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Part 14 / Strand 14 Evaluation And Assessment in Teaching
and Learning

Development, validation and use of standardised tests; instruments for measuring attitudes,
interests, beliefs, self-efficacy, science process skills and conceptual understandings; authentic
assessment, formative assessment, summative assessment, as well as approaches to assessment,
monitoring student learning and implications for teaching. Includes international comparison
studies such as TIMSS and PISA.

Sub-themes:

1) Development and Validation of Science Assessment Instruments

2) Formative Assessment Strategies in Science Education

3) Summative Assessment Practices in Science Classrooms

4) Implications of International Assessments (e.g., TIMSS, PISA) on Science Education
5) Assessing Student Attitudes and Beliefs in Science
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Introduction

Evaluation and assessment are integral in contemporary Science Education. Together, they
provide evidence that informs educational decision-making at multiple levels, from monitoring
student learning to improving classroom practice and educational programmes. Within this
broader landscape, assessment increasingly serves as a means of supporting learning, informing
teaching, and facilitating the development of complex scientific competencies. As Science
Education expands its focus towards modelling, systems thinking, sustainability, and other
higher-order capabilities, assessment practices must also evolve to capture these
multidimensional forms of learning. Increasing attention has been given to assessment
approaches that make students’ thinking visible, support learning throughout the educational
process, and provide evidence of students’ conceptual understanding and broader scientific
competencies. The two contributions included in this strand illustrate this shift particularly well.
Although they address different educational contexts and scientific domains, both investigate
assessment as an integral component of learning. They demonstrate how carefully designed
assessment tasks can reveal learners’ reasoning, inform instructional decisions, and support the
development of sophisticated scientific competencies.

Two themes connect the two contributions. The first theme is that assessing a complex
competence begins with decomposition. Gomiz-Aragén and colleagues make secondary students’
analogical reasoning assessable by resolving it into five operations, each rated on a four-level
scale. Botzaki and Stavrou analyse how pre-service primary teachers design formative assessment
by coding both the competency objectives the teachers target and the formative-assessment
elements they deploy. In each study, the category system is the instrument through which
competence is made visible.

The second theme has to do with the difficulty of reflection. In both studies the generative,
evidence-gathering steps are handled competently, while the reflective moves are handled less
surely. The students readily characterise the target and map similarities, but falter when asked to
weigh the analogy's limitations and utility. The pre-service teachers elicit and even interpret
evidence in varied ways, yet plan feedback, and opportunities for students to act on it, far less
often, leaving the formative cycle unclosed.

Read together, the two studies span both sides of assessment—the student being assessed and the
teacher learning to assess. We hope the ideas presented here prompt continued attention to how
assessment can guide learning in a time when science education is increasingly concerned with
sustainability and complex competencies.
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This study investigates the use of analogies in secondary-school immunology teaching,
comparing the immune system to a security system within a modelling framework. A total of 181
students participated in activities focused on five analogical operations. target characterisation,
mapping of similarities, use of analogical language, identification of limitations, and recognition
of utility. Regarding the first research question (RQ1), high levels of performance were observed
in target characterisation and the mapping of similarities, whereas students encountered
difficulties in using analogical language and identifying limitations. The perceived utility of the
analogies varied considerably. For the second research question (RQ2), correlation and
principal component analyses indicated that all five indicators contributed to a common
construct of analogical performance. Nevertheless, the identification of limitations and the
perceived utility showed weaker relationships with this construct. These findings suggest that
constructing and reflecting upon analogies fosters both understanding of the immunity model and
the development of skills in constructing and evaluating scientific models.

Keywords: Analogies in Science; Secondary Education; Teaching Processes
Introduction

Teaching immunology is essential for educating citizens capable of understanding information
related to this field and making informed decisions that enhance their quality of life (Mixter et
al., 2023). However, learning how the immune system functions presents significant challenges
due to the large number of concepts involved and the multiple scales that must be considered,
ranging from the molecular to the systemic and even the social level (Haidaris & Frelinger, 2019).
Consequently, it is necessary to implement teaching strategies that facilitate the comprehension
of these complex topics.

A particularly effective approach to addressing this challenge is through the use of analogies.
Analogies act as mediators between the observable world and scientific models (Marzabal et al.,
2024), allowing familiar phenomena to be related to complex scientific concepts. In this way,
they support the construction of mental models (Clement, 2000) and assist in the creation,
revision, and validation of scientific models (Gilbert & Justi, 2016). Within this context, analogies
constitute a valuable resource for modelling-based approaches, as they enhance the understanding
of school-level scientific models and promote engagement with the modelling process itself
(Oliva & Aragon-Méndez, 2009).

This work forms part of a broader study analysing how students construct models of immunity
using an analogy based on a security system. Specifically, the aim of the present study is to assess
students’ performance in analogical activities, thereby contributing to a better understanding of
the role of analogies in modelling and how they can facilitate the comprehension of complex
concepts in immunology.



