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Executive Summary 
 

 

 

The purpose of the deliverable D3.1, “Start-up Model for teacher training”, is drafting the educational 
model for teacher training. The model is mainly targeted to the local teacher trainers and is articulated 
in three main parts: a) Guidelines for designing and implementing teacher training activities; b) 
CLIMADEMY Template for Instruction activities and prototypes of activities; c) Assessment tools: 
further guidelines and examples. 

The draft model has been built through a collaborative process among the partners and the other WPs. 
In particular, new educational material (WP2) has been revised or developed according to the 
educational model from WP3 and transformed into prototypes of teaching activities for teacher 
education. These activities have been implemented in the CLIMADEMY network established in WP4 
and the various rounds of implementation will lead to revise and improve the WP3 model, whose 
delivery is foreseen for the end of the project (M36).  

In the Introduction, we describe the collaborative process we implemented to develop the draft model.   

The section Project Description presents the entire project. It summarizes each WP‘s key ideas and the 
interrelationship between the different WPs.  

In section 3, Guidelines for designing and implementing teacher training activities, we illustrate the 
model and its articulation in terms of: Guidelines to reconstruct scientific contents for educational 
purposes and teacher training, CLIMADEMY competence framework, Module’s structure and 
orientation for learning outcomes, Pedagogical principles and methods, and Assessment guidelines. 

In section 4, CLIMADEMY Template for Instruction activities and prototypes of activities, we report the 
schematic structure of a possible CLIAMADEMY activity for teacher training that implements the 
pedagogical model drafted so far and two examples of activity description are illustrated in detail. 

In the conclusions, the plan for application and further development of the model is reported. 

Annex A,  Assessment tools: further guidelines and examples, contains further recommendations that 
can be useful to share in the training activities. 
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1 Introduction 
 

 

The scope of this deliverable is drafting the educational model for teacher training in CLIMADEMY.  

The draft model is mainly targeted to the local teacher trainers.  

It aims both to contribute to providing a «pedagogical identity» to the activities carried out within 
CLIMADEMY and to convey the teacher trainers the message that the activities with the teachers do 
not have only to teach new scientific contents but also new pedagogical knowledge and methods.  

This deliverable is the result of the first 18 months of work in WP3 and, according to WP3 goals, it offers 
guidelines for designing and implementing teacher training activities. The guidelines (section 3) include: 

- recommendations to analyse or reconstruct scientific contents for educational purposes; 

- a competence framework as reference to point out the general and specific goals to pursue 
through the activities;  

- a model to structure a teaching module for teacher education and organize the learning 
outcomes;  

- pedagogical principles to be discussed in contexts of teacher education so that secondary 
school teachers can implement them in their classes; 

- assessment references. 

The guidelines are built on results of Science education research. In order to make the research 
references more user-friendly, we have pointed out key-messages and elaborated examples of how the 
key-messages can be conveyed and discussed with trainee teachers. 

Furthermore, the draft model is illustrated through the design of a template to analyse, discuss or 
present teaching activities. The template is then used as a tool to describe prototypes of activities that 
exemplify the pedagogical model (section 4).  

Since assessment is always an issue for the teacher, we added an Annex (Annex A) where further 
assessment guidelines and examples are described in more details. 

The deliverable is the result of a collaborative process that we carried out in a series of workshops, 
during which we shared research frameworks, examples of teacher training activities and examples of 
analysis of such activities.  

The structure of the deliverable has been designed by UNIBO (Olivia Levrini, Clemente Rossi), but the 
writing of the specific sections has been carried out by:  Dimitris Stavrou, Emily Michailidi (sections 3.1 
and the second part of 3.4); Janina Taurinen, Katja Lauri, Laura Riuttanen (section 3.2); Eleonora Barelli, 
Clemente Rossi (section 3.3); Clemente Rossi, Olivia Levrini (Section 3.4, first part); Clemente Rossi, 
Emma D’Orto and Giulia Tasquier (Section 4); Jari Lavonen (Section 3.5 and Annex A). 

Athina Ginoudi, Giannis Metaxas, Thalia Tsaknia, Giorgia Bellentani, Chiara Ciliberto, Francesco 
Martinelli, Stefania Zampetti actively participated in the workshops, by offering examples of activities 
of by providing important feedback and revisions to the document. 

Maria Kanakidou, Nikos Kalivitis and Marius Dan participated in the workshops to guarantee 
consistency and fruitful links among the Work Packages.  
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2. Project Description 
 

This deliverable on the “Start-up Model for teacher training” reports the work done in WP3 of 
CLIMADEMY project.  

Τhe Climademy project is divided into 6 work packages, listed below. 

• WP1: Project management, coordination and governance 

• WP2: Educational materials on climate change 

• WP3: Development of educational model for teacher training 

• WP4: Establishment of a common virtual CLAUDI  and National Hubs 

• WP5: Implementation of the Training Activities 

• WP6: Impact assessment, dissemination and sustainability 

In WP1 the project coordination and management bodies are established, in order to ensure the 
general project coordination and monitoring of progress. In WP2 educational material are collected 
and further developed to understand the main drivers of climate change. WP3 focuses on the 
development of an educational model suitable for teacher training. WP4 is concerned with the 
establishment of the four national hubs and the development of the virtual CLAUDI platform. The 
aim of WP5 is to organize the large-scale implementation of the Training Activities leading to an 
enhanced notion on Climate Change Education of participating teachers and eventually to their 
professional development. Finally, WP6 is concerned with the dissemination and sustainability of the 
project deliverables. 
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3. Guidelines for designing and implementing teacher 
training activities

 

 

In this section we illustrate the pedagogical model of CLIMADEMY and its articulation in 
recommendations to analyse or reconstruct scientific contents for educational purposes (Section 3.1), 
CLIMADEMY competence framework (Section 3.2) is a model that presents a suggestion on how to 
structure a teaching module for teacher education and how to organize the learning outcomes (Section 
3.3), pedagogical principles (Section 3.4), and assessment tools (Section 3.5). 

 
3.1 Guidelines to reconstruct scientific contents for educational purposes and to 

structure a module for teacher training 

The first stage for designing a teaching activity is, typically, the analysis of the scientific contents of 
the activity. 

CLIMADEMY adopts the Model of Educational Reconstruction (MER) (Fig. 1) as the principal reference 
to design new materials or to select, value, and/or elaborate on already existing materials to be used 
in the teacher Academy. In some teacher workshops, Educational Reconstruction for Teacher 
Education (ERTE) model and a modified Content Representation (CoRe) tool have been used in the 
design of educational materials and pedagogical approaches, because they take into account climate 
values and competencies in addition to knowledge. Moreover, the modified CoRe-tool considers the 
use of digital tools (education technology) in teaching and learning climate related issues. 

The combination of the three models is used, in CLIMADEMY, to convey the following messages to 
both the teacher trainers and the trainees: 

(Key message 1) When planning instruction, an equal attention should be given to the science 
content (values, knowledge and skills) to be learned, students' cognitive and affective 
variables, as well as previous experiences linked to learning the content.  

(Key message 2) "The content structure for instruction is somewhat more elementary (from 
the science point of view) but richer than the science content structure" (Duit et al., 2012).  

In the following, we first illustrate the components of the MER model and, then, we enrich this model 
with aspects coming from ERTE and CoRe. After the description of these research frameworks, 
examples of how they can be used to spark discussions with trainee teachers on the selection of the 
content, and how to guide an analysis of its educational value are reported. 

MER has been designed and refined by German scholars (e.g. Duit et al. 2012). As it is illustrated in Fig. 
1 the MER consists of three closely interrelated components.  
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Fig. 1. Model of Educational Reconstruction (Duit et al., 2012) 

Component 1 – Clarify & Analyse the science content from an educational perspective 

This component orients instruction designers to assume a special take and position with respect to 
scientific contents of the modules and accept that contents are rich and complex enough to be 
“analysed”, “worked” and “shaped” from many different perspectives. Specific science conceptions 
and the content structure reveal special nuances and meaning if they are clarified and analysed from 
an educational point of view. For this reason, the MER stresses the need to consider two processes 
as closely linked: clarification of subject matter and analysis of its educational significance. The 
content knowledge and structure of a certain domain have to be transformed into a content structure 
for instruction, as the two structures are substantially different. Roughly speaking, the second one 
has to activate cognitive resources to be approached and learned. In order to activate such a 
transformation, the scientific contents have to be first elementarized to become accessible for 
learners but also enriched with epistemological and cognitive elements that foster processes that 
make sense to the learners. In this process, science content issues and issues of learners’ perspectives 
(their conceptions and views about the content as well as affective variables like their interests and 
science learning self-concepts) have to be taken into account and put in resonance. 

Component 2 – Account for research on teaching and learning 

The process of clarification, analysis of science content, and the process of constructing the content 
structure for instruction all need to be based on empirical research on teaching and learning. It is 
important to take into account both the research on learners’ perspectives that investigates their 
ideas and affective variables, and the studies on teaching that investigate orchestration processes 
and the role of instructional methods. 

Components 3 – Design & evaluate the teaching & learning environments 

The third component comprises the design of instructional materials, learning activities, and teaching 
and learning sequences. It also presents the learning activities that have to take under consideration 
all the aforementioned dimensions. 
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According to MER, the goal to facilitate the recognition of the educational potential of the material 
can be pursued by including, in the presentation of the instructional materials and learning activities, 
a description of: 

a) the basic scientific concepts (the result of elementarization) of the activities; 

b) their educational enrichment and relevance; 

c) research references on students’ conceptions. 

