PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 21, 020154 (2025)

Development of a multiple-choice test to assess critical thinking in climate change
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Recognizing the complex environmental challenges that humanity faces, there is a growing need to
develop critical thinking skills specifically oriented toward understanding and addressing climate change.
To facilitate the assessment of these skills, a critical thinking in climate change (CTCC) test was developed.
In the first step, 16 semistructured interviews were conducted with high school and university students.
Drawing on insights from these interviews alongside previous research, a first version of the CTCC test
comprising 41 items was administered to a sample of N = 289 high school and university students from
Austria, Belgium, and Germany. The test development process and subsequent evaluation were performed
using Rasch modeling to determine test functioning. Through an iterative process that included three
rounds of testing involving a total number of N = 809 students and analyses, the test items were revised.
The final version of the CTCC test consists of 24 items. Results from Rasch analysis suggest that the test
has high item reliability (0.96) and person reliability (0.80), making it a useful tool for assessing critical
thinking skills among high school graduates and first-semester university students.
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I. INTRODUCTION

As the world encounters the increasing frequency and
complexity of climate change risks [1] and misinformation
about climate change is spread on social media [2-5],
humanity needs to cultivate specific skills to effectively cope
with corresponding challenges. Critical thinking (CT) ena-
bles individuals to distinguish between facts and misinfor-
mation or “fake news,” also in the climate change debate
[6,7]. The complexity of the ecological challenges facing
humanity requires the ability to analyze, question claims, and
make well-informed decisions within the discourse on
climate change. Addressing climate change involves more
than only adopting sustainable practices, such as using
renewable energy; it requires an understanding of the com-
plex system that contributes to the problem [8] and the
capacity to make “reasoned and evidence-based investiga-
tions of a very wide range of personal and social issues and
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concerns’ [9]. Particularly when it comes to climate change,
students should be supported in developing “problem-solv-
ing and collaboration skills; (...) critical thinking, media
literacy skills, and systems thinking; (...) to confront and
reduce the fear and disempowerment that learners might
experience in the face of the planetary crises” [10].
Facione [9] noted that “CT is vitally important in the
personal and civic life of all members of society.” CT s one of
the four citizenship competences named by the European
Commission and embedded in the curricula of many EU
states, mostly at secondary school level [11] but also
emphasized in higher education [12]. Similarly, climate
change education is included in numerous curricula at
different levels. According to a UNESCO report [13], 87%
of the 80 countries surveyed incorporate climate change in
primary or secondary education. “However, only 38% have a
law, policy and/or strategy specifically focused on CCE” [13]
(CCE = climate change communication and education).
Despite these curricula integrations and the well-docu-
mented importance of CT and climate education, research
shows that high school and university students lack CT
skills [14,15] and have difficulties understanding climate
change [16,17]. To support the development of students’
CT skills, it is necessary to assess their current level and
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identify any gaps. Effective education on complex topics
and curriculum development rely on recognizing where
students struggle and on identifying their difficulties [18].
A well-designed assessment is the key to revealing those
areas that require further instruction.

For this purpose, a multiple-choice test was developed in
the project tEachiNG criticAl thinkinG on cllmate chaNGe
(ENGAGING), which aims to evaluate and foster the critical
thinking skills of high school and university students in the
context of climate change. The test targets both groups and is
designed to assess the following learning outcomes:

1. Use model experiments and experimental data to
evaluate hypotheses related to climate events.

2. Differentiate between correlation and cause in the
context of climate change.

3. Recognize the need for a sufficiently large sample
size to draw conclusions and understand the im-
portance of good experimental conditions related to
climate change.

4. Evaluate conclusions and recognize false reasoning
in the given argumentation on climate change.

5. Make informed assessments about future climate
change scenarios based on known probabilities.

6. Effectively use diagrams and graphs as problem-
solving tools and distinguish between relevant and
irrelevant information to support problem-solving and
decision-making related to climate change issues.

These learning outcomes were defined based on
Halpern’s critical thinking framework [19] and selected
content areas related to climate change. They guided the
development of the test items to ensure alignment with the
targeted skill set and content. Halpern’s framework and
content areas of climate change are described in detail in
Sec. II. This paper presents the development and evaluation
process of the test. We present the research questions in
Sec. III. Section IV gives an insight into the research design
and methodology, especially into Rasch modeling. In the
final sections, we discuss the results (Sec. V), the limi-
tations (Sec. VI), and what can be concluded (Sec. VII)
from the study.

II. LITERATURE OVERVIEW AND
THEORETICAL FRAMEWORK

A. Critical thinking

The essence of CT and how to promote it has been
discussed for quite some time. Since the early 1980s, CT
has played a significant role in the U.S. education system,
particularly following recommendations by the Rockefeller
Commission on Humanities that urged the U.S. Department
of Education to incorporate CT into its definition of basic
skills, which rapidly increased interest in this topic [20].
This may also be one of the reasons why many American
philosophers and educational researchers at the end of the

20th century, such as Robert Ennis, John McPeck, Peter
and Noreen Facione, David Perkins, Matthew Lipman, and
Diane Halpern, focused on this subject. However, there has
been disagreement regarding the definition of CT and
methodologies for its instruction. Definitions range from
Ennis’s emphasis on “reasonable reflective thinking” [21]
to McPeck’s focus on “reflective skepticism” [22], and
Facione’s view of CT as a process of judgment involving
interpretation, analysis, and evaluation [9]. Halpern, on the
other hand, sees CT as “the use of skills or strategies to
increase the likelihood that a desired outcome will occur,”
explicitly pointing out that “desired” is defined by the
individual itself [23]. Moseley et al. [24] compare CT skills
with Bloom’s taxonomy, but stress that CT typically
involves higher-level cognitive skills rather than mere recall
of information. When engaging in CT, it becomes clear that
there is an increased focus on the “‘how’ and ‘why, as
compared to lower order knowledge levels, which focus
simply on ‘what’” [25]. Davies and Barnett [26] further
articulate the multidimensional nature of CT by distinguish-
ing between various cognitive levels: lower-level thinking
skills (e.g., interpretation), higher-level thinking skills (e.g.,
analysis), complex thinking skills (e.g., evaluation, reason-
ing, and problem solving), and thinking about thinking (e.g.,
metacognition). This highlights the different levels of CT,
from basic comprehension and understanding of information
to more advanced thinking processes, emphasizing the
importance of metacognition in reflecting and improving
one’s thinking. While various definitions of CT exist, this
study adopts the view, in line with Halpern’s definition, that
CT is goal-directed reasoning encompassing problem-solv-
ing, formulation of inferences, calculation of likelihoods, and
reasoned decision-making based on context-specific cogni-
tive strategies [19].