1277
Theoretical Framework

In science education, the use of models as learning objects and modelling as a scientific practice
is well established. School-based models arise from the didactic transposition of scientific
models, being simplified, restructured, and adapted to suit students’ characteristics and the
educational context (Coll et al., 2005; Treagust et al., 2002). Modelling, understood as the
construction of models in the classroom, provides opportunities for students to engage in school-
based scientific practices and plays an important role in their scientific development.

Analogies constitute a particular type of model, as each involves an underlying abstract
representation that gives rise to the analogy model. This second-order model synthesises the
relational structure between the farget (what is to be explained) and the analogue (the known).
Analogies are fundamental tools for teaching complex concepts, as they facilitate the
understanding of unfamiliar ideas by relating them to familiar concepts that share similar structure
or function (Gilbert & Justi, 2016; Tise et al., 2023). Traditionally, analogies have been used in
science teaching as illustrative resources to explain isolated concepts. However, their more
effective use requires articulating multiple ideas and relationships, thereby fostering the
construction of structured and interconnected knowledge and avoiding fragmented or superficial
learning.

Analogical reasoning represents a system of relational thinking based on identifying structural
similarities and is considered one of the cognitive foundations of higher-order thinking (Eriksson
et al., 2024; Richland & Simms, 2015). Its development promotes knowledge transfer and the
construction of conceptual models (Coll et al., 2005; Gray & Holyoak, 2021). Through this
process, students generate abstract conceptions from similarities between phenomena, supporting
the understanding, application, and reconstruction of scientific models (Gilbert & Justi, 2016).
Furthermore, analogies facilitate the practice and acquisition of scientific language, assisting
students in articulating and explaining abstract concepts (Eriksson et al., 2024).

The approach based on identifying structural patterns across different domains is enhanced
through modelling practices, which enable the generation of explanations, predictions, and
inferences about the phenomena under study (Mozzer & Justi, 2018). In this process, students
must assess the correspondences between the analogy and the scientific model, evaluating its
validity and utility, and recognising when an analogy is appropriate and how to use it effectively
(Petchey et al., 2023). Analogical thinking thus stimulates the construction, use, and evaluation
of scientific models, while also fostering the acquisition of skills and epistemological
perspectives essential to science and modelling (Oliva & Aragon-Méndez, 2017). The
relationship between analogical thinking and modelling is bidirectional: constructing analogies
involves, to some extent, building models in a domain familiar to students, while engaging in
modelling processes enriches the use and meaning of analogies, promoting verbalisation,
argumentation, and metacognitive reflection (Aragon-Méndez et al., 2014; Mozzer et al., 2011).

Thus, analogical reasoning, enhanced by modelling practices, not only contributes to the
understanding of complex scientific concepts but also fosters advanced cognitive skills and
competencies associated with knowledge construction, critical thinking, and scientific creativity
(Zorlu & Zorlu, 2022).

For analogies to be effective in the classroom, careful planning is required, taking into account
students’ prior knowledge and potential risks of misunderstanding (Petchey et al., 2023).
Teaching models such as Teaching With Analogies (TWA) by Glynn (1991) provide a structured
framework to guide learning through analogies. The TWA model comprises six stages: (1)
presentation of the target concept; (2) introduction of the analogue and activation of students’
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creativity. (3) identification of relevant features in the analogue that show similarity with the

target. (4) mapping of similarities and analysis of the compared systems. (5) drawing conclusions,
generalising, and formulating hypotheses. (6) establishing the limits of the analogy and critically
evaluating its relevance. This approach ensures effective knowledge transfer and promotes active
student engagement, as students construct and refine their own analogies rather than receiving
information passively (Saleem & Akbar, 2024).

Research in science education has explored, for decades, the cognitive processes involved in
analogical reasoning, strategies for teaching with analogies, and factors affecting their
effectiveness (Marrero & Gonzalez, 2023). Analysing analogies created by students can reveal
their conceptual understanding and reasoning processes (Tise et al., 2023). Given the
multidimensionality of this process, student performance must be assessed using multiple
indicators.

Nevertheless, questions remain regarding how to assess students’ performance in analogy
construction. Therefore, the present study addresses the following research questions:

RQ1: How does students’ performance in constructing the immune system analogy vary across
different performance indicators?

RQ2: To what extent do these indicators converge and form part of a single construct?
Research Design

Didactic Context

The study involved 181 students aged 14—15 (3rd year of secondary education) from two public
schools in Spain. It was embedded in a teaching—learning sequence based on modelling. In this
sequence, a security system analogy was employed to facilitate the learning of the immunity and
vaccination model at the microscopic level, with a focus on the cellular processes of the immune
system.

In immunology teaching, the defence or warfare system analogy is commonly used to represent
the immune system (cf. Niebert et al., 2012). The security system is an appropriate analogue due
to functional similarities: both detect threats, respond to them, and store information to prevent
future attacks. To reinforce the analogy, a silent animation adapted from Bryce (2018) was used.
In this animation, pathogens were represented as criminals and immune cells as security agents.
Databases and emergency services were also included to strengthen functional correspondences.
The absence of audio allowed students to interpret the animation with teacher guidance,
promoting interaction, dialogue, and active model construction.