The Model of Educational Reconstruction provides a theoretical framework as well as guiding 
principles for educational design in science education, both at research level (for which it was 
originally developed), and at school level. Accordingly, it can also be used as a framework for teacher 
education and further professional development by being appropriately transformed into a model 
for designing guidelines for science teachers’ education. This model of Educational Reconstruction 
for Teacher Education (ERTE, Van Dijk & Kattmann, 2007), by analogy with the MER, aims to design 
effective science teacher training environments so that they are able to design their courses or 
implement teaching modules and activities based on the principles of constructivist teaching. The 
ERTE model is based on the idea that the content for teacher education needs to be ‘reconstructed’ 
for teaching taking into account empirical research on teachers' views on teaching and learning, their 
needs and their knowledge. In particular, in the ERTE model the following research domains are 
integrated in MER: (1) Guidelines for teacher education, (2) Clarification of educational design 
concepts, and (3) Empirical research on teacher education. These elements are strongly interrelated 
and they influence each other mutually.  

Lougharn et al. (2008) have suggested a list of eight questions, supportive for the planning of lessons 
and named the collection of questions as The Content Representation (CoRe) tool, which could be 
used for structuring pedagogical content knowledge (PCK) in order to support students’ learning. For 
the purposes of CLIMADEMY, the original CoRe tool was slightly modified for better taking into 
account climate education needs and use of digital tools in teaching and learning. The questions, 
which guide the design of lessons in this modified CoRe tool are: 

1. What do students need to learn about the climate-related topic or what are the core ideas/big 
ideas/key concepts and models related to the topic? Should you take into account the 
multidisciplinary nature of the topic? Do you have specific aims related to the learning of 
attitudes, values and skills or the use of digital tools in learning?  

2. Why is it important (meaningful and relevant) for students to learn this climate related topic 
(need-to-know)? Is it possible to influence students' engagement through choosing an 
appropriate context for learning or take into account environmental, economic, political, 
psychological views related to the topic?  Why/Why don't students need to use digital tools  in 
learning? 

3. What else do you know about this topic - not going to teach students (the level of content)? 

4. What do you know about students’ everyday experiences in the area of the topic (values, 
knowledge and skills)?  What experiences students have about the planned use of digital tools? 

5. What do you know about students’ conceptions/ misconceptions related to the topic and how 
does it affect the teaching of the topic? 
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6. How does context influence the teaching of this topic (student, classroom and school context)? 
What kind of digital tools are available at school considering your aims? Do you need to book 
the digital tools beforehand? 

7. What kind of pedagogy you are planning to use, and how well the pedagogy suited for the topic 
and planned use of digital tools (knowledge-in-use)? 

8. How are you going to assess student learning, including the use of digital tools (knowledge-in-
use)? 

In CLIMADEMY, the MER, CoRe-tool and ERTE frameworks act as research references to select the 
following prompt questions to be used, in the teacher training activities, to spark discussions and 
analyse, with the trainees, the materials and activities. 

Analysis of science content:  

•  Which are the fundamental scientific theories and concepts involved in this topic on climate 
change, and where are their limitations? A climate topic always includes climate related values, 
attitudes, knowledge and skills. Often a climate related topic is multidisciplinary by nature and, 
therefore, in addition to science knowledge, also environmental, economical, societal and 
psychological knowledge should be taken into account. Moreover, the topic has often personal, 
local and global dimensions.  

•  What basic phenomena or basic principles; what general laws, criteria, methods, techniques, 
values or attitudes; what inquiry and design skills may be addressed in an exemplary way by 
dealing with climate change content? 

•  Which social implications are associated with the scientific concepts and/or the topic at issue?  

•  Which fields of application are affected? 

•  What is the relevance and significance of the content and the topic for students’ future life, from 
a personal, social or vocational point of view? 

Students' perspectives: 

•  What attitudes, values, subject matter knowledge and skills do students have at their disposal? 
Are they expression of active hope or deep anxiety toward future envisioning? 

•  How are the climate-related scientific concepts represented in students' perspectives?  

•  Which conceptions, i.e., conceptual frameworks and concepts, are used by the students?  

•  How do alternative frameworks and conceptions of students correspond with scientific theories 
and concepts? 

Design of teaching & learning environments: 

•  What are particular cases, phenomena, situations, experiments that allow making the structure 
of the referring content interesting, worth questioning, accessible, and understandable for the 
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students? 

•  Which are the most relevant elements of the students' conceptual framework to be respected? 

•  Which conceptions of students correspond with scientific concepts in such a way that they can be 
used for a more adequate and fruitful learning? 

•  What are the conditions (e.g., interests, motivations, classroom climate, power structures in 
classrooms) that have to be arranged in order to support learning the intended science content 
(to support conceptual change)? 

A possible variation to the MER is constituted by the “Pedagogical Content Knowledge” approach 
elaborated by Shulman (1987). With respect to MER, this approach does not aim to deeply re-
construct, content knowledge, but to integrate it with a special form of pedagogical knowledge:  

“Pedagogical Content Knowledge is seen as a unique knowledge domain denoting the blending of 
content (attitudes, values, knowledge and skills) and pedagogy into an understanding of how 
particular topics, problems, or issues may be organised, represented, and adjusted to the diverse 
interests and abilities of learners.” (Shulman, 1987). 

3.2 CLIMADEMY competence framework 

A fundamental element that must be considered in the analysis and design of teaching materials 
concerns the goals that the materials aim to achieve. In CLIMADEMY, following the EU competence 

frameworks, we use the definition of competence as “a set of knowledge, skills and attitudes” 
(e.g. Bianchi et al., 2022) and use this definition to frame the structure of the general and 

specific goals to pursue through the activities.  

In CLIMADEMY we started our discussion on the competence framework from the analysis of the 
European sustainability competences, recently described in GreenComp framework (Bianchi et al., 
2022) and developed as part of the European competence framework development. In CLIMADEMY, 
the GreenComp competences have been adapted to teach and learn climate related topics, especially 
climate change, at schools. The CLIMADEMY framework for teacher climate education has been 
designed by University of Helsinki, by combining the GreenComp framework with the competence 
framework elaborated within the ClimComp research project 
(https://blogs.helsinki.fi/climatecompetencies/about/). The frameworks of ClimComp project are 
focusing namely on climate change competencies needed in the society to mitigate climate change 
and adapt to the changes. The competencies were studied both among young people and climate 
experts in Finland (Taurinen et al, subm.; Siponen et al, subm.). The climate change competences 
framework, built from young people’s answers in a survey, consisted of six categories; CC systems 
change, CC science orientation, CC leadership, CC justice and collaboration, CC implementation, and 
CC well-being (Taurinen et al, subm.). These have been applied to the GreenComp model (Table 1) to 
form a CLIMADEMY framework, utilizable by teachers in school environments.   

In the GreenComp framework, four main areas of sustainability competences have been identified 
and each area includes three competences. The four areas with their respective competences are: 
‘Embodying sustainability values’ (Valuing sustainability, Supporting fairness, Promoting nature); 
‘Embracing complexity in sustainability’ (Systems thinking, Critical thinking, Problem framing); 
‘Envisioning sustainable futures’ (Futures literacy, Adaptability, Exploratory thinking); and ‘Acting for 
sustainability’ (Political agency, Collective action, Individual initiative) (Bianchi et al., 2022).  

https://blogs.helsinki.fi/climatecompetencies/about/
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In CLIMADEMY, we have applied them to the context of climate change teaching in schools and tried 
to make concrete wordings that help teachers to identify concrete learning outcomes, give examples 
of activities on how they can be trained in schools, and how to assess them.  The result is illustrated 
in Fig.2.  

 

Fig. 2. CLIMADEMY competence framework – climate change competencies for schools 

The framework is articulated in four areas:  

● Values and attitudes to motivate and engage the learner;   

● Scientific inquiry and skills needed in scientific practices, such as working with climate data and 
in acquiring climate related information from different sources of information;  

● Creativity and related abilities to design new solutions, imagining possible sustainable futures;  

● Action competence brings competence to real life.  

For each CLIMADEMY competence, the University of Helsinki researchers drafted the learning 
outcomes, the pedagogical methods and the assessment tools - based on the literature review and 
their experience in teaching climate change. The outcomes are reported in Fig. 3-6.  

The articulation in the four areas stresses the extent to which climate change and its mitigation are 
transdisciplinary phenomena, and their understanding requires knowledge of science, technology, 
economics, social science, and psychology as well as related skills and values. For example, generating 
ideas related to reducing the amount of carbon dioxide in energy production and in the 
manufacturing of products, requires an understanding of issues related to society and the economy, 
in addition to science and technological knowledge. Moreover, associated values in this field relate 
to, for example, the environment, sustainability, and global justice. In addition to individual decisions, 
national-level decisions on measures such as legislation and taxation are needed. Even though such 
decisions are knowledge based, values and worldviews are the central drivers of the decisions. 
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Fig.3 First step on the CLIMADEMY competence framework; Values and attitudes 
 
The first step of the CLIMADEMY framework is called Values and attitudes (Fig. 3). Considering values 
and attitudes right from the start is seen as a base for building interest, motivation and expertise on 
the topic of climate change. This step brings together sustainability values, supporting fairness, need 
for collaboration and considering the well-being of nature. The learning outcome is to engage 
students with the topic of climate change and wake their curiosity. Before loading new information, 
it is important to reason the knowledge and consider the question of ‘why’. Transformative learning 
is one way to bring this step into action. It refers to the process of acquiring new 
knowledge/perspectives that significantly change an individual's beliefs, values, attitudes, and 
behaviors. Values and attitudes can be practised in school by encouraging students to reflection, 
dialogue, discussions and debates. For example storytelling, role playing and utopias can be utilized 
as tools. Assessment can be based on for example learning diaries or teacher observing the 
reflections students make.  