The diversity in definitions of CT can be attributed to its
interdisciplinary origins, with contributions emerging from
psychology, educational science, and philosophy [27].
Different approaches have led to different definitions and
emphases, making it more complex to analyze CT.
However, even if there is some disagreement regarding
the exact definitions, there is a consensus that CT involves a
combination of certain skills and dispositions [9,19,27-29].

Dispositions, understood as affective states that include
attitudes toward critical inquiry and a readiness to apply
critical reasoning, encompass qualities such as curiosity,
open-mindedness, understanding of other people’s opin-
ions, flexibility in considering alternative ideas, and self-
confidence in one’s own ability to reason [9,26,30]. A
proficient critical thinker is characterized by the willingness
to plan, be flexible, be persistent, correct errors, and work
toward consensus when needed [19].

In addition to the dispositions mentioned, critical think-
ers need specific skills. Skills that overlap across various
definitions of CT are the ability to analyze arguments, to
make inferences by using inductive or deductive reasoning,
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the ability to make a judgment or evaluation, and problem
solving and decision making [27]. It is precisely these skills
that Halpern [19,23,31] explicitly defines as the five core
CT skills: verbal reasoning, argument analysis, hypothesis
testing, likelihood and uncertainty analysis, and problem
solving and decision making. These are briefly elabo-
rated below.

1. Verbal reasoning

This skill refers to an understanding of information in
verbal or written form. Knowing reasoning patterns is
essential, especially to defend against the manipulations
common in everyday language. Language is often delib-
erately used falsely to deceive or lure people, as is the case
with advertising [19]. Effective reasoning includes recog-
nizing premises, conclusions, and key linguistic quantifiers
(e.g., “all,” “none,” “some,” “only”) that shape the structure
and clarity of information. Furthermore, the differentiation
between deductive reasoning, concluding in a top-down
fashion, and inductive reasoning, concluding in a bottom-
up manner, is crucial for recognizing logical fallacies and
ensuring sound reasoning [19].

2. Argument analysis

Argument analysis presents a considerable challenge, as
arguments are often complex and multifaceted in real-
world contexts. This skill requires deconstructing complex
arguments by identifying premises and at least one con-
clusion, and to recognize justifications, counterarguments,
underlying assumptions, and sometimes irrelevant infor-
mation [23]. This is essential to make informed decisions.
In addition, assessing the credibility of a source of
information, recognizing the differences between opinions,
reasoned judgments, and facts, and recognizing and refuting
different fallacies in arguments are part of this skill set [19].
For instance, the part-whole fallacy occurs when it is
incorrectly assumed that what holds true for the parts of
an entity must also hold true for the whole or vice versa [19].
Consider the following example: Birds have feathers.
Feathers are very light. Therefore, birds must be very light.
This line of reasoning illustrates the fallacy by erroneously
extrapolating from the properties of a part to the whole.

3. Hypothesis testing

Hypothesis testing is strongly associated with scientific
inquiry. Nevertheless, its underlying principles are also
relevant in everyday life. It involves the formulation of
hypotheses based on observations, followed by the sys-
tematic evaluation of these hypotheses through the collec-
tion and analysis of relevant data. This process allows
individuals to determine whether the available evidence
supports or contradicts a given hypothesis. Effective
hypothesis testing requires an understanding of the need
for sufficiently large and representative samples, controlled

experimental conditions, and caution when drawing gen-
eralizations, particularly from small or biased datasets [19].
A key component of this skill is the ability to differentiate
between correlation and cause. One common error in this
context is the fallacy of false cause, in which a causal link is
mistakenly inferred between two events simply because
they occur simultaneously or sequentially [19].

4. Likelihood and uncertainty analysis

Uncertainty and probability play a vital role in our lives.
This is precisely why this ability is important, as it involves
estimating the probability of events and making decisions
based on it. In the case of classical probability, probability
is defined as the ratio of the number of certain outcomes to
the total number of possible outcomes, assuming that all
outcomes are equally likely. However, people tend to
display overconfidence in favorable outcomes, under-
estimate the role of chance and frequently construct post
hoc explanations for events that are, in fact, random in
nature [19]. When making predictions about future events
based on existing data, extrapolation is used to extend the
observed trends. However, critical thinkers need to under-
stand the limitations of extrapolation, which is connected to
the variables being extrapolated, the quality of existing
data, and underlying conditions [19].

5. Problem solving and decision making

The competency of problem solving and decision mak-
ing incorporates all core CT skills to effectively address
complex situations and make informed decisions. Central
to this skill set is the ability to define a problem, generate
potential solutions, and systematically develop and evaluate
alternative courses of action [19]. Creative thinking is
included in this skill and is essential in generating inno-
vative solutions [23], while a systematic evaluation process,
considering both positive and negative potential outcomes,
is necessary to avoid confirmation bias and other common
pitfalls in decision making [19]. To enhance decision
making, it is useful to begin with a precise definition of
the decision to be made, followed by the systematic listing
and evaluation of possible alternatives based on relevant
criteria. Problems encountered may be well-defined or ill-
defined [19]. Well-defined problems have clear solution
paths, goals, and often one correct answer. Ill-defined
problems have a variety of interpretations and different
objectives. In our lives, we usually face problems that cannot
be solved with only one correct answer. Tools such as graphs,
diagrams, hierarchical trees, matrices, and models can be
helpful to solve a particular problem [19]. Importantly,
critical thinkers must be able to distinguish between relevant
and irrelevant information to maintain focus on the actual
problem and avoid being misled by extraneous details.

The CT skills outlined above form a foundational
framework for a skill-based approach to CT instruction.
This framework emphasizes the development of teachable

020154-3



MAGDALENA MICOLOI et al.

PHYS. REV. PHYS. EDUC. RES. 21, 020154 (2025)

and transferable skills that bridge the gap between the
thinking skills cultivated in educational settings and those
required in professional environments [23]. These CT skill
categories are used in the assessment of educational out-
comes [32]. They can be seen as specifications for assess-
ments, similar to including different types of math problems
in a computational test and should not be seen as independent
dimensions [31]. Although Halpern’s framework was origi-
nally developed with a focus on everyday situations, its five
core skill categories are also fundamental to scientific
thinking. In science education, and particularly in physics,
these skills are needed, for example, to formulate hypotheses,
interpret data, and draw conclusions based on empirical
evidence. Accordingly, several studies in physics education
have adopted Halpern’s framework [33-35]. Given the
increasing emphasis on connecting physics education to
societally relevant issues, topics such as climate change
provide a rich and meaningful context for fostering critical
thinking.