Two activities related to the analogy were analysed: its construction and metacognitive reflection
on the analogical model.

In the first activity, students constructed the analogy in two steps. First, they mapped the
similarities between the target (immune system) and the analogue (security system). Second, they
drew conclusions regarding the characteristics of the target. The analysis focused on the language
used, distinguishing analogies from metaphors. Analogies establish a systematic correspondence
between the two domains, whereas metaphors transfer meaning from the source to the target
(Gilbert & Justi, 2016).

The analogy was interpreted based on Gentner’s (1982) structural mapping theory. According to
this theory, students establish systematic correspondences between objects in the analogue
domain (criminals, agents, databases) and the target domain (pathogens, leukocytes,
immunological memory). These correspondences are based on the functional relationships
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connecting the two domains. This approach preserves coherent systems of relations and

prioritises higher-order structural connections, facilitating the construction of mental models of
the immune system and enabling understanding of complex processes beyond the superficial
attributes of the elements. Students worked individually with an incomplete analogy. They were
required to identify correspondences and relationships between the security system and the
immune system.

The second activity focused on fostering students’ metacognition regarding the analogical model.
Students reflected on the model’s usefulness for understanding immune system mechanisms and
its limitations. This promoted critical evaluation of the analogical model itself. Guiding questions
included: To what extent does the analogical model allow understanding of how the immune
system functions? What are the limitations of the model? To what extent can immune cells be
compared to human agents in a security system?

The aim was for students to understand that scientific models are approximate representations of
reality. Models have limitations, and a single phenomenon can be explained using different
models. Furthermore, participating in the reconstruction and evaluation of the analogical model
allows students to gain a deeper understanding of their own learning process. It also supports the
development of competencies related to modelling, analogical thinking, and metacognitive
reflection (Gray & Holyoak, 2021).

Overall, students were expected to engage in five analogical operations. Three of these
correspond to the TWA model: identifying relevant features of the target, mapping similarities,
and indicating the limitations of the analogy. Two additional operations were included: the use
of analogical language and metacognitive processes related to the analogy’s usefulness in
learning the immunity and vaccination model.

Analysis Method

With respect to the five analogical operations identified in the activities—characterisation of the
attributes of the target domain, mapping of similarities between the analogue and the target, use
of analogical language, identification of the analogy’s limitations, and recognition of the model’s
usefulness for learning—four performance categories were established. These categories allowed
the assessment of students’ levels of understanding and application (Table 1). The categorisation
system was agreed upon through inter-rater consensus to ensure consistency in the classification
of responses. Inter-rater reliability was verified using Cohen’s kappa coefficient, appropriate for
ordinal categorical variables, thereby ensuring consistent classification of students’ responses.

Table 1. Category system for performance in analogical activities.

Indicator Category 1 Category 2 Category 3 Category 4
N i D i imm .
Target (T). No correspondence ames fmmune escribes immune Fully characterizes
S . elements or elements or .
Characterization of the with model . . immune elements or
. . mechanisms but mechanisms but .
target domain attributes ~ elements. . L . . mechanisms.
without description.  without naming them.
Similarities (S). Mapping No similarities Inadequately Correct but incomplete Fully accurate
similarities established. established. mapping. mapping.

Metaphorical language Fully adequate

Langugge (A). Use of No comparative Simple comparative without full analogical comparative
analogical language structures used. structures. .
comparison. structures.

imitati . o . S Functional
lelt.atlon.s (L) No limitations Superficial or Structural limitations . ol
Identification of analogy . . e e . . limitations

S identified. unspecific limitations. identified. . .
limitations identified.
Utility (U). Recognition of No assessment of Both positive and

the utility of the analogy Positive assessment.

for learning the model

Negative assessment.

utility. negative assessment.
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To address RQI1, a descriptive analysis was conducted. The frequency distribution for each

category was calculated for each operation, with the aim of identifying patterns and trends in
students’ responses.

Subsequently, to address RQ2, the relationships between the different indicators were analysed.
Kendall’s tau-b coefficient, suitable for ordinal variables, was employed. Additionally, a
categorical principal component analysis was carried out, allowing exploration of whether the
different indicators converge into a single construct of analogical performance.

All analyses were performed using IBM SPSS Statistics v.29. This procedure ensured the validity
and reliability of the results and provided a robust framework for interpreting students’
performance in the analogical activities.

Results
Assessment Of Performance In The Construction Of The Analogy

In response to RQ1, which examined students’ performance in constructing the immune system
analogy, Figure 1 presents the frequency distribution of performance levels across the five
analogical activities.

Figure 1. Patterns in performance on analogical activities
80%
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The highest levels of performance were observed in the mapping of similarities and in the use of
analogical language, whereas identification of limitations emerged as the weakest area, with
many students failing to reflect on the boundaries of the analogical model.

