-
gate climate change.
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0.70

0.63

0.65

0.72

it

0.51

0.51

0.60

0.65

0.60
0.56

0.74

0.79

0.75

0.73

0.71

0.75

@ it del.

0.91

0.91

0.91

0.91

0.91
0.91

0.90

0.90

0.90

0.90

0.91

0.90
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