Another ongoing debate in literature concerns the nature
of CT, whether it is a general skill set that transfers across
domains or whether it is inherently tied to specific
disciplinary contexts [21-23]. One perspective argues that
CT involves domain-general skills, i.e., skills that do not
focus on a specific content area [23,36,37] and are
applicable across a range of everyday scenarios or familiar
contexts. Existing test instruments, such as Halpern’s
Critical Thinking Assessment (HCTA) [31], the Cornell
Critical Thinking Test (CCTT) [38], the Ennis-Weir Critical
Thinking Essay Test [39], and the Watson-Glaser Critical
Thinking Appraisal [40], aim to measure these general CT
skills. In contrast, another approach holds that CT is best
understood and developed within specific disciplinary
contexts [22], given that effective reasoning often relies
on content knowledge and contextual understanding. This
conceptual debate has direct implications for the develop-
ment and selection of CT test instruments, whether they
should assess general or domain-specific CT skills.

Many studies have demonstrated that integrating the
skills into a specific context enhances learning outcomes
(see, for example, Refs. [25,35,41,42]). These findings
suggest that students are more likely to develop robust CT
skills when they are applied to subject matter from their
academic major or to a course-specific context [25,43]. As
a result, varying instructional and assessment strategies for
CT have emerged across disciplines, including nursing
education [44], mathematics (e.g., [45]), biology (e.g.,
[46]), physics (e.g., [34,35,47]), and in intersection of
STEM disciplines (e.g., [48]). In line with this previous
research, we adopt a domain-specific view of CT. For
example, Tiruneh et al. designed teaching-learning sequen-
ces for promoting domain-specific CT within the context of
electricity and magnetism, and their findings indicated that
learning gains occurred primarily in domain-specific CT,
which was fostered through systematically designed,
domain-specific instruction [49]. Further research is needed

to explore how such instruction can foster transfer from one
domain to another or from domain-specific to domain-
general CT.

Although there is research on domain-specific CT within
different disciplines, a gap remains concerning climate
change. Established general CT assessments, such as the
HCTA, provide valuable measures of general CT skills, but
they are not suited to the specific demands posed by
domain-specific content, such as climate change. HCTA
evaluates CT through scenarios set in various real-world
contexts, including educational policy and healthcare set-
tings [31]. These contexts are used to assess the examinee’s
ability to analyze assumptions, interpret data, evaluate
argument strength, and identify reasoning flaws. Our
instrument integrates CT skills within authentic tasks
related to climate change, enabling more precise evaluation
of students’ skills in this context. To our knowledge, there is
no established and reliable instrument for assessing CT
skills in the context of climate change. Given that effective
CT assessment should relate to authentic, real-world
problems [23,50], the domain of climate change offers a
particularly relevant and meaningful, and at the same time
discipline-specific, context in which to evaluate domain-
specific CT skills.

B. Climate change (CC)

Climate change is a pressing global problem of our time.
It is addressed in science and at school as well as in the
media. The wealth of information from the media on
climate change, in particular, contributes to students devel-
oping different ideas [51]. However, according to the
USGCRP, a solid understanding of the scientific principles
of climate change is one of the four dimensions of
becoming a climate literate person [8].

On the whole, climate change is a broad, interdiscipli-
nary field of research in which there are many different
elements and processes to consider. Narrowing down and
defining specific concept areas is helpful to be able to focus
on relevant aspects. Especially those aspects where students
still have difficulties should be examined closely. Key
concept areas that have been defined as important for
dealing with climate change and should be addressed in
climate change education are (1) the Earth’s atmosphere,
(2) climate as a system, (3) the carbon cycle, (4) weather vs
climate, and (5) the greenhouse effect [52].

In the following, the important aspects of the different
concept areas are briefly summarized, highlighting stu-
dents’ difficulties and specific ideas related to these aspects.
For a more in-depth discussion about the concept areas and
students’ ideas, we refer to [17,53,54].

1. The Earth’s atmosphere

This concept area primarily includes an understanding of
the atmosphere’s composition, structure, and size. Lower
layers are particularly important for weather and climate
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phenomena, as they hold most of the air and are influenced
by the Earth’s infrared (IR) radiation. When it comes to the
composition of the atmosphere, a distinction must be made
between nongreenhouse gases and greenhouse gases.
Greenhouse gases, present only in traces, play a decisive
role, as these gases interact with IR-radiation but not with
visible light.

Previous studies show that students have difficulties in
knowing which gases are greenhouse gases. A significant
number of students focus solely on CO, as a greenhouse
gas, unaware that water vapor also plays a critical role in the
greenhouse effect [16,55-61]. Similarly, the concentration
of greenhouse gases, especially of CO, in the atmosphere is
estimated to be much higher than in reality [16,55]. There is
also a misconception about an accumulation of greenhouse
gases in upper layers of the atmosphere, comparable to a
glass roof of a greenhouse, whereas they are evenly
distributed [58,61-64].

2. Climate as a system

Earth’s climate is a complex system in which various
components, such as the atmosphere, oceans, and terrestrial
environments, interact with each other and exchange
energy and matter. Changes in the climate system are
caused by feedback effects, natural influences, and human
activities, involving the burning of fossil fuels. Students
should understand the climate as a system to avoid seeking
one-sided solutions and to be careful with interventions in
this multiplex system.

The interplay of different components, sometimes
involving only small quantities that are having an impact
on the overall climate, is difficult for students to understand
[16]. Concerning tipping points, a study among the British
public shows that a quarter of those surveyed (N = 1773)
had never heard of tipping points [65], and when looking at
feedback effects in the climate system, students are usually
not familiar with this concept [16].

3. The carbon cycle

Understanding the carbon cycle is about recognizing that
for centuries the exchange of carbon has been undisturbed
and consists of an interplay between the different reser-
voirs, such as atmosphere, oceans, and living organisms.
Human intervention in this cycle, through the burning of
fossil fuels and deforestation, destroys the natural balance.
Particularly, the aspect of human influence should be
emphasized here.

For students, it is difficult to connect their own under-
standing of the carbon cycle and the influence of humans
on climate change [56,59,66,67]. Their focus regarding the
carbon cycle is mainly on atmospheric CO, [16]. In
addition, students do not have a good understanding of
the exchange of carbon between reservoirs, for example,
through the solubility of CO, in water and the resulting
impact of increased atmospheric CO, on oceans [68].