By contrast, recognition of the model’s usefulness exhibited marked polarisation: 27.1 % of
students positively valued the effectiveness of the analogy for understanding the model, while the
majority, with few exceptions, did not perceive its applicability. This pattern indicates a limited
degree of reflection on the model’s usefulness.

Table 2 presents representative examples of students’ responses across the different categories
for the five indicators of the analogical operations. Reference responses correspond to the
expected answers for each indicator, while the subsequent columns display actual student
responses, selected to illustrate performance patterns and the difficulties observed.
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Table 2. Representative Examples of Student Responses

Indicator Categorised examples from student portfolios

Reference: Immunological memory allows a faster and more effective secondary response upon a new
infection by the same pathogen.

Category T1: Antibodies detect the microorganism and reject it

Category T2: Having fought that pathogen, they are prepared for another attack

Category T3: Lymphocytes remember the pathogen for when it returns and know how to eliminate it
quickly.

Category T4: Immunological memory allows lymphocytes to produce specific antibodies, so that if a
second encounter occurs, they neutralise it faster.

Reference: In both systems, there are elements (phagocytes and riot police) capable of stopping threats
(pathogens and criminals).

Category S1: The systems act like a threat.

Category S2: Both have transport.

Category S3: They try to eliminate the threat.

Category S4: In both cases, responses are general and rapid.

Reference: Just as different security agents protect populations from various criminals, white blood cells
are responsible for protecting the organism from infections.

Category Al: For identifying.

Category A2: Both defend the place.

Category A3: Both systems have elements that watch and inspect for threats.

Category A4: Both systems have mechanisms that help detect and eliminate threats.

Category L1: It explains very well how the immune system works.

Category L2: The immune system can be compared with other systems; although similar, each has its
own characteristics.

Category L3: The police model and the immune system are similar but differ in important aspects: a
Limitationssingle microorganism can cause an infection, whereas a single criminal does not represent a great threat;
microorganisms act independently, without a leader.

Category L4: The model is very useful but cannot literally represent reality: we will not see phagocytes
fighting with weapons. The comparison has limits between the biological and the social or ethical
domains.

Category Ul: Knowing the terms and having learned a bit more about the topic, I can understand the
model and why many things work as they do. Without prior knowledge, I would not have understood
anything, as the terms are not fully explained.

Category U2: The model does not explain the order in which different types of immune cells act.
Category U3: Models are essential to understand reality, but they must be updated with new discoveries,
as they do not reproduce it completely.

Category U4: The analogy facilitates understanding by relating the immune system to something familiar,
although its abstract and non-visible nature may hinder comprehension.

Note. The students’ original responses were in Spanish. The examples presented in this table have been translated
into English for clarity and consistency.

Target

Similarities

Language

Utility

Convergence Of Indicators

In response to RQ2, Table 3 presents the correlation matrix calculated using Kendall’s tau-b
coefficient. The Target and Similarities indicators exhibit the strongest relationship among all
pairs of variables. The Language indicator shows significant correlations with all other variables,
although these are of smaller magnitude compared with Target and Similarities. The Limitations
and Utility indicators display weaker correlations, yet they remain statistically significant. This
suggests that these dimensions are less directly related to performance in constructing the
analogy.

Table 3. Kendall's tau-b correlation matrix.

Target Similarities Language Limitations Utility
Target 1,000
Similarities 0,616%** 1,000
Language 0,434 %** 0,569*** 1,000
Limitations 0,336%** 0,339%** 0,139* 1,000
Utility 0,359%** 0,303%x** 0,183%x* 0,229%** 1,000

*p<.05; ¥ p<.01; *** p<.001
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Finally, a categorical principal component analysis for ordinal variables was performed (Table 4).

This analysis revealed a single-factor solution explaining 54.1 % of the variance. This indicates
that all five indicators contribute to a common construct, despite differing levels of difficulty and
assessment methods. The extracted factor is particularly associated with the characterisation of
the target domain and the mapping of similarities. In contrast, the identification of limitations and
the evaluation of utility are more weakly connected to the other indicators.

Table 4. Factor loadings from nonlinear principal component analysis.

Factor

1
Target 0,867
Similarities 0,886
Language 0,736
Limitations 0,583
Utility 0,538

Discussion, Conclusions, and Implications

Although the literature provides extensive exploration of the use of analogies as a teaching
resource in science education, few studies have assessed students’ performance in analogy-based
activities. This study seeks to contribute to this area. The results indicate that the analogical
operations involved in an activity comparing the immune system to a security system, designed
according to the TWA model, allow for a comprehensive evaluation of students’ performance in
completing these tasks.

Students achieved medium to high performance in characterising the attributes of the immune
system and in mapping similarities with a security system. However, their performance in using
analogical language was lower, possibly due to a general tendency towards laxity in written
expression (Archila, 2015).

