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Abstract: This paper presents the development of an instrument for the assessment of system
competence in the field of Education for Sustainable Development (ESD). Based on an already
existing, more complex model of system competence for the school subject geography, we have
developed a test that refers to central themes and principles of ESD using exclusively closed answer
formats. Building on the results of cognitive laboratories and expert feedback from various fields, the
instrument was (further) developed in an iterative process of feedback and revision. We conducted
a quantitative pilot study with N = 366 8th and 9th grade students. The results indicate that the
development of our system competence test was successful—the overall test yielded a high reliability
and only very few items were not working as intended. Furthermore, the difficulties of the items
were appropriate for the ability levels of the students and the results of a confirmatory factor analysis
(CFA) suggest that the newly developed test measures system competence with one dimension.
As the test is compact, easy to interpret, and yet reliable, it is particularly suitable for monitoring
purposes in the field of ESD.

Keywords: Education for Sustainable Development; system competence; assessment; monitoring;
indicator; sustainable development goals (SDGs)

1. Introduction

Challenges in the context of sustainability are often characterized by a high degree
of factual complexity. This complexity results, among other things, from a multitude
of strongly interlinked elements, a dynamic characterized by time-delayed changes or
acceleration, non-transparency due to a lack of information, a multitude of sometimes
conflicting goals, and the scale levels from local to global [1]. Numerous empirical studies
show that dealing with complexity and the search for solutions [2–4] often do not do
justice to this complexity and that monocausal thinking prevails instead. This often leads
to solutions which later turn out to be the problems of tomorrow—which proves that
this statement from the famous 1972 report “The limits of growth” has lost none of its
relevance [5]. Instead of proceeding according to the trial and error principle, students
need to be instructed to make more cognitive decisions per action, which means running
through causes and their causes, or effects and effects of the effects in their mind [6]. In this
sense, a so-called system thinker takes superordinate principles of systems into account in
a cognitive analysis and mental representation of systems. This principle-led perspective
provides a deeper understanding of the internal and external interplay and complexity of
systems, which may prevent human interference in such systems having unpredictable
and unwanted adverse effects [7].
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Consequently, systems thinking is regarded as central to Education for Sustainable
Development (ESD). This central role is demonstrated, for example, in a large meta-study
on core competencies in the context of sustainability [8], in which these are summarized
as “the abilities to recognize and understand relationships; to analyse complex systems;
to think of how systems are embedded within different domains and different scales;
and to deal with uncertainty” [9] (p. 10). On the basis of an international Delphi study,
Rieckmann [10] also identifies systems thinking as crucial for ESD in order to understand
central problems of world society and to be able to act in terms of sustainable development.
Moreover, numerous central reference documents, such as those of the UN [9], identify
systems thinking as a key competence of sustainability.

For some time now, there have been efforts to establish the promotion of ESD at the
international level, e.g., with the UN Decade for ESD (2005–2014; [11]), the Global Action
Programme on Education for Sustainable Development (2015–2019; [12]) and eventually
the current Agenda 2030 [13], in the framework of which a separate sub-goal for ESD was
formulated (sub-goal 4.7). With these programs, the need for large-scale monitoring has
also increased in order to be able to capture the status of achievement of ESD-related goals.
Such international monitoring is associated with various requirements for indicators for
the achievement of the various (sub-) goals, for example, the use of the indicators should
be easy and time- and cost-efficient [14,15].

For system competence as one of the key competences in the field of ESD, this means
that indicators which meet those requirements are needed. However, existing instruments
are complex to evaluate; for example, they require experts to code open text answers.

In this article, we present the development process of a competence-based assessment
tool, which is suitable for providing data for national and international monitoring of SDG
4.7, but which can also be used to evaluate single measures for the promotion of system
competence in the field of ESD.

1.1. The Concept of Systems Thinking in Social Ecology

Systems thinking generally refers to the mental representation of a system extracted
from the real world, which can then be used to analyze the complexity of situations and,
thus, to achieve an understanding of spatial and temporal relations [16].