4. Weather vs climate

The key aspects of this area are the definition of and
distinction between weather and climate. Weather is
directly perceptible as the atmospheric conditions at a
specific place and at a specific time. Climate, on the other
hand, is described in the long term by statistics such as
average temperatures and their changes and can be speci-
fied on a global scale. Whereas the weather can only be
predicted for a few days, climate models provide highly
probable projections for decades.

Regarding the distinction between weather and climate,
students tend to confuse the terms or mix them up
[55,58,69,70]. In addition, students draw conclusions about
the climate based on information about local weather [71].
They also claim to directly witness climate change by
referring to individual weather events [72].

5. The greenhouse effect

The greenhouse effect is a complex phenomenon,
elucidated below through a series of simplified steps: solar
radiation of different wavelengths reaches the Earth, which
is surrounded by the atmosphere. Some of the incoming
solar radiation is reflected immediately (e.g., by clouds),
some is absorbed in the atmosphere, and the rest reaches the
Earth’s surface directly. Depending on the surface proper-
ties, the incoming radiation is reflected (in bright areas such
as ice and snow) or absorbed (in dark areas such as rock or
water). By absorbing visible solar radiation, the Earth’s
surface heats up and emits long-wave IR-radiation because
of its temperature. The present greenhouse gases in the
atmosphere (such as CO,, methane, water vapor, etc.)
interact with the IR-radiation emitted by the Earth, causing
the atmosphere to heat up and also emit IR-radiation in all
directions, including back toward the Earth’s surface. This
process explains the natural greenhouse effect, which
enables the vital conditions for humans. In the case of
radiative equilibrium, the Earth emits the same amount of
energy as it absorbs from the Sun. What is added by the
anthropogenic greenhouse effect, however, is further warm-
ing due to an increasing concentration of CO, in the
atmosphere. This leads to a temporary radiative imbalance,
because with a higher CO, concentration in the atmos-
phere, more IR-radiation from the Earth’s surface is
absorbed by the atmosphere. Consequently, more energy
remains on Earth.

Numerous studies have investigated students’ concep-
tions of the greenhouse effect. For instance, students
believe that global warming is caused by an increase in
solar radiation [59,60,62—64]. Furthermore, the depletion
of the ozone layer is believed to intensify the greenhouse
effect by allowing more energy to reach the Earth’s surface
[16,56,58-61,66,69,70]. Moreover, only a few students
distinguish between the natural and anthropogenic green-
house effect [56-59,61,63].
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As can be seen in the different concept areas, various
student difficulties and ideas have already been examined
in the context of climate change. Not all student ideas
correspond with scientific explanations. However, these
incorrect student ideas should not purely be seen as an
obstacle, but as an opportunity to promote learning proc-
esses [73].

To assess students’ difficulties on climate change,
dedicated test instruments have been developed (see, for
example, Refs. [52,53,57]). Research-based teaching mate-
rials targeting the identified difficulties can be used to
improve students’ conceptual understanding in the context
of climate change [74].

III. RESEARCH QUESTIONS

Based on the existing research referred to above, we
focus on still open aspects regarding a test instrument
specifically assessing critical thinking skills in the context
of climate change, and we seek an answer to the following
research questions:

(1) How can critical thinking be measured in the context
of climate change among high school and university
students?

(2) To what extent are the identified critical thinking
skills developed among students in the context of
climate change?

(3) What are the main difficulties of students when it
comes to critical thinking in the context of climate
change?

To answer these questions, both the test development and
the findings of the assessments are presented.

IV. RESEARCH DESIGN AND METHODS

In this section, the necessary background on one-dimen-
sional dichotomous Rasch modeling is provided, as it forms
the foundation for the development of the test instrument.
For a more complete description of Rasch modeling, we
refer to [75-78]. Rasch modeling has already been used to
develop and analyze test instruments for quite a number of
studies in educational sciences, especially in physics
education (see, for example, Refs. [52,79-84]). Below,
the specific steps of test development, such as interviews
and sampling, are presented.

A. Use of Rasch model for test
construction and evaluation

The test instrument was developed following the 10 steps
as proposed by Liu [76] and Planinic et al. [79]:
(1) Defining the construct to be measured.
(2) Identifying different levels of the construct corre-
sponding to different cognitive levels.
(3) Deriving of items from the construct (item pool).

(4) Field testing with a representative sample of the
target population.

(5) Conducting Rasch modeling.

(6) Evaluating fit statistics and revising the test items.

(7) Reviewing the Wright map and adding or deleting
of items.

(8) Repeating the steps (4) to (7) until a set of items fit
the Rasch model and defining a scale.

(9) Determining the validity and reliability claims of the
measurement instrument.

(10) Developing the documentation for the measurement

instrument.

In our study, the construct to be measured is defined as
critical thinking in the context of climate change (step 1).
Following the theoretical framework (see Sec. II) and the
explanation by Halpern that the five CT skills should not be
seen as independent dimensions [31], it is operationalized
as a linear, unidimensional attribute. A clearly defined
construct forms the foundation for the subsequent develop-
ment of test items.

The items have been constructed in a way to ensure that
different levels of a construct (critical thinking in the
context of climate change) require different levels of
cognitive reasoning (step 2). This has been done by
organizing the construct around the five CT skills. In the
next step, an initial item pool has been developed, con-
sisting of 35 open-ended questions (step 3). These were
evaluated through interviews with high school and uni-
versity students. From that, the first version of the multiple-
choice test critical thinking in climate change (CTCC) with
41 items was developed and administered in a pilot study to
high school and university students (step 4). The data
obtained were then analyzed using Rasch analysis [85] via
Rasch modeling software (step 5).

This allows for a detailed examination of fit statistics and
revisions of the test (step 6). Diagnostic measures provided
by the Rasch model include the Infit and Outfit MNSQ
values as well as person and item reliability [77,78], which
are crucial for evaluating data-model fit. The Infit MNSQ
statistic, as the weighted mean of the squared residuals,
sensitive to responses near a participant’s ability level, and
the Outfit statistic, as the arithmetic mean of simple squared
residuals, influenced by outliers, are used to evaluate
whether each item conforms to the model. Fit values
ideally range from 0.7 to 1.3, with broader acceptable
limits for the first round extending from 0.5 to 1.5 [76].
Items that fail to meet these criteria need to be either revised
or excluded. Poor fit values for items may stem, for
example, from unclear wording or content issues of a
specific item. However, misfit can also occur at participant
level and needs to be checked. A person’s poor fit can be
caused, for example, by guessing or not reading and
answering the items carefully. If necessary, participants
with poor fit and low abilities need to be removed to avoid
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TABLE I.  Short description of the CT skills and overview of the distribution in the final version of the CTCC test with overall 24

items.