Difficulties were also observed in analysing the limitations of the analogy, suggesting that this
task is more complex than identifying similarities. This complexity relates to the potential of
analogies to promote critical thinking, as learning occurs not only by establishing
correspondences but also by questioning them and recognising their boundaries (Heywood, 2002;
Haglund, 2013). Therefore, providing scaffolding to support the identification of analogy
limitations could further enhance students’ critical capacity. In this process, analogical reasoning
facilitates higher-order thinking, such as the evaluation of ideas and the generation of inferences
(Richland & Simms, 2015; Zorlu & Zorlu, 2022).

Although students often noted the analogy’s usefulness for learning about immunity, this
perception was not clearly reflected in the assessment instruments. When asked about the
analogy’s usefulness for understanding the immune system model, many students merely used
the analogy to demonstrate conceptual understanding, without explicitly indicating whether it had
been helpful. This ambiguity suggests a limitation in the formulation of the question.

For future implementations, rather than posing the open question, “To what extent does the
analogical model allow you to understand how the immune system works?”, it may be useful to
reword the question and provide prompts to guide reasoning, such as: “Does the analogy allow
you to explain what happens when a pathogen enters the body?” or “Can it be used to predict
what would happen if another type of substance were introduced?”

Statistical analysis suggests an underlying factor accounting for students’ performance in
reconstructing the immune system—security system analogy. This factor may reflect the impact
of the activities on developing analogical thinking, linking analogical use with modelling
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competencies. Both share cognitive operations —such as identifying structural correspondences,

drawing inferences, and evaluating representations— that support model construction and revision
(Aragon-Méndez & Oliva, 2020; Justi & Gilbert, 2002). This aligns with Lin and Chao (2024),
who define analogical modelling competence as the ability to use analogical reasoning to
construct models, integrating cognitive, metacognitive, and behavioural aspects. Classroom use
of analogies fosters this competence by offering opportunities to construct and evaluate models.

In line with this, the findings of the present study suggest that students’ performance in
reconstructing the immune system analogy may reflect not only progress in understanding the
immunity and vaccination model but also advancement in their competence to construct and
revise scientific models. This hypothesis will be explored further in future research.
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Addressing Climate Change (CC) challenges requires fostering climate-literate students by
developing CC competencies, which can be strengthened through integrated assessment in CC
teaching. However, a significant lack of guidance on assessing CC competencies highlights the
need for meaningful support to teachers in effectively implementing assessment strategies. The
present study examines how nineteen pre-service primary teachers design and develop activities
to assess CC competencies. Conducted in two phases, the study first introduced participants to
key CC concepts, aspects of climate literacy, and assessment principles. Subsequently, they
designed and developed CC teaching scenarios, with a particular emphasis on integrating
assessment dimension to foster climate literacy among students.

The findings shed light on the pre-service primary teachers' choices regarding the CC
competencies that they aim to foster through their scenarios and the structure of formative
assessment elements they employ for assessing these competencies. In more detail, they place
particular emphasis on assessing Systems Thinking. Additionally, although participants develop
their activities to elicit evidence of students’ progress, their feedback practices remain limited,
indicating a gap in their formative assessment design. Thus, these findings stress the importance
of enhancing assessment practices in teacher education to foster climate literacy.

Keywords: Formative Assessment, Pre-Service Teacher Education, Sustainability
Introduction

Climate Change (CC) is one of the most crucial environmental challenges, mainly caused by
anthropogenic activities that harm the environment, affecting multiple aspects of human life
(IPCC, 2023). Addressing CC issues requires the preparation of citizens, capable of mitigating
the impacts of CC and partially adapting to them. CC education needs to foster climate literacy
in students by developing CC competencies - a combination of knowledge, skills, and attitudes
(Bianchi et al., 2022). Various frameworks were developed to define the necessary competencies,
with a general focus on sustainability, as climate change is inherently part of the broader domain
of sustainability. Widely recognized frameworks include Wiek et al. (2011) and the European
GreenComp framework (Bianchi et al., 2022), identifying competencies such as systems
thinking, futures thinking, and action-taking. Nevertheless, to address key aspects of climate
literacy more effectively, recent efforts focus on defining CC competencies using broader
sustainability frameworks, such as that of Taurinen et al. (2024).

In this context, achieving the complex goal of developing CC competencies requires
contemporary teaching approaches emphasizing active learning (UNESCO, 2017). Such
approaches view teaching and assessment as interconnected processes that together enhance
student learning (Harris et al., 2019). Accordingly, focusing solely on the final outcome and
knowledge acquisition, as is common in traditional assessment methods (e.g., summative
assessment), is insufficient to capture the complexity of CC competencies (Annelin & Bostrom,
2022; Redman et al., 2021). Thus, the assessment of CC competencies requires methods that
focus on the whole learning process and provide feedback (Grangeat et al., 2021), such as
formative assessment (Annelin & Bostrom, 2022). The implementation of formative assessment
in classroom contexts is based on five key elements: a. setting and sharing with students clear
learning objectives and assessment criteria; b. eliciting information from students; c. interpreting
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the elicited information; d. providing constructive feedback; and e. creating opportunities for

students to apply feedback. These five elements form a cyclical process that supports ongoing
learning (e.g., Dini et al., 2020; Grob et al., 2019; Black & Wiliam, 2018; Haug & ddegaard,
2015).