In order to develop a competency test that takes into account the complex interactions
between natural and social (sub-) systems, we have based our development on the concep-
tualization of systems thinking of social ecology [17]. In contrast to purely natural-science-
based approaches, which consider social influences as external disturbances (and social-
science-based approaches, which define natural influences as external disturbances; [18]),
the approach of social ecology allows an integrative human-environment-system ap-
proach and is, thus, equally applicable to “pure” natural and social systems as well as to
human-environment systems [19]. The following sub-dimensions of systems thinking can
be distinguished:

1. System structure: System structure refers to the knowledge of relevant system elements
as well as the interconnection of these elements.

2. System boundary: System boundary refers to the ability to perceive a system as a
specific sub-part of the world and to distinguish it from its surroundings.

3. System interaction: System interaction describes the understanding that several factors
can be cause and effect at the same time, for direct and indirect interactions as well as
for simple and multiple feedback loops. It also includes an awareness of the openness
of self-sustaining (autopoietic) systems.

4. System dynamics: System dynamics is characterized by an understanding of the
irreversibility of development processes and changes. The initial state in a complex
system can usually not be restored in a completely identical way. Furthermore, in
addition to linear developmental progressions, exponential and logistic developments
must also be considered [20–23].
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5. System emergence: System emergence refers to the understanding that the interac-
tion of system components at one level can give rise to new properties at the next
higher level.

6. System prognosis: System prognosis means the ability to derive prognoses while taking
into account possible consequences and (complex) effects of the system behavior. This
also includes the awareness of the limited predictability of system changes.

7. System regulation: System regulation refers to the ability to develop systematic mea-
sures in the sense of adaptive management, based on analyses of (complex) effects.
Regulation requires both a reduction in complexity and a continuous consideration of
system dynamics.

1.2. System Competence

Based on the conceptualization of systems thinking in social ecology described above,
system competence can be defined as the abilities and skills to recognize, describe, and
model a complex socio-ecological area of reality as a system, to describe and model the
system’s structure, dynamics and boundaries, and based on this, to make prognoses and
take measures for system use and regulation [24]. Based on this conceptualization of
systems thinking and on existing theoretically derived models of system competence in
the literature [3,20,23,25], a normative competence level model for geography education
was developed. This so-called GeoSysko competency model provides the basis for the
development of the instrument for monitoring system competence in ESD presented in
this paper [24].

The GeoSysko test models system competence in the area of geography two-dimensionally:
(1) System organization and behavior refers to the ability to recognize, describe, and model
a complex socio-ecological area of reality as a system. (2) System-adequate intention to act
means the ability to make predictions and take actions for system use and regulation
based on that modeling. To vary the difficulty of the test items measuring these two
sub-competencies, the following difficulty-generating characteristics were manipulated
during item development: (a) The number of elements and relations of a system that
have to be considered, (b) the degree of interconnectedness of elements that needs to be
captured, and (c) the degree to which system-specific properties (e.g., understanding of
emergence, limited predictability, etc.) have to be applied. For example, to solve an easy
item measuring the dimension “System organization and behavior”, only a low number of
elements and relations have to be identified and only isolated, monocausal relations have
to be recognized. Knowledge of system-specific properties is barely required.

Psychometric testing of the GeoSysko model confirmed the two dimensions. Compe-
tence levels were empirically confirmed by regression analyses predicting item difficulties
on the basis of the three difficulty-generating characteristics (for detailed information on
the competence model and the empirical validation, see [7]).

1.3. Challenges of Measuring System Competence

Starting from the GeoSysko model, we wanted to develop a new competence measure
that is not only suitable for ESD across different school subjects but also suitable for
large-scale monitoring purposes. In doing so, the following challenges arise.

1.3.1. Challenges of Measuring System Competence in General

A key challenge in measuring system competence is that it is highly correlated with
domain-specific knowledge [26]. If a participant has only limited knowledge about the
subject, it is difficult for him or her to model a complex system. Therefore, many studies
either choose upstream interventions to provide the information necessary to complete
the task to every participant (e.g., [27]) or to integrate that information into the test stem
(e.g., [7]). The latter also facilitates the international use of such tests in the sense of
international SDG monitoring, since less consideration must be given to the country-
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specific content of school curricula. With the latter method, however, it must be accepted
that the developed test also measures reading competence to a considerable extent.