 

Fig.4 Second step on the CLIMADEMY competence framework; Scientific inquiry 
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Scientific inquiry builds the basic understanding of climate change as a scientific phenomenon (Fig. 
4). Scientific tools such as critical thinking, systems thinking and problem framing are needed to get 
a big picture and coherent understanding of casualties related to climate change. This can be reached 
by traditional learning methods, like independent study and inquiry, but also collaborative learning 
activities, like group work and project based learning. Learning can be assessed with tests and 
examinations, but also discussions, portfolios, concept-mapping or by evaluation of artefacts (for 
example report, video, exhibition).  

The competences emphasise the use of knowledge in different situations. Therefore, it is relevant to 
describe what is essential knowledge in the context of climate change. Although climate change is a 
multidisciplinary topic by nature, we list here the scientific knowledge or core ideas in this field: 
●  Climate science knowledge: 

○ conservation of energy (first law of thermodynamics), direction of phenomena, heat transfer 
(second  law of thermodynamics) 

○ how climate system works and what are interactions in the system 
○ influence of greenhouse gases and aerosols to climate and origins of them 
○ how production of energy, materials and objects and traffic influences climate and water cycles 
○ mechanism, reasons and causes of climate change 
○ strategies for climate change mitigation and adaptation in different levels:  personal – local - 

global 
○ economic, social science, psychology views to climate change mitigation 

● Knowledge about climate research and outcomes: 
○ nature of climate research and origins of climate related knowledge 
○ nature of climate knowledge and models 

 

Fig.5 Third step on the CLIMADEMY competence framework; Creativity  

The third step is called Creativity (Fig. 5). After building the value base, motivation and understanding 
of the scientific background, one can start to embrace creativity to connect things and find new 
solutions. In this competence the aim is to start looking outside the box and direct the thinking 
towards solutions. The GreenComp and ClimComp competences applied here are considering the 
futures literacy, adaptability, exploratory thinking and leadership. The leadership here refers to 
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orientation to find solutions and being ambitious and bold in creating ideas in collaboration with 
others: to think about, for example, one’s utopias and ways to make them happen, to support others’ 
ideas and do collaboration. The learning outcomes are that one is willing to use the previous 
knowledge and build new ideas on top of it and to identify climate change related challenges and 
evaluate new solutions. Art-based methods are especially suitable for developing the competence of 
Creativity as these methods support free and creative outcomes and ways of executing. 

 

Fig.6 Fourth step on the CLIMADEMY competence framework; Action 

Climate action competence builds on top of the other three steps: based on strong value-base, 
scientific understanding of climate change and creativity to design new solutions, effective climate 
action can be implemented (Fig. 6). Climate action competence includes ability to conduct both 
individual and collective action for climate change mitigation and adaptation. Learning outcomes 
include understanding of and engagement in political agency as well as your own potential and well-
being. This can be practised in schools for example via project-based learning and community 
projects in collaboration with the society. Important for developing Action competence is to enable 
hands-on doing for the students, so that their projects or collaborative work has some concrete 
outcomes.  

In the teacher training activities of the CLIMADEMY hubs, these tables are suggested to be used, 
together with the check list resulting from MER and CoRe, to brainstorm and share the general and 
specific goals of the activities. 

The assessment tools for sustainability competencies are described in Section 3.5 and in Annex A. 
There, we introduce approaches and tools for assessing students’ key-climate competences and for 
assessment of students’ learning process. The authors of the document recommend that versatile 
diagnostic, formative, summative, self and peer assessment practices are essential part of climate 
education. These practices support and supplement each other. Furthermore, the teacher’s role as a 
part of assessment practices is analysed and examples of the assessment practices are introduced 
and discussed. 
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3.3 Module’s structure and orientation for learning outcomes’ structure 

One of the most important aspects in education, and in teacher training in particular, is the definition 
of the “role” that the learner – the trainee – is implicitly or explicitly asked to play. Trainee teachers 
are indeed both professionals, with their experience, knowledge and beliefs, and learners, within a 
formation path. 

The definition of trainees’ role and the relationship between trainers and trainees are crucial for the 
success of a training activity. In order to make it explicit, CLIMADEMY assumes a model developed by 
Barquero & Bosch (Barquero & Bosch, 2015, p. 261), within the paradigm established by the 
anthropological theory of the didactic (ATD) for mathematics education (Chevallard, 1992). This 
model is known as “Study and Research Paths for Teacher Education (SRPs-TE) (Barquero, Bosch & 
Romo, 2018). This model has been already modified and used in the Erasmus + project IDENTITIES. 
CLIMADEMY, for its activities, refers to the version developed for IDENTITIES and here further 
elaborated.  

The adaptation of the structure of the particular SRPs-TE consists of four types of activities (see table 
1 and Fig.7). Each of them asks teachers (participants) to assume different roles. 

Table 1 – Trainee teacher’s possible roles (the icons are taken from the IDENTITIES project) 

Type 1:  

Trainee teacher as an 
explorer   

In Type 1 participants are asked to address initial questions, to share 
their knowledge and play the role of “explorers”. This type of activity 
aims to break and ice and to have a first look to what exists, what 
emerges from and around them. In this type of activities all the 
participants are invited to share their knowledge, experiences, 
beliefs.  

Type 2:  

Trainee teacher as a 
student 

 

In Type 2 participants are asked to play the role of “student” or 
“apprentice”. The main goal of this type of activity is to make 
participants get familiar with new contents or activities that could, to 
a certain extent, be also reproduced and used in an ordinary 
secondary classroom. This type of activity is supposed to convey novel 
knowledge or methods to the teachers. 

Type 3:  

Trainee teacher as an 
analyst 

 

Type 3 invites the participants to assume an external, “meta”, 
position from which to analyse the materials and the activities they 
have experienced in the previous type. They are invited to change the 
role and adopt the role of “analyst”. At this stage, educators introduce 
some tools/instruments to progress collectively with participants on 
the analysis of the materials.  

Type 4:  

Trainee teacher as a 
designer  

Type 4 consists of sharing some secondary school experiences with 
participants. Through the presentation of real case studies in 
secondary school, participants are expected to elaborate on how to 
use the tools to re-design and adapt the activity for their classes. They 
are invited to adopt the role of “designer”. 

https://identitiesproject.eu/
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Fig. 7 Adaptation in submodules’ structure of the SRP-TE  
(adaptation from Barquero et al., 2018) 

In the SRPs-TE model, the different types are supposed to constitute submodules to be carried out 
in sequence. In CLIMADEMY, this is recommended, but the model is mainly used to make the role of 
the trainees explicit and guide the co-designers to construct the activities taking into account the 
multiple roles that teachers can and should play throughout their training (students, analysts, 
designers and implementers).  

3.4.  Pedagogical principles and methods 

The fourth component of our model concerns, explicitly, pedagogical principles.  

We use the term “pedagogical principles” to name recommendations for the implementation of the 
activities in real classes of teacher education. The principles are important to maintain or exploit the 
innovation potential of the materials and foster deep and active engagement of the students. They 
can be also used in classes of secondary school students and, in this sense, they can be also explicit 
object of formation in the contexts of teacher education. 

While planning and organizing events, supportive for teachers’ professional learning, it is important 
to take into account what is known about teachers' professional learning. The outcomes of research 
on teachers’ professional development and learning emphasizes the long-term nature of the 
professional learning (Oliveira, 2010), teachers’ active role in their professional learning (Garet et al., 
2001), connection of learning to the classrooms and practice context, and collaboration and 
reflection with colleagues (Avalos, 2011; Kitchen & Figg, 2011; Luft & Hewson, 2014; Van den Bergh 
et al., 2015), because traditional in-service training has been recognised to be ineffective (Opfer & 
Pedder, 2011). One serious reason for this ineffectiveness is that teachers’ professional learning 
activities fail to consider how learning is embedded in professional lives and working conditions, i.e., 
teacher community and classrooms (Koffeman & Snoek, 2019). Teachers are considered to be active 
in professional learning when they control or regulate their own learning by setting aims for learning 
and reflecting on and self-assessing their own learning processes and products. Collaboration during 
reflection helps in the sharing of beliefs and/or experiences and enables learning from experiences 
(Hiebert et al., 2002). However, while planning the activities it is important to remember that 
teachers' professional learning and how this learning is supported through various activities depends 
also on education context, traditions and policy.  
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In the following we introduce the concept of participant framework to illustrate the sense of 
pedagogical principles and to suggest an activity to discuss on them with the trainees. 

Then, we present the MERID framework as the one we suggest for implementing the activities in the 
teacher training activities.  

A way to break the ice and open the discussion on the pedagogical principles in context of teacher 
education is to introduce the concept of participant framework. This concept can help to provide 
criteria to characterize the dynamics of teaching/learning within their class. For this reason, we 
present them as prompts that can be used with the teachers to guide them to reflect on their own 
practices. 

Participant frameworks: structures that outline class scenarios where interactions take place by 
describing the rights, roles, and responsibilities of participants in a setting with respect to the issue 
of “Who can speak what and when?” (Hegedus & Penuel, 2008).  