Nevertheless, teachers face challenges when integrating assessment into their teaching, especially
when dealing with multidimensional learning goals, such as the development of competencies
(Grangeat et al., 2021). These challenges vary across the steps of the formative assessment cycle,
as each step involves different teacher decisions and practices. First of all, teachers tend to focus
mainly on assessing knowledge-related objectives rather than students’ skills or attitudes (Ropohl
& Ronnebeck, 2019; Cisterna & Gotwals, 2018;). In addition, although the literature highlights
the importance of co-designing learning goals with students, teachers often avoid setting learning
goals collaboratively or explicitly sharing them with students (Cisterna & Gotwals, 2018).
Another challenge concerns the elicitation of evidence, in order to assess students’ performance
and progress in relation to the learning objectives. In particular, when the learning objectives refer
to competency development, assessing the conceptual knowledge is not sufficient. Instead,
teachers need evidence of students’ thinking and reasoning, as well as their skills and attitudes
(Grangeat et al., 2021). Thus, a wide variety of evidence is required in order to build a more
holistic picture of students’ progress (Grob et al., 2021; Cisterna & Gotwals, 2018). Besides the
elicitation of evidence, teachers - especially pre-service teachers - often face difficulties during
the interpretation of the collected evidence. Particularly, they tend to interpret the elicited
information more superficially (Ropohl & Roénnebeck, 2019), either because they do not
consistently connect it to learning objectives or because they do not examine in depth how
students understand, reason, and argue. This, in turn, limits their ability to identify students’ actual
learning needs (Ropohl & Ronnebeck, 2019; Ateh, 2015). Consequently, limited interpretation
of evidence can prevent teachers’ instructional decision-making, particularly about designing the
appropriate next steps and providing feedback that moves learning forward (Ropohl &
Ronnebeck, 2019). Regarding teachers’ actions after the interpretation of evidences, research
shows that their decisions often do not meaningfully support the teaching and learning process.
Many teachers face challenges in providing effective feedback. When feedback is given, it is
often general, limited in depth, and non-individualized (Ropohl & Ronnebeck, 2019). Teachers
also tend to focus mainly on whether students’ answers are correct, rather than responding to
students’ thinking in ways that support deeper learning (Ateh, 2015). As a result, formative
assessment cycles often remain incomplete and, consequently, may not effectively promote
students’ learning (Cisterna & Gotwals, 2018).

Overall, both pre- and in-service teachers need further support in order to use formative
assessment for the development of competencies. At the same time, research on assessing CC
competencies remains limited, particularly with respect to formative assessment in primary
education (e.g., Cebrian et al., 2025). There is also a lack of guidance for teachers on how to use
assessment tools effectively, which highlights the need for meaningful support (Redman et al.,
2021).

Based on the above, the study aims to explore how pre-service teachers design and develop
activities for assessing CC competencies. More specifically, emphasis is given to the phase of the
planning of the formative assessment, which is considered as a critical component of its
effectiveness (e.g., Grangeat et al., 2021). Accordingly, the main research question of the study
is, “How do pre-service teachers design assessment sequences to support the development of the
CC competencies?”, which is analyzed through two sub-questions:

o What CC competency objectives do pre-service teachers set to assess in their activities?
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e How do pre-service teachers structure the elements of formative assessment?

Methods

Empirical Study Description

This study involves nineteen pre-service primary teachers, who participated in a 13-week seminar
course of the Department of Primary Education at the University of Crete, developing teaching
scenarios about the development of CC competencies with the integration of assessment
dimension. The empirical study is divided into two phases, as presented in Table 1.

Table 1. Description of CC competencies categories.

Empirical Study Phases Meetings Content

I CC scientific concepts

2 3rd CC competencies

Phase A " o Assessment of CC competencies
4

.. , . o Formative assessment strategies
Participants’ Preparation

e Framework for the design of assessment tools and
5th_ gt activities

o Examples of assessment activities and tools

Setting Learning Objectives for Whole Teaching and
Individual Activities

Reflection & Personalized feedback (per group)

e Refinement of the Learning Objectives

th _ qgth
8 -9 e Activities & Tools Design: Determining the
indicators to monitor learner progress

Phase B Reflection & Personalized feedback (per group)

Design & Development of

Teaching Scenarios 10" Activities & Tools Design: Determining the activity

characteristics (e.g., task format)

Reflection & Personalized feedback (per group)

Development of activities and assessment tools (plus
Worksheets)

Reflection & Personalized feedback (per group)

12" Teaching scenario refinement

During Phase A (six meetings), participants were introduced to a. core concepts of CC (e.g.,
drivers, causes) and climate literacy, b. principles for assessing CC competencies, c. formative
assessment strategies, and d. specific examples of designing and utilizing assessment tools and
activities to foster CC competencies. Then, in Phase B, pre-service teachers developed teaching
scenarios, emphasizing the integration of the assessment tools and activities to foster CC
competencies. Six plenary meetings were thus dedicated to supporting participants during the
development process. Additionally, four individual meetings were held with each group between
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the main meetings to address challenges, provide personalized feedback, and support reflection

on their teaching scenario.
Data Collection

Data were collected through participants' developed teaching scenarios (n=7), including the
assessment activities and tools that they designed. Due to the nature of the research, qualitative
methods of content analysis were used (Bryman, 2016). Specifically, the category systems were
developed based on the relevant literature and were refined or adjusted in response to the
empirical data.