Another issue in the context of validity focuses on ensuring that system competence is
adequately represented in the test formats as a construct. Numerous recent studies, there-
fore, base task development on competence models [7,28–30]. These competency models
largely converge in content [24], and are well grounded in systems theory. The formats of
the test items also show an influence [31] so that they are usually varied. Test formats that
are particularly relevant for measuring system competence are progression or stock/flow
diagrams (e.g., for measuring understanding of system behavior) and, most importantly,
concept maps (e.g., for measuring understanding of complex system organization).

1.3.2. Challenges in Measuring System Competence in ESD

System competence is considered to be domain-specific, whereas ESD is regarded as
a teaching principle and cross-curricular task for many subjects. Existing instruments in
the area of system competence typically focus on one or, at most, two subjects. Extensive
empirical research is available, particularly in the framework of the subjects biology,
geography, geosciences, physics, and chemistry.

In social sciences such as politics or economic education, which are also central to a
systemic understanding of sustainability issues, less empirical research is available. The
focus on the subject leads to two limitations that undermine the requirements associated
with ESD. The focus on individual school subjects implies that contents and topics of the
tests are usually taken from a specific subject curriculum. The selected media in the test
stem and items also reflect the subject (e.g., climate diagrams in geography).

On the other hand, these tests also represent a conceptual understanding of the subject
with a special emphasis on corresponding key concepts (e.g., energy in physics). The inter-
disciplinary task of ESD, however, is characterized by its own key concepts or principles
for dealing with the learning subjects [32]—different aspects of multi-perspectivity play
a central role for system competence in the field of ESD: Considering social, ecological,
economic, and political or cultural dimensions, systematically switching between local and
global approaches, and taking into account the temporal perspective of intergenerational
justice [33]. The awareness of conflicting goals resulting from this consideration of different
perspectives, the need to deal with non-knowledge due to the complexity involved, and the
anticipation of consequences (of consequences...) in the planning of regulatory measures
are further principles. At the same time, these principles are associated with challenges
that are specific to the development of measurement instruments for large-scale monitoring
purposes (see below).

1.3.3. Challenges of System Competence Monitoring in the Field of ESD

Large-scale international educational monitoring places very specific demands on the
indicators to be used. For example, they must be “manageable” [34], “easy”, “robust” [14],
or “timely” [15]. For an appropriate measurement instrument in this context, this means
that it should be as simple as possible, easy to analyze, and economical in its application.
However, some of the principles of ESD, such as dealing with high complexity and not-
knowing, make the implementation of the general requirements for indicators particularly
challenging. As mentioned above, the format of concept maps is particularly suitable to
capture system competence [35]. However, the use of usually (partially) open concept maps
proves to be difficult. These are usually analyzed by calculating a structure index (e.g., [7])
or by comparison with expert maps (e.g., [36]). Both procedures are very time consuming
and require coders who are experienced in terms of system competence. Therefore, they
are less suitable for large-scale assessment and educational monitoring. However, the
avoidance of these comparatively more elaborate evaluation techniques carries the risk
that central components of the construct, such as the handling of conflicting goals or
not-knowing, might no longer be adequately reflected.
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1.4. Aims for the Test Development

In this project, we aim to develop and psychometrically confirm a test for assessing
students’ system competence in the context of ESD. In doing so, we have also taken into
account the challenges mentioned above. In the development process, we have pursued
the following goals:

The test instrument should be applicable both in practice, for example to evaluate
the effectiveness of individual ESD measures, but also and in particular for international
monitoring in the field of ESD (for example to monitor the progress regarding the Agenda
2030 sub-goal 4.7). Consequently, the test instrument to be developed should be compact
and easy to use. Specifically, we aim to achieve this by measuring system competence with
only one dimension and by using only closed test formats. In addition, the application of
item response theory (IRT) scaling methods allows us to obtain test scores on a common
scale for students who complete different subsets of the total test. The corresponding
objective is to reliably measure system competence even with a reduced set of items. In
order to reliably measure the level of system competence of all individuals in the target
sample, we aim to ensure that the difficulty of the test items approximately covers the
range of competence levels of 15-year-olds.

As ESD represents an interdisciplinary task [37], the test instruments should be appli-
cable to the entire domain of ESD and not be limited to individual school subject-specific
approaches. The scope of the test content should be ensured by drawing on key reference
documents such as the sustainable development goals [9]. The central conceptual teaching
principles of ESD (e.g., the consideration of different perspectives such as local and global
or intergenerational) should also be taken into account.