Examples of participant frameworks that can be discussed with the teachers are the following ones, 
taken from Tabak and Baumgartner (2004) and freely elaborated: 

- “teacher as monitor”: this participant structure is characterized by an asymmetrical relationship 
between the teacher and the learners, where the nature of instruction is the following: the 
teacher is the repository of the knowledge, s/he initiates the discourse, asks about procedures, 
tasks and completion of task-related milestones. At the end, it is up to the teacher to evaluate 
and close the conversational routine. 

- “teacher as mentor”: this participant structure is still characterized by an asymmetrical 
relationship and the nature of instruction is also explicit, but unlike in the monitor framework, 
this participant framework leaves “room for interpretation, negotiation, and adaptation of ideas, 
rather than the testing and evaluation” (Tabak & Baumgartner, 2004, p. 403).  In this participant 
structure, knowledge can be also generated by the students and “the teacher tries to help the 
students to align their thinking and actions with scientific norms without dictating actions or 
explanations” (Tabak & Baumgartner, 2004, p. 403).   

- “teacher as expert-partner”: here the teacher assumes a different posture, “the teacher presents 
herself as a peer” and “joins the group for a few minutes and takes part in their investigation as a 
genuine member of the group” (Tabak & Baumgartner, 2004, p. 403).  In “teacher as partner” the 
teacher is no longer the sole authority and multiple students are authorized to speak; knowledge 
is distributed and can be generated by the single participants and/or by the classroom interaction. 

- “teacher as partner”: here “the teacher presents herself as a peer” and “joins the group for a few 
minutes and takes part in their investigation as a genuine member of the group” (Tabak & 
Baumgartner, 2004, p. 403).  In “teacher as partner” the teacher is no longer the sole authority 
and multiple students are authorized to speak; knowledge is distributed and can be generated by 
the single participants and/or by the classroom interaction.   

- “teacher as moderator of the discussion”: here the teacher chairs a discussion and does not take 
sides saying who is right. Knowledge is not on the teacher, and it is assumed to be distributed and 
generated by the single participants and/or by the classroom interaction. 

- “teacher as perspective-maker”: this structure can emerge in co-teaching contexts, where each 
teacher plays the role of an expert of one possible view. Knowledge is distributed among the 
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teachers and the students, and it can be generated by the single participants and/or by the 
classroom interaction. 

In the previous description, the criteria used to characterize a participant framework are:  

- Knowledge generation: Where does knowledge come from? Who is supposed to be “source of 
knowledge”?  

- Knowledge distribution flow and accountability: How is the knowledge distributed in the class? 
Who has the accountability to speak (“who can speak what and when?”)  

- Teacher role and discourse pattern: what is the role of the teachers? Is she/he supposed to lead 
a “directive discourse pattern oriented to test and evaluate”, or to lead an “indirective pattern 
aimed to facilitate the ideas exploration or a collective discussion”?  

To activate a discussion in context of teacher training, we suggest using the following schematic 
pictures (Fig. 8 a, b, c, d) as representation of classroom dynamics and ask the teachers to describe 
them in terms of the previous criteria. Cases a), b) represent the most familiar way to imagine a 
classroom dynamics. Case c) is supposed to represent a case of co-teaching and, already this one, can 
create some discomfort, touching some elements of teacher professional identity: “being THE source 
of the entire knowledge”. In the digital era and in the society of uncertainty where complex and inner 
interdisciplinary themes like climate change have to be addressed in school, a more realistic picture 
of what classroom dynamics should be imagined is represented in Fig.8(d). The discussion on this 
image can be very fruitful to invite the teachers to imagine or re-imagine of their role and their 
position with respect to knowledge, students, colleagues and society more in general.  

    

Fig. 8 (a, b, c) - Classroom dynamics representations. Fig. 8.a) suggests a typical lecture dynamics, 
where the teacher (blue dot) exposes knowledge (arrows) to the students (black dots); Fig. 8.b) 

suggests a teamwork, facilitated by the teacher (blue dot); Fig. 8.c) suggests a case of co-teaching 
during teamwork. 
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Fig. 8(d) – Classroom dynamics representation in the digital era, when knowledge generation and 
sharing cannot avoid the presence of the web. 

As for the role of teacher trainers, in CLIMADEMY we suggest to implement the pedagogical principles 
embedded in what is called “educative mentoring”.  

Educative mentoring is a collaborative and reciprocal relationship within which both the mentor and 
mentee engage in inquiry into practice aiming at both parties’ professional growth (Bradbury, 2010). 
In this regard, educative mentoring can be considered as a more mediating practice that promotes 
the active construction of knowledge within real educational contexts. The goal of educational 
mentoring remains to meet the immediate needs of the mentee-teachers, but also to promote a 
long-term professional development of mentees through their initiation to an exploratory attitude 
towards their daily practice (Bradbury, 2010). As such, educative mentoring presents many points of 
convergence with the definition of learning communities by Stoll et al. (2006) as “a group of people 
sharing and critically interrogating their practice in an ongoing, reflective, collaborative, inclusive, 
learning-oriented, growth-promoting way operating as a collective enterprise”. Therefore, by the 
conjunction of mentoring and communities of learners, mentees have the opportunity to benefit 
from the shared knowledge and the social interaction with both the more experienced mentor and 
peers as well. 

The practices and the roles mentors assume during these conversations are of great importance as 
they influence the level of mentees’ active engagement in analysing and reflecting on their practical 
experience. Hennissen et al. (2008) in an extensive literature review described a wide variety of 
mentors' practices that ranged from directive (such as assessing, advising, confirming and providing 
feedback) to non-directive (such as asking questions, developing alternatives, summarizing). 

MERID is a two-dimensional model which incorporates two aspects of mentoring dialogues: the 
mentor’s style (degree of directiveness) and his/her initiative of introducing topics for conversation 
(degree of input). According to the MERID model, the aforementioned dimensions, the degree of 
mentor’s directiveness and the degree of initiation of topics for discussion define four distinct 
mentoring roles in the context of mentoring conversations, as shown in Fig. 9: 

•  the imperator, who introduces topics for discussion and uses directive skills to support his/her 
mentees, 
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•  the initiator, who introduces topics for discussion but uses questions and other non-directive 
mentoring skills to address these topics, 

•  the advisor, who uses directive skills like instructions and advice to address the topics introduced 
by the mentee, and 

•  the encourager, who uses non-directive skills to elicit mentees’ opinions on the topics that the 
mentees themselves had originally introduced. 

 

Fig. 9 The MERID model (Michailidi & Stavrou, 2021) 

Mentors participate in the mentoring conversations with different roles, shifting their mentoring 
style in the course of mentoring meetings and among the discussed topics. Specifically, as mentees 
gain experience, mentors shift their mentoring style towards non-directive skills (e.g. from lesson 
modelers to encouragers). In fact one of the most significant and influential factors that determine 
the success of mentoring is the extent to which mentors’ approach matches and is able to address 
mentees’ learning needs (Michailidi & Stavrou, 2021). 

 

3.5.  Assessment guidelines 

Rationale behind Assessment 

When assessment is discussed in educational contexts, including teacher training, it is always very 
important to highlight that the concept of assessment refers to the actions which are supportive to 
the learning process and the actions which are aimed at determining the amount and quality of the 
learning outcome (Black & Wiliam, 2009). Thus, assessment is a much wider concept than “grading”: 
assessment also includes actions that provide feedback for the students and information for the 
teacher about the students’ learning process, without the need to assign grades to the students. In 
this context, assessment is related to the aims of the climate education lesson or a larger climate 
education module or even on climate education competence framework. In this framework, as 
already stressed, values and attitudes are seen as the foundation of climate change competence of 
the youth. Scientific knowledge and ability to search new information on climate change is the basic 
competence in the framework. Creativity and ability to design new solutions is needed to build 
sustainable futures. Action competence brings competence to real life. 
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When an assessment action makes a judgement or grade of the performance of a student, the type 
of assessment is summative (Wiliam, 2000). While supporting the learning process, the type of 
assessment is formative. These two main types of assessment require individual or collective 
interpretation of the aims for teaching and learning. 

In an assessment action, the focus is always on both the quality of the learning process (the formative 
type of assessment) and the learning outcome (the summative type of assessment) with a focus on 
improving students’ learning process and outcomes. Therefore, both the teacher and the students 
use assessment data for developing teaching and learning. This type of assessment is called 
enhancement-led assessment (Patton, 2011; Atjonen, 2015). Consequently, it is important to support 
students in using assessment feedback in the development of their learning process and learning 
outcome. Therefore, simple testing has limitations in supporting the learning of climate competences 
in a versatile way (OECD, 2020).  

The assessment actions are always based on the verified evidence and the grading is done according 
to the criteria or a rubric. A rubric is a tool, which helps in assessing students’ learning outcomes or 
an artefact created during the learning process. A rubric usually includes three essential features: 
evaluative criteria, quality definitions of the criteria at particular levels, and a scoring strategy 
(Dawson, 2007).  