Data Analysis

Data analysis examines participants’ teaching scenarios along two main axes: a. CC competencies
objectives, and b. elements of formative assessment. Regarding the first sub-research question, a
categorization scheme for the CC competency objectives was developed based on literature (e.g.,
Taurinen et al., 2024; Bianchi et al., 2020; Wiek et al., 2011) and empirical data, as presented in
Table 2.

Table 2. Description of objectives for CC competencies.

Categories Criteria

o Complex systems’ features (e.g. feedback loops)
Systems Thinking e Various domains (e.g. society, economy)
o Effects of actions/choices

e Time scale
oReal data (past-present)
oTrends (future)

o Future scenarios development

Futures Thinking

o Fostering action-taking

Strategic Competency : . '
e Design of solutions/action plans

o Evaluation of the sustainability of current or future
states

o Sustainability values

e Decision-making (e.g., addressing dilemmas

Normative Competency

Interpersonal » Evaluation of diverse perspectives
e Communication, negotiation, and collaboration
Competency kills

Additionally, each activity’s objectives were examined to identify the specific dimensions of CC
competencies—knowledge, skills, and attitudes. Specifically, knowledge objectives focus on
understanding and elaborating principles, theories, and facts about scientific core concepts and
phenomena of CC. Skills objectives emphasize applying knowledge and expertise to accomplish
tasks, fostering cognitive and practical skill development. Attitude objectives involve forming
personal values, attitudes, and intentions that influence individuals' behavior.

Regarding the second research sub-question, the assessment activities and tools included in the
participants’ teaching scenarios were analyzed to identify how formative assessment elements
were structured and combined across the scenarios. For this purpose, a categorization scheme
(see Table 3) was applied, which was based on formative assessment elements described in the
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literature (e.g., Dini et al., 2020; Grob et al., 2019; Black & Wiliam, 2018) and refined through
the empirical data.

Table 3. Description of Formative Assessment Elements.

Categories Description

Using Assessment Criteria  Specific criteria are used to assess the students’ performance

Activities designed to capture aspects of competencies —

El. otn I f t' . .
iciting Intormation knowledge, skills, attitudes.

Interpreting the collected evidence to identify students’

Interpreting Information . . .
P g progress and needs in developing CC competencies.

Providing information/comments to support CC competencies

P R ) F k .
roviding Feedbac development and enhance learning outcomes.
Applying Feedback The in.structional design supports the direct use of feedback in
following tasks.
Findings

CC competencies objectives

To address the first research sub-question about the CC competency objectives that pre-service
teachers set to assess in their activities, Tables 4-5 summarize the findings.

According to the analysis of the participants’ teaching scenarios, Table 4 presents the absolute
frequency of the CC competencies objectives that addressed in the assessment activities
developed by the pre-service teachers. Most learning objectives focus on Systems Thinking
(n=30), while the other competencies were covered less frequently, especially Interpersonal
Competency. This indicates a priority given to assessment of Systems Thinking over the other
competencies.

Table 4. Learning objectives for CC competencies.

Categories Absolute Frequency
Systems Thinking 30
Futures Thinking 14
Strategic Competency 17
Normative Competency 17
Interpersonal Competency 10

Additionally, Table 5 presents the absolute frequency of the different dimensions of CC
competencies, demonstrating the tendency of participants to primarily assess the cognitive
dimension, while indicating an effort to include skills assessment (n=22). Assessing values seems
challenging for participants, resulting in a considerably lower frequency of values-related
objectives (n=12) compared to the other two dimensions.

To answer the second research sub-question on how pre-service primary teachers structure
formative assessment elements, Tables 6-7 and Figure 1 were created to summarize the findings.
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Table 5. Dimensions of CC Competency Objectives.

Categories Frequency
Knowledge 27
Skills 22
Attitudes 12

Formative Assessment Elements

Specifically, Table 6 presents how many times participants designed each of formative
assessment elements. Participants used only assessment criteria that they designed themselves
without considering engaging students in this process. These criteria were typically presented as
checklists or detailed rubrics. Regarding “eliciting information”, participants recognized its
importance and designed different types of elicitation tasks beyond whole-class discussion or
simple questioning, including tasks requiring the creation of artifacts (e.g., concept maps, leaflets,
posters) and demonstration of skills (e.g., diagram construction, action-plan design). In addition,
participants most of the times did not plan just to collect data, but also to make sense of it,
identifying points in their scenarios where interpretation would occur, based either on
predetermined criteria or on more intuitive judgement. They also specified if evidence would be
interpreted by the teacher or by students through self-assessment and peer-assessment. However,
although the element “interpreting information” was frequently mentioned, feedback based on
these interpretations was planned to be given much less often, indicating a difficulty for pre-
service primary teachers. They organised the provision of feedback through multimedia (e.g.,
video, images), rubrics and individual or plenary discussions. Finally, “applying feedback™ was
the least frequently designed element by participants, indicating that feedback rarely leads to
follow-up actions. In the few cases that participants integrated this element in their teaching
scenarios, they focused on creating opportunities for students to revise their answer, artifact or
their performance on the task.