CT skills Description Items

Verbal reasoning Students need to understand the given information and recognize misleading 9, 13, 21
language, for example, when analogies are made or quantifiers are used.

Argument analysis When students analyze the given arguments, they need to understand their 1, 3, 4, 10, 22

structure and complexity, assess the credibility of sources, and be careful
when conclusions are drawn that cannot be supported.

Hypothesis testing

Students should recognize the need for a sufficiently large sample and good

5,6,8, 11, 14, 17, 18

experimental conditions before making generalizations. Students should also
use given data or experiments to test hypotheses.

Likelihood and
uncertainty analysis

Problem solving and
decision making
process or decision.

Students estimate probability of events, use them to guide decisions and
understand the limits of extrapolation when predicting future events.

When solving problems or making decisions, students should use all the skills
mentioned as well as the graphs and information provided for their solving

7,15, 19

2,12, 16, 20, 23, 24

distorting item fit values. To interpret the relationship
between participant abilities and item difficulties on a
linear logit scale, a Wright map is employed (step 7).
This visualization tool not only shows the distribution of
items across the ability range but also aids in identifying
gaps where additional items might be needed or redundant
items removed [79].

The testing as well as Rasch analysis procedures are
repeated in iterative loops until an adequate test instrument
is achieved. In our case, it was 3 rounds of testing and
analysis (step 8). This iterative process ensures that the
instrument exhibits high internal consistency. In accor-
dance with this, Rasch analysis of the data from the pilot
study was conducted and content considerations were
discussed in the group. As a result, the items were revised
and the adapted test was administered to a new sample.
Again, the data were evaluated using Rasch analysis. After
final adjustments, the test instrument entered the third
survey phase, followed again by a Rasch analysis. After
this analysis, 17 students have been removed from the
sample because of their very high Outfit values connected
with very low ability, which indicates guessing. In addition,
3 items have been removed from the test because the Outfit
values were slightly higher than 1.3 and to further reduce
the testing time for students. The final version of the CTCC
test consists of 24 items and is structured according to
combinations of CT skills and concept areas of climate
change, meaning that in each item, we focus on one CT
skill and one concept area of climate change. Table I shows
the distribution of the items and operationalizes CT as
defined in our research framework.

With regard to construct validity, it is evaluated through
Rasch analysis, including the assessment of one-dimen-
sionality, verified by Principal Component Analysis of
Residuals (PCA-R), as well as fit statistics and item

correlations. In addition, the test instrument underwent
expert review. Subject-matter experts scrutinized each item
to determine its alignment with the defined construct,
reinforcing both face and content validity [86]. Test
reproducibility is assessed through the calculation of item
and person reliability metrics (step 9). The closer the values
are to 1, the better the test can capture differences between
different participants (person reliability) and the more
precisely the relative difficulty of the items is estimated
(item reliability), suggesting good reproducibility for sub-
sequent measurements. However, it is important to note that
high reliability values alone do not provide information about
the quality of the test. The entire process described must be
considered for evaluating the test’s quality. The last step of
test development regarding Rasch, the documentation of the
entire process, is dealt with in this paper (step 10).

B. Interviews

First, 16 semistructured think-aloud interviews were
conducted. Eight preservice teachers at TU Dresden (two
female, six male; from 4th to 9th semester) and eight high
school students from Saxonian high schools (seven female,
one male; around 15 and 16 years old) voluntarily
participated in the interviews, employing a convenient
sampling approach [86]. All participants have given their
consent for the interviews to be recorded and were
informed that they could stop the interview at any time.
Each interview took on average 2 h to discuss the 35
developed items. The interviews primarily aimed to derive
realistic distractors from the participants’ responses, while
also identifying students’ argumentation patterns and
challenges related to critical thinking in the context of
climate change. The students at TU Dresden represent a
good mix from preservice teachers from higher semesters
to relatively beginners. They had not attended any specific
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climate change or critical thinking courses before. The age
of the participating high school students ranges from 15 to
16 years. In school, they had only dealt with climate change
in geography lessons, not in physics class.

When conducting the interviews, the participants were
asked to respond to the questions given and say everything
that came to mind. They were also told that there were no
wrong answers in order to motivate them to speak their
thoughts on the text without hesitation. This method is
referred to as think-aloud interviews [87,88]. This enabled
the interviewer to recognize the reasoning behind the
students’ answers and, if necessary, to address any ambi-
guities and ask for more detailed explanations. The inter-
views were recorded, transcribed, -categorized, and
analyzed using qualitative content analysis [89].

C. Test development and sampling

After the interview analysis, out of the original 35 open-
ended interview questions and corresponding student
responses, a first version of the multiple-choice test
CTCC was developed and administered in German. This
version comprised 41 multiple-choice items with a single
correct answer per item. We have decided to test a larger
pool of items in order to find the best set of items after
analysis. For pilot testing, the test was divided into two
booklets, each containing 26 items, including 11 anchor
items in both booklets. When allocating items to the two
booklets, considerable care was taken to ensure that both
groups were presented with comparable tasks. For instance,
effort was made to balance the number of graphical
analyses required by each group, or in some cases, two
similar versions of one question were tested.

The test was conducted in all three rounds using an online
survey program. Participants were informed about data
protection measures, which all consented to. Participation
was voluntary, with no disadvantages imposed on students
who chose not to take part in the study. A convenience
sampling approach was employed for data collection [86].

In the first study, N = 289 students participated. A total
of 191 of the participants were university students (79
female, 103 male, 4 diverse, and 5 no response) from six
universities across Austria, Belgium, and Germany span-
ning from the first year of studying physics to Ph.D.
candidates. Students had no dedicated courses on critical
thinking or climate change as such courses are not part of
the physics curriculum. The other 98 were high school
students (50 female, 40 male, 2 diverse, and 6 no response)
from 10th to 12th grade (16 to 18 years old) from two
Viennese high schools (Austria). As well, high school
students had received no prior instruction on critical
thinking or climate change. The average time needed to
complete the test was approximately 35 min. Collected data
were analyzed using the Winsteps software for Rasch data
analysis [90] to examine item performance and overall test
function. Based on the quantitative fit statistics and

qualitative item reviews, the test was modified, with 14
items being removed entirely and others slightly rewritten.
In addition, five new items were developed to address gaps
identified in the item-person map and to ensure balanced
representation of all CT skills across the test. This resulted
in a revised instrument containing 32 items.