Assessment in the context of climate education could be challenging for many reasons. First, the aims 
for climate education are set holistically or the climate competence framework is complex. For 
example, a teacher could support students to acquire at the same time several competences, such 
as, climate values, core knowledge in the domain and skills needed in generating alternatives. 
Consequently, a teacher should assess the achievement of several aims at the same time. Second, 
the assessment of the learning process could be challenging because of the several activities students 
are guided to engage in. For example, a teacher can guide students to collaborate and engage in 
scientific and engineering knowledge practices and, moreover, ask them to construct an educational 
artefact, such as a poster or a report. Knowledge practices refers to practices that are similar to 
climate researchers or designers, such as asking questions, defining problems, planning, and carrying 
out investigations, analysing and interpreting data, developing, and using models, generating 
alternatives or solutions and communicating information (Krajcik & Czerniak, 2013). Third, the 
created artefacts could also be assessed, not only the learning outcomes and process. To be 
considered as an artefact, it needs to be lasting, durable, public and materially present (Frederik, 
2011). Moreover, aesthetic aims, such as exceptionality and diversity, ethical aims and aims related 
to sustainability, are often emphasized as aims for the artefact. 

In the previous paragraph, it was mentioned that the aims for climate education are often set 
holistically. This means that in addition to climate education aims, also aims for learning transversal 
competencies (also called key competencies, generic competencies, or 21st century competencies) 
are set for a lesson or study module. For example, creative and critical thinking skills, collaboration 
and problem-solving skills, skills needed in the use of various tools, such as digital and manual tools 
are considered as transversal competencies (Voogt & Roblin, 2012). Therefore, aims related to the 
transversal competencies form a group of aims which could be assessed as a part of climate learning 
(Pepper, 2011). However, the aims related to the transversal competencies are often not shared with 
the students (Scott & Yates, 2002). Therefore, self-assessment and peer-assessment that move 
learners forward do not necessarily focus enough on the learning of transversal competencies. 

The assessment and the feedback affect how the students learn, collaborate, and change their 
behavior (Weeden et al. 2002). Assessment with encouragement supports the student's self-concept 
as a responsible citizen. This type of encouragement and constructive feedback is supportive in the 
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development of students’ self-efficacy, in other words their belief in their capacity to execute 
behaviors necessary to the use their knowledge and creativity (Bandura, 1997). Self-efficacy reflects 
confidence in the ability to exert control over one's own motivation, behavior, and social 
environment. Climate change mitigation on an individual level does not depend only on opportunities 
for action but also on one’s self-awareness and self-efficacy (Bianchi et al., 2022). Mitigation has a 
strong attitudinal aspect – the willingness to act. 

Encouragement and constructive feedback could improve students’ growth or mindset (Nadelson, 
2021). Therefore, the assessment actions should indeed be constructive and encouraging during the 
lesson or larger climate module. However, the students need to understand the feedback and 
according to that, direct their learning and behavior in the desired direction. The feedback is directed 
and connected to each student's actions and outputs. The students are directed simultaneously to 
interpret feedback so that it will be easier for them to change their own way of behavior. 
  

Quality Assessment 

The quality of assessment depends on the characteristics of assessment, such as validity, reliability, 
objectivity and authenticity. According to the validity characteristics, the assessment should focus on 
the attitudes, values, knowledge and skills or competencies that are aimed at climate education. In the 
context of this document, the assessment should focus on essential and relevant issues, described in 
the climate competence framework. Thus, the starting point for the assessment should be the 
competence framework. Moreover, the assessment should be open and transparent, and the 
participants must know the competence framework, including aims for learning transversal 
competencies, and the assessment practices planned to be used. Therefore, it is important to pay 
attention to the aims of the lesson or the teaching module and the expected learning outcomes: 
students and teachers should share the same aims. After sharing the aims, assessment practices to be 
used should be agreed. In practice, the students should be invited to be involved in the planning of the 
lesson or module and planning its assessment (McAlpine, 2002; McMillan, 2013). 
 
The demand for the reliability of the assessment includes the fact that the assessment tools could be 
interpreted in a similar way and assessment practices do not contain random errors and that every 
student is given feedback and support according to their needs and process and product are assessed 
according to the agreed criteria in the same way. The objectivity of the assessment includes the fact 
that the effect of the subjective factors, values and preconceptions have been removed (McAlpine, 
2002; McMillan, 2013). 
 
The authenticity of assessment refers to the practices used in assessment. The practices should be in 
line with the pedagogical approaches and learning environments used. Authenticity refers also to the 
next-stage studies and competences needed in adult life. 
  

Assessment Types and Methods 

Diagnostic, formative and summative types of assessment are main types of assessment (see Fig.10). 
The aim of diagnostic assessment is to determine what the student already knows before teaching. 
Diagnostic test, asking questions and observations are tools for diagnostic assessment. Formative 
assessment provides feedback on learning-in-process and steer the process towards goals. Formative 
test, questioning and observing, self-assessment forms are used for tools in formative assessment. 
Summative assessment is used at the end of the learning process for evaluating students’ learning 
against the competence framework. Therefore, it sums up and predicts the performance in future 
studies after the learning process. Well planned summative exams or tests or use of concept maps 
could be used for summative assessment (McAlpine, 2002; McMillan, 2013). 
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Fig. 10 Main types of assessment 

 
Assessment could be formal or informal. Formal assessment is the systematic where tests or other 
tools that measure what and how well the students have learned are used. Formal assessments 
determine the students’ proficiency or mastery of the content and can be used for comparisons against 
competence framework or curriculum aims. Examples of formal assessment are standardized tests or 
systematic use of student assignments. Informal assessments are spontaneous and could be easily 
incorporated in day-to-day classroom activities. Informal assessments are content and performance 
driven. Examples of informal assessment are checklist, observation, and questioning. (McAlpine, 2002; 
McMillan, 2013), 
 

 
Fig.11. Purposes and tools for assessment 

  
Finally, we can mention that there are several other views to assessment. For example, assessment 
could be teacher or student directed. If assessment is student-directed activity it is called as student 
self-assessment. (McAlpine, 2002; McMillan, 2013). 
In Annex A, a more detailed description of exemplar tools for diagnostic, formative assessment is 
reported. It can be used with the teachers to spark their imagination and make aware instruction 
design.  
 
The key massage that we suggest is that both formative and summative assessment are needed, and 
they can be realized also through self- and peer assessment practices in climate education. Both types 
of assessment are carried out according to the holistic aims, objectives or learning outcomes 
descriptions. Formative assessment supports students learning during the process. Summative 
assessment summarizes the student’s learning outcomes. Therefore, it is more than grading and a 
single grade might not be enough for summarizing. In this document alternative assessment tools, such 
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as self-assessment, use of portfolio and assessment of artefacts. The use of the portfolio method or 
construction and assessing of artefacts enables both the short- and long-term tracking of learning 
activities and thus gather the evidence for assessing the process and finally assess summatively the 
reached level.  

 

4. CLIMADEMY Template for Instruction activities and 
prototypes of activities  

 

 

In section 4.1, we report the schematic structure of a possible CLIMADEMY activity for teacher 
training that implements the pedagogical model drafted so far. 

In section 4.2, two examples of activity description are illustrated in detail. 
 

4.1.  CLIMADEMY template 
 

Activity or module: (TITLE) 

Description of the activity, in terms of: 
Title 
Duration 
Target groups 
Related disciplines: 

● Physics 
● Chemistry 
● Biology 
● Geology 
● Mathematics 
● Engineering 
● Others: ______________________________ 

 

Brief description of the activity 
 

Articulation of the activity in sub-activities (in case), by referring to the role of the trainee teachers 

 
 

For each sub-activity, briefly describe: 
 

a) educational reconstruction components in terms of: 
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- Core scientific concepts (the result of elementarization) of the activities (what the 
trainee teachers and then the secondary school students should know)  
 

Educational enrichment and relevance of the contents 

 

Research references on students’ conceptions. 
 

b) Links to the Competence Frameworks  
c) Participant structures 

d) Learning outcomes and assessment tools 

 

 

The template was built to provide the guidelines with practical orientation for making the model alive 
and usable in the practice (Rossi, 2023).  

The final structure is here: 

ACTIVITY TEMPLATE - empty.pdf 

The template is supposed to guide the design and implementation of the teacher training activities 
as follows:  

● Use the STE-PE model to reflect on the role you wish the teachers should play and structure, 
accordingly, the analysis, discussion or presentation of activities for teacher education; 

● For each phase of the STE-PE model, design specific tasks to achieve explicit learning outcomes 
for your teacher education actions on CC in which mentors and mentees have a specific role;  

● In each activity and training phase, consider the MER, ERTE and CoRE to point out the key 
pedagogical messages that are worth discussing and use guiding questions to orient the 
discussion with the teachers;  

● Use the template to guide the analysis, discussion or presentation of the activity for teacher 
education by answering the selected questions. 

 
In the following section, we illustrated the template by using an existing and already well-established 
activity designed for a teaching/learning module on climate change (Tasquier, 2015; Tasquier et al., 

2016; 2017; Barelli, 2017; Levrini et al., 2019; 2021; I SEE project1; IDENTITIES project2), named the 

“biodiesel activity”.  
 

4.2.  Prototypes of activities   

In this section we present a prototypical activity, by focusing on: the main goal of these phases, the 
link with the frameworks of the pedagogical model and the suitable guiding questions.  

The description is the result of a re-analysis of a well-established activity, carried out following the 
principles of the CLIMADEMY pedagogical model. This process of re-working on a well-consolidated 
activity helps methodologically to focus on how to use the model. As a result of this first process, the 
first draft of the template emerged. This draft was discussed with the small and the big group of 

                                                           
1 Erasmus+ Programme (Grant Agreement n°2016-1- IT02-KA201- 024373) https://iseeproject.eu/ 
2 Erasmus+ Programme (Grant Agreement n°2019-1- IT02-KA203- 063184) https://identitiesproject.eu/ 

https://drive.google.com/file/d/12qbl2iSHXuuOY9sz_KfdSR6wnsE9H7bV/view?usp=drive_link
https://iseeproject.eu/
https://identitiesproject.eu/
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researchers both at local and global level of the CLIMADEMY project and was refined through several 
steps. Once arrived at a stable version, the template was also proved against a new situation, by 
using it to design a new activity from scratch, the “Atlas activity”, inspired by an exemplary activity 
presented by the Finnish group of teachers. 