1.5. Research Questions

In accordance with the objectives described above, we have developed a test for
measuring system competence in ESD based on the precursor model for geography. We
describe the development process in Section 2. In our pilot study, we administered the
instrument to a sample of 15-year-old students (grades 8 and 9). For a psychometric test of
the instrument, we investigated the following research questions.

(1) Does the test reliably measure system competence?
(2) Do the difficulties of the test items cover the range of the students’ competence levels

in grades 8 and 9?
(3) Is it possible to measure system competence with one dimension?

2. Test Development

Step 1: Selection of the Interdisciplinary Topics for the Test Stems

The first step was to select the topics for the test stems. Frameworks and conceptual
work in the field of ESD identify typical areas within the human-environment system. For
example, the orientation framework for the learning area of global development in the
context of ESD states that both the subject-specific and the interdisciplinary topics should
“reflect the multidimensionality of the idea of sustainable development”, take up “global-
ization and global development processes”, and “at the same time allow for a reference
to everyday life and a global view of the world” [33] (p. 96). Common to the various
frameworks in the literature is the requirement for those topics to address “as many aspects
of the ESD construct as possible and to gain insight into the interconnectedness” [38] (p. 26).
Finally, the SDGs established in the framework of Agenda 2030 for sustainable development
define seventeen fields of action and topics in the human-environment system. From the
comparison of the German “Cross-Curricular Framework in the Context of Education for
Sustainable Development” [33], the thematic priorities set in Agenda 21, and the analysis of
topics in (inter)national curricula across several subjects [39], the following six particularly
typical fields of ESD—which can also be found in the SDGs in a comparable form [9]—can
be distilled: (1) climate and climate change, (2) natural resources (especially water and soil),
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(3) urbanization or settlement development, (4) production, consumption, and (alternative)
energy(s), (5) poverty and justice, and (6) migration. ESD as a teaching principle, with the
issues mentioned here as examples, creates learning opportunities for teaching a number
of subjects [39]. A test stem with items was developed for each of these six fields. Within
those fields, our tasks refer to the following subject areas: climate change and coral reefs,
electronic waste, megacities, beef consumption and the rainforest, textile production, and
overtourism (test item examples are given in Appendix A).

Step 2: Identification of ESD-Specific Conceptual Principles in the Context of Systems Thinking

The above-mentioned principles of dealing with learning subjects in the field of ESD
such as considering multiple perspectives or dealing with uncertainty [32] were given
special consideration in the context of the present test development. These conceptual
principles as well as other basic principles of item development (explanation of the compe-
tency model, explanation of different task formats, . . . ) were presented in a manual for
task development.

Step 3: Task Development

On the basis of the topics and the manual for task development, six tasks with one
test stem and 10 to 12 test items each were developed. The test items targeted the three
different competence levels. The test items had different forms (text, impact diagrams, etc.),
while only closed item formats were included in order to ensure the desired compactness
of the test.

The conceptualization of the new tasks was based on an iterative task development
process [21], in which the authors of this paper were divided into two teams. Based on a
manual including the theoretical conceptualization of system competence, the principles of
ESD didactics and specific topics, the first team created task prototypes. Feedback from
the second team (as well as from external experts in the field of ESD/system competence)
was then used to further optimize the tasks. We repeated this process several times.
This comparatively complex procedure offers decisive advantages: Firstly, not only the
tasks are gradually improved, the feedback and adjustments are also used to refine the
theoretical conceptualization of the target competence. Secondly, experiences (e.g., with
the predecessor model GeoSysko; [24]) show that by this procedure a very large proportion
of the developed items can be retained for the final version of the test.

Step 4: Cognitive Laboratories

The developed tasks went through a cognitive laboratory procedure [40] in order
to identify problems in task construction or test procedure at an early stage. In a first
step (“cognitive walk-through”), the task developers went through the individual items
and specified how a potential respondent is likely to interpret the task and which mental
operations should be required to answer it. By naming the processes and steps necessary
for the solution of an item, indications of problematic items and possibilities to avoid
comprehension difficulties can be identified. This first “cognitive walk-through” also
served to better structure the interview guidelines for the subsequent second step, when
the items were tested with students. The results regarding text comprehension were
generally satisfactory. Some wordings were simplified and single words were replaced. In
the case of essential technical terms, individual solutions were developed.