For the second test run, the instrument was again divided
into two booklets, each now comprising 22 items per
booklet linked with 12 anchor items. A total of N = 340
participants took part, consisting of 244 high school
students from 10th to 12th grade (88 female, 100 male,
3 diverse, and 53 no response) and 96 university students
(30 female, 62 male, and 4 no response) from Austria and
Germany in their first year of physics to Ph.D. candidates.
In this round, the average completion time was reduced to
approximately 30 min. A further Rasch analysis was
performed, resulting in removing five items due to misfit
and additional content considerations. In addition, we
wanted to reduce testing time.

A third data collection of the CTCC test was imple-
mented using a single booklet containing 27 items. A more
coherent sample was targeted in terms of prior knowledge
and age, which included 116 high school graduates (57
female, 57 male, and 2 no response) and 64 first-semester
university students (15 female, 47 male, and 2 no response)
from Austria and Germany. Again, participants had not
received prior instruction on critical thinking or climate
change. The allocated test time was approximately 35 min.
A final Rasch analysis was conducted, resulting in the
removal of three items and 17 misfitting students, leaving
163 students for the last analysis. The final version of the
CTCC test consists of 24 multiple-choice items with one
correct answer each.

Table II provides an overview of the evolution of the test
development process, including details on the number of
items administered, testing durations, participant demo-
graphics, and the number of items excluded or added
following Rasch analysis. The English translation of the
test instrument (which has not been validated) as well as the
removed items—including a table listing their Infit and
Outfit MNSQ values, correlations, and reasons for removal
—are provided in Supplemental Material [91].

Additionally, to support the validation process, the
authors and external professionals were asked to classify
the items of the final test version into the predefined
concept areas and CT categories. Two external profession-
als assigned the items into the five conceptual areas (the
Earth’s atmosphere, climate as a system, the carbon cycle,
weather vs climate, and the greenhouse effect). Two other
professionals categorized the items according to the CT
skills (verbal reasoning, argument analysis, hypothesis
testing, likelihood and uncertainty analysis, and problem
solving and decision making). Criteria for each category
were established based on the literature presented in Sec. II
to ensure consistency and validity in the expert ratings.
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TABLE II. Overview of the test development process.
Items excluded New items added
Test Number of Type of after Rasch after Rasch
version Number of items Time of testing participants participants analysis analysis
CTCC 1 41 in total; two booklets  From June to 191 university students 14 5
with 26 items each, December from Austria, Belgium,
with 11 anchor items 2023 and Germany; 98 high
school students from
Austria
CTCC 2 32 in total; two booklets  From February 244 high school students 5 0
with 22 items each, to July 2024 and 96 university
with 12 anchor items students from
Germany and Austria
CTCC 3 27 items in one From November 116 high school 3 0

booklet 2024 to March

2025

graduates and 64 first-
semester university
students from Austria
and Germany

V. RESULTS AND DISCUSSION

A. Interviews

For the analysis of the interviews, specific categories
were defined with the aim of making the students’ ideas and
thinking patterns visible. It became clear that both uni-
versity and high school students have difficulties with CT
in the context of climate change, especially when it comes
to evaluating or formulating a conclusion based on the
given text. Henle [92] already discusses this difficulty when
respondents add their own opinions and beliefs about the
task instead of deciding if the conclusion follows logically
from given statements. Participants tend to fail at accepting
the logical task and want to introduce their own personal
logic. Given statements were changed in such a way that
they could draw their own conclusion and integrate their
individual prior knowledge, regardless of whether it is
correct or incorrect. Consequently, distractors that emerged
from the interviews are answers that contain phrases such
as “because I know that,” “because I am convinced that,” or
“because I believe that.”

Another finding from the interviews is that students face
difficulties with hypothesis testing, especially when it
involves controlling variables, which has been documented
in the literature [93]. This issue became evident when
looking at the experiment on sea level rise, where different
jars with different ice cubes are provided. Both university
and high school students preferred to use different amounts
of water with different volumes of ice cubes “because you
have to make all kinds of comparisons.” However, the fact
that comparability is only established through controlling
variables was not noticed.

In addition, common student difficulties with climate
change already discussed in Sec. II were found in the
interviews. For example, most of the interviewed students

were not aware that water vapor is a greenhouse gas as well
[16,55-61]. Students also had difficulties describing the
greenhouse effect and considered the IR-radiation from the
Sun as the cause of global warming [16,56-59,61,63].
Furthermore, those students also expressed the idea of
reflection of the incoming IR-radiation on the Earth’s
surface that can no longer pass through to space because
of the blocking greenhouse gases. That is why water vapor
is also used as a greenhouse gas in test items instead of the
more familiar CO, or why the idea of the reflection of the
IR-radiation is tested as a hypothesis in one item, to provide
realistic distractors.

As the main aim of the interviews for the test was merely
to collect realistic distractors, the analysis of the interviews
will not be discussed further at this point. An in-depth
analysis of the interviews and a detailed description of the
developed category system is currently in preparation and
will be published in a subsequent paper.

B. Test analysis

In this section, we present the results of Rasch analysis of
the final version of the German CTCC test administered
to 180 students. The principles of Rasch analysis are
described in more detail in Sec. III. After Rasch analysis,
17 misfitting persons were removed from the sample as
described in Sec. IV. For clarity, the results are expressed in
logits, with each correct answer scored as 1 and each
incorrect answer as 0. Main test statistics are presented in
Table III, while the whole item statistics of the German
version of the CTCC test and the English translation of the
test instrument are accessible in Supplemental Material
[91]. The test functioning was good, with an item reliability
of 0.96, a person reliability of 0.80, and a Cronbach’s « at
0.82 [77].
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TABLE III.  Overview of the key metrics of Rasch modeling for
the final CTCC test version with 24 items.

Metric Value

Item reliability 0.96

Person reliability 0.80

Cronbach’s a 0.82

Outfit MNSQ 0.75-1.18

Infit MNSQ 0.81-1.16

The distribution of item difficulties and person abilities is
shown in the Wright map (item-person map) in Fig. 1. The
Wright map shows the visual distribution of items and the
distribution of students’ abilities on the same scale. The
vertical line in the middle represents the underlying
variable in the test, which is students’ critical thinking
skills in the context of climate change. The item-person
map shows good targeting of the test on the sample. The
width of the test is appropriate, covering almost all
respondents with a good distribution of items according
to difficulty. There are five respondents with lower ability
than the difficulty of the easiest item, and seven respon-
dents with high ability with no items matching their ability.
However, only two of those students have no items in £1
logit range of their ability estimate. Since the test is already
quite long and has good targeting on the sample, it was
decided not to add more difficult items to the test.