Briefly, in the explorer phase, the mentee explores the topic/phenomenon proposed by the mentor, 
focusing on which knowledge should be part of instruction and which not. In this phase, since the 
target is an activity for students, the mentee teacher should identify which knowledge should be 
used and which not. The identified guiding questions are the following:  

● What should students learn about the topic/text?  
● What else should teachers know about this topic – not going to teach to students (the level 

of scientific content)? 
 
In the student phase, mentee teachers are invited to study the key concepts of the topic/phenomenon, 
the contexts in which this topic/phenomenon is or can be embedded, the epistemic competences that 
students could develop through the educational material used to carry out the activity on the 
topic/phenomenon, and the students’ difficulties.  These are key elements of the educational 
reconstruction process. Precisely, the key concepts are the result of the ‘elementarization’ process. 
Identifying the contexts and the epistemic competences, and considering the students' difficulties with 
the topic/phenomenon are key ingredients of the enrichment process. The identified guiding questions 
are the following:  

● What are the core ideas/big ideas/key concepts and models of the topic? 
● What are the epistemic competences this activity can develop? 
● In which contexts are the activity’s key concepts/scientific content embedded?  
● What are the students’ difficulties with the topic/activity?  

 
In the analyst phase, the mentee has to analyse the topic/phenomenon and the related activity for 
students more deeply, focusing on its educational value. Therefore, besides the relevance and meaning 
that the activity under investigation can have for students, the CLIMADEMY competences that could 
be developed through the activity (targeted for students) are supposed to be identified in this phase. 
The identified guiding questions are the following:  

● Why is it important (meaningful and relevant) for students to learn this topic? 
● What competences does the analysed activity aim to develop?  
● How are these competences developed?  
● How can they be assessed?   

 
Finally, in the designer phase, the mentee teachers can focus on implementing the activity under 
investigation in their classroom, adapting it or designing a different one if necessary. They are invited 
to think about the role of the teacher in the classroom and the source of knowledge. The participant 
framework and the MERID model play a relevant role in this phase. The identified guiding questions 
are the following:  

● Which is the source of knowledge? 
● Which participant structure will you use to enact this activity? 
● Which degree of directiveness and input will be used in the classroom? 

 
Here, you can download the description as an example for mentor teachers to show how the 
pedagogical model can be used in practice for teacher education.  
ACTIVITY TEMPLATE - Biodisel 1.pdf 
ACTIVITY TEMPLATE - Biodisel 2.pdf 
 

https://drive.google.com/file/d/1g2YQGR2VzK92r40nvJhf--RhjYUgHvre/view?usp=drive_link
https://drive.google.com/file/d/106v-CM1mB6jdObzuUJkzRnL2TEGggW2e/view?usp=drive_link
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5. Conclusions 
 

 

The deliverable D3.1 reflects the work conducted in the frame of WP3, tasks 3.1 and 3.2. The draft 
model has been built through a collaborative process among the partners and the other WPs. In 
particular, new educational material (WP2) has been revised or developed according to the 
educational model from WP3 and transformed into prototypes of teaching activities for teacher 
education. These activities are implemented in the CLIMADEMY network established in WP4 and the 
implementations are providing new insights to revise and improve the WP3 model, whose delivery 
is foreseen for the end of the project (M36).  
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Annex A - Assessment tools: further guidelines and examples 
 

 

 

 

Diagnostic Assessment: Assessment before learning 
The aim of diagnostic, declarative or planning assessment is to find the values, skills and perceptions 
and knowledge needed by the students in climate education. Tools for diagnostic assessment include 
various tests, teacher questioning and observations (Leighton & Gierl, 2007). The questions posed by 
the teacher directs the student to look at certain characteristics of climate education. The student’s 
response tells the teacher what the student thinks about the topic. For example, a review related to 
the mitigation of climate change can begin with the question: “How can you save energy?” and “How 
can you save materials?"  

A diagnostic test, Kahoot (https://kahoot.com/) or Socrative (https://www.socrative.com/) 
activity could also be used to map the students’ conceptions or skills: Which of the following activities 
consume energy most in European Union a) education, b) transport, c) food and beverages. The 
teacher asks questions they know as being critical to the success of the work: “How are the results 
reported?”, “What keywords did you think you should use in a search?” In a similar way, it is possible 
to map the way in which the students have understood the aims of the learning activity: “What and 
how we are evaluating in this activity?” The questions help students to think about the aims of the 
learning process. 
 
Karpudewan et al. (2015) used following questions for mapping students’ pre-conceptions in their 
study on child-centered, 5E3 learning cycle-based climate change activities: 
● What is global warming? 
● What do you understand about global warming? 
● What is the cause for global warming? 
● If we had a way of making sure that there was no rubbish in rivers, is that going to help reduce 

global warming? 
● Explain how we combat global warming by making sure the rivers are clean? 
● Do you turn off the air conditioning or other electrical appliances when not in use? How often do 

you perform this behaviour? 
 
In the context of diagnostic assessment, students often respond in an unexpected way because the 
topic has not yet been learned and they do not know the concepts or skills needed in the learning 
activity. Therefore, it is particularly important to provide encouraging feedback to students. After the 
student's answer, a teacher naturally continues with a follow-up question. If the answer is vague, the 
student may be given an opportunity to modify the answer. The teacher can repeat or slightly modify 
the student's answer, for example, by asking, “Do you mean that…” (repeating the answer in your own 
words), “You bring up perspectives A and B, would there be other perspectives?”, “What do you think 
about C?” The types of feedback given by a teacher can be grouped as follows: 
● Encouraging feedback: emphasizing competence 
● Evaluative feedback: highlight positive perspectives and ask to look at it from another perspective, 

for example 
● Guiding feedback: how the objectives should be considered in the future 

 

Formative Assessment: Assessment during learning 
Formative assessment is used for supporting the students’ learning process. Moreover, peers could be 
active in giving feedback during the process, such as during the communication sessions, which are 

                                                           
3 The “5E” refers to the five phases of the Learning Cycle, namely Engage, Explore, Explain, Elaborate, and Evaluate. 
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typically used within inquiry or project type of learning. For example, students could be asked to 
communicate the phase of their learning to other students and the teacher after the students have 
formulated the question, problem or challenge according to which they will learn. Typical type of 
formative assessment are: 
● Observations during in-class activities; of students non-verbal feedback during lecture 
● Homework exercises as review for exams and class discussions 
● Reflections in portfolio or in other type of document that are reviewed periodically during the 

semester 
● Question and answer sessions, both formal—planned and informal—spontaneous 
● Conferences or discussions between the instructor and student (and parent) at various points in 

the semester 
● In-class activities where students informally present their results 
● Student feedback collected by periodically answering specific question about the instruction and 

their self-evaluation of performance and progress (Bell & Cowie, 2001) 
 
The feedback provided by the teacher, as well as the self-assessments and peer assessments help the 
students to understand their learning and to identify the development of their values, attitudes, 
knowledge or skills and areas where competencies are not yet sufficient. The students learn to correct 
their mistakes and develop their working so that the goals set for their learning can be achieved. The 
feedback could be given orally, adding comments to the portfolio or learning diary or with structured 
forms. Therefore, it is important that at different stages of their learning, students communicate to 
the teacher and to each other about the stage of the learning process and outcomes.  
 
Formative assessment guides regulate the student’s working and learning toward the aims set for 
learning. Its primary function is to help students to discover what they know and how, or are able to 
do, and what still needs to be learned and in what way (Webb & Jones 2009). Formative assessment 
helps the teacher to focus his or her support and supervision on issues that students do not yet know. 
Formative assessment can also support the student's feeling of competence. The need for competence 
is one of the key basic psychological needs or motivating factors in learning. 
  

Summative Assessment: Assessment after learning 
An essential characteristic of summative assessment is making the achievement of the aims, objectives 
or learning outcomes and, moreover, the learning process visible. In a summative assessment 
attitudes, values, knowledge and skills, which have been developed or learned could be assessed. 
Summative assessment is based on verified evidence of how well and to what extent the student has 
achieved the aims set for the lesson or climate education module (Doran & Tamir, 2002). Various 
assessment tools, such as examinations or tests, an examination where materials or internet could be 
used, a screening test, and systematic use of e-portfolio could be used in summative assessment. 
Moreover, it is possible to assess concrete outcomes of the learning process, artefacts, such as essays, 
concept maps, project reports and presentations or a learning diary.  
 
There are several points of views that should be considered while planning an examination or a test 
for measuring the learning outcomes. First, summative assessment as any other assessment is done 
according to the aims, objectives or learning outcomes descriptions of the climate education module. 
For the purposes of summative assessment, it is common to prepare a framework, which is used in the 
development of the assessment and the content to be assessed. The framework helps the design of 
assessment tools, such as test and test items. For example PISA Scientific Literacy Framework, 
introduced in the Programme for International Student Assessment (PISA) (Organisation for Economic 
Co-operation and Development in 2007, but revised in 2013. [OECD], 2013), have been used for the 
design of PISA Science test and test items. This framework initially defines three competencies, which 
describe the use of science subject knowledge and knowledge about science and, moreover, 
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willingness (attitude) to use this knowledge in three situations (skills): in identifying scientific issues, in 
explaining scientific phenomena and in drawing evidence-based conclusions. This framework also 
concentrates on various situations or contexts where attitude, knowledge and skills are developed. 
The initial PISA framework further introduced personal, local and global situations and contexts in 
three main areas: science in life and health, science in the Earth and its environment, and science in 
technology. 
 