In the second step (“cognitive laboratories”), the tasks were completed by five students
from the target population. The task of the interviewers leading the test sessions was to
encourage the students to think aloud during the task processing. Furthermore, the stu-
dents went through probing (students were asked to explain their answers), paraphrasing
(understanding of the item/text), and confidence rating (degree of confidence regarding
the answer) after they had completed the tasks [41]. This procedure provided information
on the text comprehension, the students’ solution strategies, and difficulties. Based on
the guidelines developed in the first step, the interviewers also addressed students with
regard to individual operations that might be problematic. In addition, the system compe-
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tence test requires students to meet a minimum standard in understanding concept maps.
Therefore, an introductory explanation of concept maps including an exercise preceded
the assessment instrument and was also tested in this phase. A central finding from this
phase was that sequences of terms in which individual connections are not consistent and
which areonly coherent in terms of the complete sequence, lead to difficulties in under-
standing. Accordingly, we decided that all individual connections between two concepts
within a larger sequence of connected concepts must always be comprehensible in terms
of language and content. For example, the chain of action “CO2 in the air → increases
→ air temperature → acidifies → ocean” was changed to “CO2 in the air → causes →
increase in air temperature→ leads to→ ocean acidification”. Again, after this step of the
cognitive laboratory procedure, technical terms and respective descriptions were adjusted
accordingly to the difficulties revealed by the paraphrasing and probing procedure.

Step 5: Feedback from Experts

In parallel to the cognitive laboratories, we asked teachers to assess our tasks with
regard to their appropriateness in terms of subject content, educational aims, and language
for the 8th and 9th grade. The review of the tasks by teachers provided, among other things,
important insights with regard to incorrect or incomplete student conceptions. Based on
this, we clarified the language in various cases. Teachers also provided information on
subject-specific practices, such as the omission of abbreviations (e.g., “CO2”) for chemical
formulas in texts.

Furthermore, an expert rating was conducted with external experts in the field of
system competence from German and Swiss universities, who assessed to what extent
system competence was adequately operationalized in the information text and the items
of the test booklets. In addition, they evaluated whether, from a theoretical point of view,
the selected item formats were suitable for testing system competence. After this expert
rating, we only optimized individual items marginally.

3. Methods

In the following, we will describe the sample, the test instrument, the data collection
procedure, and the analysis of the data.

3.1. Sample

The sample of the pilot study included 366 students from three schools of the type
“Gesamtschule” (comprehensive school) one school of the type “Realschule” (secondary-
level school), one school of the type “Hauptschule” (secondary-level school), and two
schools of the type “Gymnasium” (grammar school) in the German Federal States of
Bavaria, Hesse, and North Rhine-Westphalia.

The students were 8th and 9th graders. Altogether 45.66% (n = 168) were female and
54.34% (n = 198) male, while the average age was 14.25 (SD = 0.87) and 87.6% of them
indicated that they “always” or “mostly” spoke German at home.

3.2. Instruments

The instrument was structured as follows: Firstly, the students were asked about
demographic data such as age, gender (open-response), and language at home (whether
German was spoken “never”, “sometimes”, “mostly”, or “always” at home). Subsequently,
the tasks targeting system competence were presented. Each student was given one of six
different test booklets each containing three of the six tasks. A balanced design was used
to distribute the tasks to the booklets, ensuring that each task was presented at each of
the three positions within the booklets and that each combination of tasks was presented
at least once (three combinations appeared twice). After the system competence tasks,
students answered some additional questionnaire items that were tested in the pilot study
but are not part of the system competence assessment.
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3.3. Procedure

All students and their parents gave written informed consent to take part in the study.
The test was administered in the classrooms, following a standardized instruction on
how to complete the test booklets and an explanation of concept maps by external test
administrators who visited school during a 90-min period. After the introduction, the test
booklets were distributed randomly. The students worked on average about 60 to 70 min
on the test booklets.