Table 6. Elements of Formative Assessment.

Categories Frequency

Using Assessment

o 16
Criteria
Eliciting Information 51
Interpreting Information 47
Providing Feedback 27
Applying Feedback 6

Table 7 provides a more detailed view by breaking down participants’ choices of formative
assessment elements by CC competency. While the previous table summarized the elements used
in general, Table 7 shows the pattern of element selection within each competency. Reading
across the rows, the table indicates that complete formative assessment cycles were only
attempted for Systems Thinking and Futures Thinking. The findings also reveal that pre-service
teachers may consider Systems Thinking a demanding competency for both themselves and their
students and they tried to better support its development. Accordingly, most formative assessment
elements appear more frequently in Systems Thinking, particularly “Providing Feedback™.
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Table 7. Formative Assessment Elements across CC Competencies.

FA
lements Assli:lslll;lgent Eliciting Interpreting | Providing Applying

CcC L. Information | Information | Feedback Feedback
Competenci Criteria
Systems 8 18 17 14 4
Thinking
Futures 2
Thinking 2 7 7 3
Strategic
Competency 3 10 9 3 0
N ti

ormative 1 10 2 5 0
Competency
Interpersonal 5 6 6 ) 0
Competency

Furthermore, the analysis of teaching scenarios revealed that participants structured the formative
assessment elements that were examined earlier (see Table 6 & 7), forming integrated assessment
pathways within activities. These pathways were illustrated for each CC competency, with Figure
1 presenting a comprehensive pathway summarizing all CC competencies, where line thickness
reflects the frequency of each strategy and the dashed line indicates a return to a previous phase.
However, providing feedback is challenging for pre-service teachers, who do not often
incorporate it into their activities. When included, it is typically given at the end and does not
provide students with the opportunity to apply it constructively.

Figure 1. Comprehensive assessment pathway of all CC competencies.

16

Interpretation
with specific
criteria

.-\pplying\
o Feedback/

Elicit
Evidence

Providing
Feedback o
2

Interpretation
without specific
criteria

31

Discussion & Conclusions

The findings show how pre-service teachers planned formative assessment elements within
teaching scenarios developed to support the development of CC competencies. Overall, they
primarily targeted knowledge-related objectives, with a particular emphasis on Systems
Thinking. The findings also reveal challenges in relation to feedback practices.

More specifically, pre-service teachers designed activities aimed at fostering climate literacy,
with a particular emphasis on assessing the cognitive dimension of CC competencies (Redman et
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al., 2021), while also making efforts to address the skills dimension. This pattern may reflect

greater confidence in assessing knowledge-related objectives. The participants’ choices are
consistent with the literature, which shows that competencies related to values, attitudes, and
action appear to be addressed to a more limited extent (Monroe et al., 2019). Additionally, pre-
service teachers placed particular emphasis on Systems Thinking in their assessment activities,
recognizing it as a key CC competency and essential for CC teaching, in line with what is
highlighted in the literature (Lorenzo-Rial et al., 2025; Levrini et al., 2019).

Moreover, the findings provide insights into how formative assessment elements were structured
by pre-service teachers and how they were integrated into teaching scenarios. Participants placed
emphasis on observing the overall learning process and planned to use, apart from common
activities such as discussions and reports, a range of activities to elicit different types of
information (e.g., written, oral, observational) about students' progress in CC competencies. This
emphasis on “Eliciting Information” is in line with the literature, which highlights its importance
for effective formative assessment (e.g., Dini et al., 2020; Ateh, 2015). In addition, feedback is
either underutilized or avoided by pre-service teachers, highlighting a weakness in the integration
of this element to their teaching (Ropohl & Ronnebeck, 2019). The lack of planning for providing
and using feedback may have led to fewer planned formative assessment cycles and less support
for learning goals, such as competency development (Cisterna et al., 2018). Therefore, pre-service
teachers may benefit from support in feedback practices, as a core element of assessment to
promote the development of competencies (Grangeat et al., 2021), and more specifically to foster
climate literacy.

To conclude, this study highlights how pre-service teachers approach formative assessment for
CC competencies at the planning level. The findings indicate that pre-service teachers place
emphasis on addressing knowledge-oriented objectives and eliciting evidence of students’
learning more systematically, while they struggle to plan systematic feedback and opportunities
to act on it. Teacher education could equip pre-service teachers with the knowledge and skills
needed to use contemporary assessment approaches, such as formative assessment.
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