Harris et al. (2019) have suggested a design process for constructing knowledge-in-use assessment 
tools and items. This approach provides meaningful and actionable information about students’ 
progress toward knowledge-in-use learning goals. The design process has origins in the evidence-
centered design (ECD) (Mislevy & Haertel, 2006), which has gained attention as a comprehensive 
approach for principled assessment design and validation. ECD provides a framework for analysing 
content for assessment design that can be used to specify the essential and assessable components of 
knowledge-in-use learning goals. We slightly modified the original test and item design model for 
climate knowledge-in-use (Fig.13). This model involves two phases: domain analysis, which involves 
unpacking of the climate competences in the performance expectations to understand the assessable 
components; and domain modeling, which involves item and test design including the design of item 
type, cognitive process and knowledge type and, moreover, the use of additional material, such as, 
additional text or data material. Fig.14 presents an integrated climate competence dimension map, 
which is recommended to construct after first unpacking disciplinary core knowledge or practices, 
scientific and engineering practices and values and attitudes in the context of climate competences. 
This climate competence dimension map has the same components as it is described in the PISA 
framework. 
 
 

 
 

Fig.13. Design process for constructing knowledge-in-use assessment items. 
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Fig. 14. Integrated climate competence dimension map 

 
Examinations and tests are structured in several ways and several item types are used in the test, such 
as, objective items (true-false, multiple choice, matching, put in order, …), short answer questions 
(question, fill-in, crossword, …), essay, and problem-solving question. True or false type items are 
simple statements, which must be either completely true or completely false. The statement should 
not be very long and it is not appropriate to use statements with words like always, never, no, 
sometimes and often. Moreover, negative statements could be avoided. 
  
Short answer questions could be asked using different forms, such as question, fill-in and crossword. 
Different type of short answer questions: 
1. Definition question: require to define a concept (What is an acid?) 
2. Explanation question: require to explain why something is true or how something functions (What 
happens in neutralisation?) 
3. Example question: require a specific real-world example of a concept or phenomenon (Give example 
of acids) 
4. Relationship questions: require to state or show how two or more things relate to one another (Are 
they the same? Are they different? Are they opposites?) 
5. Calculation question: require to calculate or compute a numerical answer or response. 
6. Graphing question: require an answer in the form of a graph (Draw a graph, which describes 
neutralization). 
 
Essay test items demand long answers and it enquires the students to use knowledge rather than 
memorize information. Much time is required to answer this type of question as the student has to 
plan, organize and reflect. Student has to express his/her ideas in writing clearly and concisely hence 
only a few questions can be asked within the limited time in as much as the test cannot cover the 
whole curriculum. Example of an essay test item: Why is the average temperature of the Earth 
increasing? 
 
New knowledge is learned at different levels. Firstly, it is possible to repeat what has been learned, ie. 
to recall the knowledge, and secondly, new knowledge could be used in a familiar context. The third 
level is the application of learned knowledge to new situations involving problem-solving (Fisher 1990: 
1 - 28). Consequently, cognitive processes are wary between the levels and are less demanding in lower 
levels. Anderson and Krathwohl (2001) developed a taxonomy, which is a revision of Bloom's 
taxonomy, which categorizes cognitive processes in 6 levels as described in Table 2. Table also 
introduces test items, which aims to measure use of knowledge in a certain level of cognitive process.  
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Table 2. Examples of test items measuring student understanding of recycling in different levels 

Cognitive process Verbs A test item about recycling 

Remember (recognise or recall 
knowledge, facts or concepts) 

define, describe, 
identify, label, list, 
name 

What is recycling? 

Understand (construction meaning 
from instructional message) 

illustrate, compare, 
explain, classify, 
interpret, summarize 

Why is recycling important? 

Apply (use ideas and concepts in a 
new situation or in problem solving) 

implement, organize, 
construct, 
demonstrate, modify, 
prepare, relate, solve 

Give examples of recycling at home 
and at supermarkets. 
  
How can you develop recycling habits 
in your home? 

Analyse (breaking something down 
into components, significance of 
components), 

analyse, break down, 
compare, select, 
contrast 

What happens if we stop recycling? 
What happens to materials and 
energy in recycling? 

Evaluate (making of judgement or 
assessment on the basis of criteria 
or standards) 

rank, assess, monitor, 
judge 

Evaluate possibilities and constrains 
for recycling in your home city? 

Create (recognise diverse elements 
to form a new pattern or structure) 

generate, plan, 
develop, create, 
invent, construct, 
produce, design 

Design a recycling plan for your 
school. 

 
Anderson and Krathwohl taxonomy also has a knowledge dimension and introduces four types of 
knowledge: (1) factual knowledge; (2) conceptual knowledge; (3) procedural knowledge and (4) meta-
cognitive knowledge. Epistemic knowledge is added to the original dimension. 
  
Table 3. Knowledge dimension in Anderson and Krathwohl taxonomy. 
  

Knowledge type Definition Example question 

Factual knowledge information on terminology and details Name two greenhouse gases. 

Conceptual 
knowledge 

knowledge of different classes and 
categories, generalizations, theories, 
models and structures. 

What is the reason for global 
warming 

Procedural 
knowledge 

knowing how to do something, algorithms, 
techniques, methods, and criteria for the 
use of knowledge. 

A class decided to start measuring 
outdoor temperature in order to 
know how it is changing during one 
year. Present a plan for the study. 
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Epistemic 
knowledge 

which knowledge is correct by one 
reasoning, but may be false based on 
another, knowledge of how new 
knowledge is created, justified, and used. 

How do we know that the average 
temperature of Earth is slowly 
increasing? 

Metacognitive 
knowledge 

knowledge of strategies, knowledge of the 
cognitive requirements of the task, and 
knowledge of one's own strengths and 
weaknesses. 

Evaluate your actions from the 
point of view of global warming 

  
The cognitive test Shepardson (2009) used for measuring seventh grade students' conceptions of 
global warming and climate change is a good example of a test, which measures use of conceptual and 
procedural knowledge in various situations. Moreover, the items measure at least an understanding 
level of cognitive process. 

 
Summative assessment can also be done by an observation form, a learning diary, a portfolio, or based 
on a screening test. Documents, reports, blogs, or videos produced by the students could also be 
assessed. Summative assessment could be implemented through the assessment of the artefact 
created during the learning process. A specific assessment sheet, constructed based on the aims of the 
learning, could be used in the assessment of the artefact. 
  
For assessing students' answers to examination or test items, a rubric is needed. A rubric is a type of 
scoring guide that articulates specific components and expectations for an assignment. Rubrics can be 
used also for a variety of assignments, such as documents, reports, blogs, videos, portfolios, and 
presentations. 

 

Fig. 16. An example of a rubric for Education for Sustainability, published by the Government of 
Australia (https://cdn.environment.sa.gov.au/landscape/docs/hf/nr_amlr_aussi-

sa_education_for_sustainability_rubrics_and_core_indicators.pdf) 
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Student self-assessment 
Through self-assessment, the students find out what they have learned, compare their learning to the 
set aims, and strive to find out what should still be learned. They can also recall how they have engaged 
in the learning process and how they could engage more effectively next time. Self-assessment is thus 
like formative assessment and intended to support the learning process and learning outcome. It helps 
students to become responsible for their learning. Self-assessment also supports the development of 
metacognitive skills, self-confidence, and self-image. In addition to learning, the use of a self-
assessment method develops readiness for further studies and adult life (Andrade, 2019). 
 
It is known that self-assessment is challenging for students. Therefore, students’ self-assessment 
should be supported by teacher led discussion, teacher questioning, or assigning a task. The discussion 
can be started by asking the student to share their experiences of their learning process in general. 
Next, the student could be asked to look at their own activity during the learning and to think about 
what kind of problems they had. Finally, the students could be encouraged to analyse how they can 
develop their learning. The self-assessment could be started with a question, “What was the most 
interesting / surprising / charming thing today?”. Other examples of questions that guide the self-
assessment process include: “List the three most important things you learnt today” and “What else 
would you have liked to learn?” Students can be asked to write the answers on a common page on a 
digital platform. After writing, they can be instructed to compare their responses and discuss each 
other’s experiences. It is important to guide students to evaluate their learning in a small group, for 
example: “How have you succeeded in your group in collaboration, idea generation and 
communication?” “How can you improve your learning in a group?” 
 
The form in Fig. 17 could be used for guiding the self-assessment. There may be fixed and open-ended 
questions on the form (see Table 3). 
  
What can I do? (1 = I need exercise, 2 = moderately, 3 = well) 
1. I am able to search for information.                                                      1   2   3 
2. I am able to generate ideas.                                                                 1   2   3 
3. I am able to evaluate ideas.                                                                   1   2   3 
4. I am able to write notes.                                                                        1   2   3 
5. I am able to work in a group.                                                                 1   2   3 
6. I am able to communicate.                                                                    1   2   3 
7. I am able to assess my learning.                                                            1   2   3 
8. I am able to assess artefacts created during the learning process.     1   2   3 
What was most interesting related to learning today? 
What else would you like to learn today? 
  