3.4. Analyses

To obtain scores for scaling, we proceeded as follows: Initially, raw scores were
assigned for each item. Raw scores were based on the degree of agreement with the
perfectly correct pattern. In a simple multiple choice item, a student received the raw score
1 for the correct answer and the raw score 0 for the wrong answers. For more complex items,
a student received as many raw score points as sub-tasks within that item were solved
correctly. For example, for the items in which arrowheads must be drawn to complete
a concept map, a student received as many raw score points as he or she had correctly
completed the single arrows. The raw point values were then converted into test scores. For
the less complex item formats (all forms of simple multiple choice items, detecting mistakes
within concept map representations of systems, assigning elements of a system into the
right order), students received a test score of 1 for a completely correct response and 0 for
responses containing mistakes (i.e., with raw scores lower than the maximum). For more
complex formats in which relatively independent correct partial solutions are possible
(adding arrowheads or “+” and “−” to a concept map, several multiple choice elements
within one test item) students received a score of 2 for a completely correct response (i.e.,
the maximum number of raw score points). For responses with few mistakes (the exact
number depending on the achievable raw score), they received a partial credit score of 1.

The scaling of the test was performed in the framework of item response theory (IRT;
e.g., [42]) using the R package Test Analysis Modules (TAM) Version 3.5-19 [43,44]. The
one-dimensional Rasch model was specified for dichotomous items and the partial credit
model for polytomous items.

To assess the quality of the single items, we inspected item difficulties and infit
(weighted mean square) item fit statistics from the IRT calibration. Additionally, we
considered corrected item-score correlations (excluding the item of interest from the score)
and correlations of items and with an additional corrected score excluding all items from
the same task.

The IRT scaling procedure provides both estimates of students’ competencies and
item difficulties (or difficulties of item steps for partial credit items) on one common scale.
This allowed us to inspect the congruence of both distributions, that is, we could explore
whether the item difficulty range fits the range of students’ competence levels or whether
the items are either too difficult or too easy or whether the range of item difficulties
is too broad or too narrow for our target population. We complemented this graphic-
descriptive comparison of the two distributions by testing the arithmetic means (t-test) and
variances (F-test) for differences. The analysis also yielded estimates for the reliability of the
overall test.

Additionally, we inspected local item dependencies (Q3 statistics from the Partial
Credit Model) to get a first indication of whether our test captures system competence with
only one dimension. The Q3 statistics [45] provide information on correlations between
individual test items after controlling for the individual level of system competence. Corre-
lations above r = 0.2 [46] are an indication that the correlations between items are not only
due to the dimension targeted by the test. In other words, those residual correlations are
an indication of violations of unidimensionality and possibly indicate multidimensionality.

To obtain further indications of the dimensionality of our test, we also directly tested
the dimensionality confirmatorily. Due to the limited size of the sample, we conducted
a unidimensional confirmatory factor analysis (CFA) with aggregated scores for each of
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the six tasks instead of using individual item scores (item parceling; e.g., [47]). CFA was
conducted using the R package lavaan (version 0.6-7) [48].

4. Results

In the following, we present the results of our pilot study, i.e., the results on the
reliability, the alignment between students’ system competence levels and the difficulty of
the test items, as well as on the dimensionality of our competence test.

4.1. Item Discrimination and Reliability

Based on item-total correlations, at least seven of the 73 items were identified that do
not satisfactorily distinguish between students with high and low system competence; they
had correlations below 0.2. An additional eight items had values below 0.3. Correlations
corrected by excluding all items from the same task from the score were marginally lower
than the traditional corrected item-total correlations and provided very consistent informa-
tion. Based on the infit from IRT scaling, fewer items were flagged as misfitting. Only one
of 91 threshold parameters had an infit higher than 1.3, and an additional four had values
higher than 1.25. The five items associated with high infit values were all included in the
seven items with the lowest item-total correlations. Although at least the items with the
lowest item-total correlations have to be revised or dropped from the test when compiling a
version for further use, they were included in the analyses presented here. WLE reliability
for the test with all items and each student responding to half of the tasks was 0.89 and
EAP reliability was 0.90. Based on the Spearman-Brown prophecy formula, WLE reliability
can be expected to still reach a value of 0.84 if students would respond to two of the six
tasks, and of 0.73 if scores were based on a single task.