The fit of the items to the model is very good, with Outfit
values ranging from 0.75 to 1.18, and Infit values ranging
from 0.81 to 1.16. Infit values are also shown in the bubble
chart in Fig. 2. The bubble chart visually represents the fit
of the items, where the items that are closer to the central
line in the figure are closer to the expected fit value of 1.
The uncertainty of the items is represented with the size of
the bubbles. All point-measure correlations were also
inspected and are in acceptable range with values 0.34
or higher.

The empirical one-dimensionality of the construct was
inspected through the analysis of point-measure correla-
tions and item fit, where all values indicate that the test can
be considered as unidimensional. In addition, the principal
component analysis of residuals (PCA-R) was conducted in
order to investigate whether there are secondary dimensions
in the data. For data not having any secondary dimensions,
the random size of the largest eigenvalue is almost always
< 2.0 [90,94]. In our case, it was 2.1. For this reason,
disattenuated correlations were also calculated, in a way
that for each contrast, each person was measured on each
cluster of items. These measures were then correlated for
each pair of clusters. All correlations were above 0.82,
indicating that there is no second dimension in the test [90].

Based on the presented analysis, the first research
questions can be answered. The results of Rasch analysis
suggest that the critical thinking in the context of climate
change can be measured with the chosen item set in the
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FIG. 1. Wright map of the final CTCC test version with 24
items, to show the distribution of person abilities (on the left) and
item difficulties (on the right).

German version of the CTCC test, as it has succeeded in
creating a sufficiently coherent and unidimensional con-
struct, supported by evidence of high reliability, good
model fit, and correlations.
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FIG. 2. Bubble chart of the CTCC item difficulties vs Infit MNSQ values in logits. Each item is represented by a circle whose size is
proportional to its calibration uncertainty (standard error). The vertical axis shows the item difficulty scale in logits. The horizontal axis
shows the Infit mean square (MNSQ) values; the central line represents the Infit model value of 1.

The test instrument was administered only in German in
the second and third test runs, allowing only the function-
ality of the German version of the CTCC test to be
examined.

C. Difficulties of different critical thinking skills and
climate change concept areas

As Halpern has explained, the five critical thinking skills
should not be seen as independent dimensions [31].
Especially in everyday situations, different or all skill sets
are required at the same time depending on the task.
However, in the following analysis, we examine whether
the five different CT skills differ in difficulty, as expected
from the theoretical construct. To do this, the CTCC items
were assigned to the five skill categories. Additionally, the
items were grouped according to the five different concept
areas of climate change.

To evaluate the alignment of the items to different CT
skills and concept areas, two external professionals
assigned the 24 items from the last version of the test to
the defined CT skills, while two other external profession-
als assigned them to defined concept areas of climate
change. The results show that, on average, 77% of the 24
items were correctly assigned to the concept areas of
climate change, while 71% were correctly assigned to
the CT skills. Specifically, 15 items had 100% alignment
with the concept areas of climate change, and 13 items had
100% alignment with the CT skills for both professionals.
Two items were reclassified to different topic areas or CT
skills based on the experts’ consensus on alternative
categorization. After the review and adjustments, the
experts reached full agreement of 78% for the concept

areas of climate change and 77% for the CT skills. The
discrepancies were discussed in the research group and
additional ratings for those items were performed by
experts within the research group. As stated above, multiple
skills are often required simultaneously, presenting a
challenge to assign the items to a dedicated CT skill or
to consider specific skills in isolation. Therefore, we
propose not to speak of testing the CT skills directly,
but to identify item groups, each group predominantly
testing one skill. The same is true for the topics of climate
change, which are often interrelated to each other.

To inspect the relative difficulties of different CT skills,
the average difficulties for each of five item groups each
predominantly testing one of the CT skills were calculated
and are presented in Fig. 3. It is important to note that the
distribution of difficulties relates to the current level of
skills and knowledge of the last sample. The results
illustrate differences in the relative difficulty of the item
groups. As Winsteps sets the average item difficulty to zero,
the skills with negative values are easier than the test
average, while the groups with positive values are harder
than the test average. The level of dispersion of item
difficulties from the average difficulty is represented with
error bars. The graph shows the tendency that different item
groups corresponding to the respective skill have different
difficulties, although a clear separation of difficulties is not
possible through high standard errors.

As shown in Fig. 3, the item group clustered as
predominantly testing problem solving and decision mak-
ing skills seems the easiest for participants, which is quite
surprising at first. Normally, problem solving and decision
making are expected to be the most difficult skill because
the integration of all CT skills is necessary to effectively
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address complex problems, generate solutions, and use
creative thinking. In multiple-choice format, most of these
steps were taken away from the students, as they were
offered different solutions they needed to choose from. In
this form, the items likely assessed the evaluation of given
solutions rather than the generation and processing of
problem solving. This is a limitation of the multiple-choice
test when measuring that skill. Since students did not need
to define the problem and generate their own solutions but
only choose from a range of alternatives given, their
thought process is simplified, which makes this ability
appear easier than it actually is. For that reason, the CTCC
test addresses the evaluation of solutions as a subskill of
problem solving.

The second easiest item group appears to be verbal
reasoning. Here students only have to carefully read the
information given and pay attention to misleading lan-
guage. In contrast, the group of items that predominantly
tests argument analysis seems to be the most difficult for
the students, which depends on the fact that the students
have to analyze the given arguments and evaluate the
conclusions drawn. This involves content knowledge and is
exactly the skill that is necessary when analyzing social
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Average difficulties of five item groups testing five CT skills from easiest to most difficult.

media posts and statements in newspapers. Furthermore, it
is understandable that items testing mainly likelihood and
uncertainty analysis skills are difficult because these skills
involve statistical understanding, which high school stu-
dents struggle with and which needs to be fostered [95,96].
The group of items that refer mainly to the hypothesis
testing skill ranks in the middle, which could indicate that
students are used to dealing with experiments, especially in
science courses. Nevertheless, the difficulties of variable
control known from literature are apparent here [93].

In addition, the average difficulty of the five item groups
each dedicated to one climate change concept area was
calculated and is presented in Fig. 4. Again, the standard
deviation of the average difficulties is shown by the
error bars.