4.2. Matching of the Distributions of Person Abilities and Item Difficulties

Classical item difficulties (on a metric with Pi from 0 to 1) showed that items were
overall of average difficulty (P = 0.53), with only few very difficult (four with Pi < 0.20)
and few very easy items (four with Pi > 0.80). Item difficulty parameters δi on the joint IRT
scale for items and persons makes the fit of items with persons even clearer. The Wright
map in Figure 1 contrasts the distribution of individual abilities (left side of the figure) with
the difficulties of the items or the individual item thresholds for partial credit items (right
side of the figure; each item or item threshold for partial credit items is represented by
one asterisk while their positions indicate the respective difficulties). If the distribution of
difficulties were lower than the distribution of personal skills, the items would be too easy
for the sample, if it was higher, they would be too difficult. If the distribution of persons
was broader than the distribution of difficulties, this would mean a lack of items to reliably
assess persons with particularly high or low system competence.

A visual comparison of the two distributions already suggests that they correspond
both in regard to position and variance. This impression can also be corroborated by
means of inferential statistics: while the mean value of student competencies is fixed
at zero, the mean value of difficulties across all thresholds is δ = −0.076, which is not
significantly different from zero (t = −0.61; d f = 89; p = 0.55). A comparison of the
variances also shows that they do not differ significantly from one another (var(θ) = 1.23;
var(δ) = 1.42; F89,365 = 1.15; p = 0.371).
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Figure 1. Distribution of the students’ system competence θ and of the item difficulty parameters δ
(each item or item threshold for partial credit items is represented by one asterisk).

4.3. Dimensionality

Figure 2 shows the distribution of the resulting average residual correlations between
items. In total, 114 item pairs (4.3%) had Q3 values above the cutoff of 0.2 [46]. The mean
of the Q3 values was slightly negative (−0.03), which is to be expected when local indepen-
dence holds [45]. Overall, the Q3 values do not provide evidence that the correlations are
due to further dimensions in addition to the competence addressed by our test.
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The results of the one-dimensional confirmatory factor analysis with scores from the
six tasks (see Table 1) point in the same direction: the good fit suggests the plausibility
of the correlations between the test items being caused by only one dimension, namely,
system competence.
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Table 1. One-dimensional confirmatory factor analysis with scores from the six tasks: standardized
factor loadings.

Task λ SE

Electronic waste 0.84 0.032
Climate change and coral reefs 0.82 0.035

Megacities 0.85 0.033
Beef consumption and the rainforest 0.79 0.039

Textile production 0.80 0.036
Overtourism 0.87 0.032

Note: Model Fit—2 = 26.57, df = 9, p = 0.002, CFI = 0.966, TLI = 0.943, RMSEA = 0.073, SRMR = 0.055.

5. Discussion

The aim of the present study was to develop an instrument for the assessment of
system competence in the field of ESD which is not only reliable and valid, but also eco-
nomical and easy to use and interpret, so that it can also be used for large-scale monitoring
purposes in that field. To achieve this goal, we have developed a new test instrument
that is not based on the content and principles of individual school subjects unlike exist-
ing tests or models addressing systems competence (see, e.g., Schecker and colleagues
for physics [49], Mambrey and colleagues for biology [50], or Mehren and colleagues for
geography [7]). Instead, it focuses on central themes and principles of ESD and, therefore,
can be used independently of individual school subjects. Furthermore, the measurement
instrument presented in this article is based exclusively on closed item formats in order
to meet the requirement of a simple and economical implementation in the context of
ESD monitoring. Existing instruments in contrast require elaborate coding and evaluation
procedures [51,52].

Building on the results of cognitive laboratories and expert feedback from various
fields, the instrument was (further) developed in an iterative process of feedback and
revision. Subsequently, we conducted a quantitative pilot study to test the quality of the
individual items, the reliability of the test as a whole, the adequacy of item difficulties in
regard to the person abilities, and to collect first indications of the test’s dimensionality.

Thedevelopment of our system competence test was successful—the test yieldeda
high reliability, and only a small proportion of items showed a lack of fit with the (partial
credit) Rasch model and, related to this, a lack of capacity to distinguish high and low
competent persons. The result that a satisfactory reliability is still achieved with even only
one or two tasks per student is particularly pleasing with regard to the goal of using the
test for monitoring purposes in the field of ESD. Furthermore, there was a good match of
the distributions of item difficulties and the students’ competence levels. First analyses of
dimensionality using Q3 statistics and a CFA with the tasks as indicators suggest that the
test measures a one-dimensional construct, namely, system competence.