Figure 4 suggests that carbon cycle and weather vs climate
are the easiest areas. That weather vs climate appears to be
one of the easiest for the students may stem from the exposure
students have to it in everyday life. Weather is a constant part
of our day-to-day experience indicating some familiarity.
Still, students confuse the terms “weather” and “climate” or
use the terms synonymously. The greenhouse effect and facts
about the atmosphere are the most difficult areas for the
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FIG. 4. Average difficulties of five item groups testing five climate change concept areas from easiest to most difficult.
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participants. Especially in this area, typical students’ diffi-
culties are observed as outlined in Sec. II, such as the
difficulty to distinguish between the natural and anthropo-
genic greenhouse effect. Climate as a system lies in the
middle but is still perceived as slightly easier on average. A
similar distribution of average difficulties can be seen using
the CCCI-422 test instrument [52], with weather vs climate
as the easiest and greenhouse effect and facts about the
atmosphere as the most difficult area. As a possible explan-
ation, limited integration of the five concept areas and their
implementation in educational settings is mentioned. It is
likely that improved instruction of the areas might result in a
realignment of the average difficulties.

In addition, an analysis of students’ answers reveals
specific difficulties. The findings coincide with the results
from the interviews. For example, students find it difficult
when asked to evaluate statements or conclusions based
solely on the information provided in the text, instead they
use their own knowledge of beliefs for making conclusions
(e.g., foritem 4 and item 13). These items asked students to
evaluate the conclusion based only on the text or to draw a
conclusion from the text and these words were both bold
and underlined. This is particularly evident when choosing
distractors that include “because I know” in the reasoning
(e.g., item 9, item 21). For item 9, 22% of the students of
the sample chose the distractor “because I know,” which is
the second most frequently chosen answer after the correct
answer (selected by 37%). For item 21, 15% of students
chose the answer with the reasoning “because I know,”
while 67% chose the correct answer.

Additionally, students face problems with text compre-
hension or with understanding a written hypothesis and
selecting an experiment to test it (item 6 and item 9). As
known from literature [93], difficulties with variable con-
trol or when data must be compared to draw generalizations
occur. Students are not familiar with the difference between
correlation and causality (item 18) and have difficulties
when reading given graphs, which is also reported in the
literature [97].

When looking at content knowledge, participants strug-
gle to differentiate between CO, emissions and CO,
concentration in the atmosphere (item 7), they are unaware
of what the percentages indicate in weather forecasts (item
15) or do not identify water vapor as a greenhouse gas (item
10 and item 11). Regarding item 10, 41% of the participants
chose the correct answer, while 32% selected the distractor
claiming that water vapor is not a greenhouse gas.
Similarly, for item 11, 23% answered that water vapor is
not a greenhouse gas compared to 53% choosing the correct
answer.

Students’ difficulties were particularly reflected in item 6
when the students from the sample chose the distractor that
refers to the reflection of incoming infrared (IR) radiation
from the Sun by the greenhouse gases in the atmosphere.
Again, similarities to the findings from the CCCI-422 [53]

are evident, with 32% of the participants of this study
selecting the distractor that pertains to the concept of
reflection of solar radiation on the Earth’s surface back
to the atmosphere. It is the most chosen answer. Notably, no
specific reference is made to IR-radiation from the Sun,
only to solar radiation in general. The deliberate emphasis
on IR-radiation in our test instrument arises from repeated
statements throughout the interviews conducted with high
school and university students.

Regarding the second and third research questions, the
results suggest that students in the third survey struggle
most with item groups predominantly testing argument
analysis, followed by likelihood and uncertainty analysis.
Students’ difficulties with CT include not referring to
information in the text and using their own beliefs or
knowledge to make conclusions, struggling with testing a
hypothesis and control of variables as well as not differ-
entiating between correlation and cause.

VI. LIMITATIONS

Although we carefully followed all different steps for test
design, we should remark that the process and result have
some limitations.

Regarding the test sampling, all surveys used conven-
ience sampling, and in the first and second test runs,
students from various semesters and high school grades
were mixed. While it is important to have a large sample
with diverse cognitive levels when developing a test,
meaningful results in further research such as studying
student difficulties depend on a coherent sample. In the
third survey, the focus was on high school graduates and
first-semester university students taking the CTCC test
during class to include both motivated and less interested
students within a similar age group. The surveys indicate
that this target group is particularly appropriate for the test,
considering its length and text-heavy nature.

This brings us to another consideration: the requirement
for participants to engage with longer items. Unlike content
knowledge tests, which often use shorter formats to assess
facts, evaluating CT skills in climate change necessitates
more comprehensive explanations. As Ramadhani et al.
[98] suggest, there is likely a correlation between reading
comprehension and CT skills, which educators at both the
high school and university levels should consider when
administering the test.

Moreover, the choice of a closed test format has faced
criticism for assessing CT skills [99]. Particularly in
evaluating problem-solving skills, multiple-choice formats
can be limiting. In our case, we did not manage to evaluate
the problem-solving skill as described by Halpern [19,23],
but as stated in the discussion section, we have addressed
the skill of evaluation of solutions as a subskill of problem
solving. This directly challenged our decision to use a
multiple-choice format. However, that format was initially
selected for its practical advantages in administering tests to
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large samples, saving time on evaluation, and enhancing
result comparability [25].

VII. CONCLUSION

The CTCC test is a new multiple-choice diagnostic
instrument for assessing critical thinking skills in the
context of climate change of high school graduates and
first-semester university students. The test was constructed
and the German version of the test was evaluated using the
Rasch model. The results show good functionality and
structure with high item and person reliability and good
item fit and correlations. The German version of the CTCC
test can be used to measure domain-specific CT skills in
climate change. In addition, it can help educators assess
with which group of items, each testing predominantly one
of the CT skills, students have the most difficulties,
providing them with information about where students
may need further support or development. The results
suggest that students have difficulties with argument
analysis, which is a crucial skill when assessing social
media posts and media reports. This skill therefore should
be further targeted in high school and university courses, in
physics instruction as well as in other disciplines. The
English version of the CTCC test has not yet been
evaluated, and further validation with English-speaking
students is required.

In future research, the CTCC test can serve as a pre-post
assessment tool for evaluating the impact of instructional
interventions designed to enhance CT skills in the context

of climate change. By using the test before and after such
interventions, researchers can measure the growth in
students” CT skills, offering evidence on the effectiveness
of their teaching strategies.

Future research should explore its application across
diverse educational settings and populations, as well as
investigate a further reduction of items to decrease admin-
istration time and enhance its practicality for implementa-
tion in school. In addition, open-ended questions for
assessing problem solving should be developed and imple-
mented in order to test the full set of problem-solving skills.
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