Despite these encouraging results, there are limitations to be considered and further
analysis is needed. The fact that our instrument can now be used easily and economically
(instead of, for example, using expert ratings of student responses) could come at a price:
the instrument must be critically reviewed to determine whether important elements of
the understanding of complex socio-ecological systems, such as the ambiguity of right and
wrong or the limited predictability, can be adequately captured using closed item formats.

For future analyses with data from a larger calibration sample, in-depth analyses
based on individual items and not only on scores per task are required to confirm the one-
dimensionality. In addition, the setting of competence levels is needed to allow a criterion-
oriented interpretation of test results. Furthermore, we will compare alternative scoring
possibilities and investigate how well the empirically found difficulties can be predicted by
difficulty-generating characteristics that were manipulated during item development.
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6. Conclusions

In this paper, we have presented the development and psychometric evaluation of
a system competence test for the field of ESD. The test is characterized by the following
properties: It is compact, easy to interpret, and yet reliable, and, thus, suitable to be included
into international educational monitoring reports. Particularly, it can serve as an outcome
indicator for SDG 4.7. However, it is also suitable for evaluating ESD measures. With these
characteristics, we hope to contribute to a more effective promotion and assessment of
system competence within the framework of ESD.
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Appendix A

 

Information: Fashion – Where do our clothes come from? 
Task: Read the following text carefully. Feel free to mark passages which seem important to you. 

The consumer behaviour of Germans has changed in recent years. More clothes are 
bought and at the same time they are worn for shorter periods of time. Many people 
want to buy cheap clothes. Shops constantly offer new and even cheaper fashion. 

How does new and affordable fashion get into shops so quickly? “Fast Fashion” is the 
answer. Fashion companies want to increase their profits and compete for customers: 
Every company wants customers to buy cheap clothes from them. That is why new 
clothes are available in the shops faster and faster. They also have to be as cheap as 
possible so that customers buy a lot of them. Fashion companies order at factories in 
poorer countries, for example Bangladesh, to produce as cheaply as possible. Clothes 
can be produced faster and cheaper than in [country of test] there. Many fashion 
companies put the factory managements under a lot of pressure: If clothes are 
delivered late, companies withdraw their orders. The orders then go to a competitor 
who is able to produce even faster and cheaper.  

There are consequences for the workers in the factories who might lose their jobs. 
Their working conditions are rough and dangerous. They work long hours and their 
wages are low. However, they depend on their jobs and therefore accept the 
conditions. The workers cannot strike and can rarely demonstrate against the 
conditions. They might otherwise lose their jobs or be threatened and attacked. 

Sometimes the media (newspapers, TV coverage) become aware of the problem. 
Then we in [country of test] also learn about the working conditions in Bangladesh’s 
factories. This puts pressure on the Bangladeshi government to create better working 
conditions. The government keeps passing laws to improve the working conditions. 
Nevertheless, these rules are barely implemented in factories. Many fashion 
companies are not interested at all in monitoring these rules. This would increase 
production costs for them. 

But there are also advantages for the country of Bangladesh when fashion companies 
produce their clothes there. Jobs are created and the country’s economic situation 
improves. Fashion companies are among the most important employers in 
Bangladesh. For many workers, who produce our clothes, this sometimes is the only 
way out of poverty.  

Examples of concept map based item formats: 

Item A 

What would be the consequences if the Bangladeshi government actually 
implemented and controlled workers' rights? 

The arrows in the following diagram should be read as "leads to". Label each of the 
circles next to the boxes with… 

• (+) (means: "increase/s" or "more")  
• or (-) (means: "reduce/s" or "less"),  

to explain the consequences! 

Item B 

The arrows in the following diagram are labelled to illustrate the relationship 
between the concepts in the boxes. However, there are no arrowheads to indicate 
the direction of the relationship. 

The clothing production is relocated to Bangladesh. 

What are the consequences for Bangladesh? 

 Please draw the arrowheads in the right direction! 

Example of a multiple choice item format 

Item C 

Please tick the appropriate label for the arrow below! 

Figure A1. Test item examples from the task “textile production”. Note: Each of the six tasks (i.e., climate change and coral
reefs, electronic waste, megacities, beef consumption and the rainforest, textile production, and overtourism) consists of an
information sheet (“test stem”—text, pictures, graphics) and 10–12 items. The information sheet basically contains all the
factual information that is necessary for processing. The test is at the moment only available in German. The translation
presented above was made for illustration purposes only.
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