Fig.17. Example of self-assessment form of students’ activities. 
  
Peer-assessment 
The group can also self-evaluate their own activities using other forms or relying on a discussion. As 
the group evaluates their own activities, group members become aware of how each group member 
and the group as a whole has worked. In peer review, a student evaluates the work of another student 
or a group. In this case, it is important to encourage students to be positive in the assessment and to 
bring up a number of perspectives. Any criticism presented should be done so constructively (Brown 
et al., 2021). 

 

The Digital Portfolio - a method for Knowledge Building, Interaction, and Assessment  

The digital portfolio, a briefcase or a folder refers to the collection of the displays of student 
assignments, descriptions of the learning process and outcomes. The display discloses the student's 
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diverse abilities and the reached competence levels depending on the portfolio assignment type: the 
open assignment type reveals more detailed and unexpected information than the ready-to fill-in type 
(Parker et al., 2012; Kimball, 2005). The content of the portfolio, collected documents, consist of the 
process descriptions, the choices available, and the self-assessments/the group assessments and 
describe success and recognized challenges and objectives for further learning. 
  
Alongside the authentic documentation, the portfolio consists of two more basic elements: reflection 
and collaboration (Zubizarreta, 2009). The portfolio develops in the portfolio process from a container 
to a reflective report and even to a dialog (Kimbell, 2012). The content of the portfolio diversified as 
the inexperienced student became accustomed to the method and the simplest documenting is 
transformed into a more diverse holistic or even abstract narration (See also Saarinen et al., 2021). The 
collected materials can be processed, reflected, immediately and/or later at an appropriate time. 
  
Portfolio can contain a range of types of assessment: it can be shared online with the teacher when 
the process feedback is direct and formative by nature.  If the portfolio is shared with the peers, the 
peer-feedback can be directed towards content or criteria and due to its formative nature, it also 
supports the process. Finally, the contents of the portfolio comprise the material for summative 
assessment purposes. 
  
One principle of the portfolio assessment is that the working and the progress of it, the best 
achievements, and failures and coping with them are stored. One’s own development is examined and 
with the help of the documentation, reflected either to construct a statement or the deepest level of 
reflective thinking (Kimball, 2005). Then also the mistakes and failures are seen but not emphasized in 
the same way as for example in the traditional assessment, which is based on the use of summative 
tests. On the other hand, the examination of mistakes and their corrections show versatile skills and 
abilities, and therefore it is desirable for the portfolio documentation to contain errors and mistakes. 
The portfolio assessment is an attempt to strengthen learning to learn and the self-direction as well to 
develop self-esteem. 
  
When compiling the portfolio student: 
● analyse, selects and sets own objectives for himself 
● designs and selects studying tasks suitable to the objectives and approaches 
● shows and uses information independently and adapts it 
● examines and estimates own learning process and the learning results, in other words own work 

and working 
● discerns personal strengths, subject interests and learning challenges 
● considers the grounds for the successful learning and the significance of collaboration and role of 

own working. 
 
It is recommended to start by a review of the portfolio, going through the principles of how the 
portfolio works, sectors (elements) and their role in the assessment (the criteria for assessment). 
The typical stages of the portfolio work carried out at schools are as follows: 
1. Common and own aims or objectives for learning subject matter, knowledge and skill are set 

together and their assessment criteria are agreed on. 
2. The learning process is designed together based on the objectives and it is carried out. 
3. During and at the end of the study module the students will estimate progress independently in 

group and/or with teacher and they reflect the samples contained in the portfolio. 
4. The student can, if so desired, distribute the samples chosen by him/her and his/her own estimate 

of their level and of own development to other students, teachers and possibly also older and 
friends so that they can become acquainted with the working of the study module and with the 
encouraging assessment debate. 

5. In the assessment both the results and the process descriptions, progress and enterprise are taken 
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into consideration. 
  
Assessing artefacts 
An “artefact” refers to tangible objects or outcomes of the learning process, created by the students. 
These can include textual artifacts such essays, concept maps, project reports, presentations, and 
learning diaries, but also concrete objects such as artwork, technological objects, crafts etc., or 
audiovisual artefacts such as videos (Kloser et al., 2017; Rosenheck et al., 2021). Role of artefacts in 
learning are especially emphasized in inquiry or project-based learning. In this type of learning, 
students create a set of tangible artefacts, like graphs and tables with digital tools that address the 
driving question. These are shared artefacts, that is, publicly accessible external representations 
(Krajcik & Czerniak, 2013). 
 
The produced artefacts can be used for summative assessment of the students’ learning outcomes 
(Rosenheck et al., 2021). Artefacts could be used also in formative, self- and peer-assessment. 
However,  Grob et al. (2017) raise various challenges in formative assessment. Firstly, it takes time, 
especially, the preparation of written assessment, if they are done several times. Secondly, self- and 
peer-assessment also need a certain amount of practice to be effective: The students need some 
exercise in assessing and providing feedback before peer-assessment can really improve learning and 
the artefacts.  
 
In the context of climate education, the number of points of views in the assessment of artefacts could 
be high. First, the starting point in assessment is in the climate competence model:  Values and 
attitudes, scientific knowledge and ability to search new information on climate, creativity and ability 
to design new solutions, and action competence. Second, the artefact as such could be assessed from 
the ethics and aesthetic point of views and how well it communicates the “message”. 
 
The assessment of student-produced artefacts, like all assessments, must always be based on the given 
assignment and the learning goals that have been set for that assignment. The two example rubrics 
provided below illustrate this. The first rubric is intended for evaluating a learning project in physics, 
where the students must produce a model that describes the movement of objects based on 
experimental evidence. The second rubric is meant for assessing student products created in “maker 
education”, and the assessment criteria reflect the learning goals of maker education. In holistic 
climate change education, the assessment criteria should reflect the key climate change competencies. 
Artefacts can also be assessed from aesthetic and ethical perspectives, whenever relevant to the 
learning goals: in climate change competencies, this could mean assessing the artefacts from the 
perspective of the competence area “Embodying sustainability values”. 

Table 4. A rubric used for assessing an artefact (a model) in project-based learning (Juuti et al., 2022). 

  5 Excellent  4 3 Good  2 1 Poor 

Does the model answer the guiding 
question? 

          

Concepts and their use           

The produced model           

Argumentation           

Clarity and appearance           
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Assessing values and attitudes 
There is little research on values and attitudes in the context of climate education and what is 
published is typically written based on environmental attitudes and values in general.  
 
The assessment of students’ values and attitudes is concerned with formative and diagnostic 
assessment. The summative assessment of student values has been found to be counterproductive or 
even harmful and ethically questionable (Curren & Kotzee, 2014; Merttens, 1996) and high-stakes 
testing in ethics education has been found to be similarly counterproductive for achieving holistic 
ethics education (Sporre, 2019). Furthermore, depending on the local curriculum, it may be explicitly 
forbidden to use students’ values and attitudes as basis of summative assessment or grading. Thus, 
assessment of values refers here to the assessment of students’ environmental values for the purpose 
of supporting their learning process and, moreover, their future actions related to climate and 
environmental issues. 
 
Values and attitudes form the foundation of climate change competences. Thus, to create optimal 
learning moments, it is crucial that teachers are aware of their students’ values and attitudes. It is also 
important for students to self-assess their values to become aware of them. Several value assessment 
instruments have been developed that could be used, possibly in an adapted form, for student self-
assessment. These include the New Environmental Paradigm Scale (NEP) and the New Environmental 
Paradigm Scale for Children (Anderson, 2012; Manoli, Johnson & Dunlap, 2007). The 2-MEV scale 
(Johnson & Manoli, 2011), intended to be used with 10 to 12-year-olds, measures the preservation 
and utilization dimensions of ecological values: preservation values have been found to correlate with 
pro-environmental behavior (Pauw & Petegem, 2013). A third scale measures the egotistic, biospheric 
and altruistic value orientations: the biospheric value orientation correlates with pro-environmental 
behavior (de Groot & Steig, 2008). Ranking tasks, in which students rank values or value statements in 
order of personal importance, can also be used in student self-assessment. For example, Brady (2011) 
suggests that students can rank following value-statements for self-assess their values (2-MEV scale): 
● I try to tell others that nature is important. 
● To save energy in the winter, I make sure the heat in my room is not too high. 
● I like the quiet of nature. 
● Weeds should be killed because they take up space from plants we need. 
● People are supposed to rule over the rest of nature. 

 
Teacher observations on students’ behaviour, actions and talk offer information about the students’ 
values and attitudes: Values as such are difficult to observe. This can occur during class activities in 
which students engage with environmental values, such as debates, dialogues, small group discussions 
and role-playing (Shephard, 2008). In this way, the learning and assessment of values occur 
simultaneously, and the teacher can use the results of this formative assessment to further support 
the learning of environmental values.  

 
Flowers, Carroll, Green and Larson (2015) explored methods of using drawing assessments to assess 
the environmental attitudes and awareness of primary school aged children. However, they note that 
art methods may give different results from more traditional measurement scales depending on the 
learner, and thus different assessment methods should be combined to get a fuller picture of the 
students’ values and attitudes. 
 
Environmental values and attitudes do not exist separately from environmental knowledge. Kollmuss 
and Agyemann (2002) see environmental values, attitudes, knowledge and emotional involvement as 
forming a complex they call “pro-environmental consciousness”, and Roczen et al. (2014) found that 
attitudes and knowledge affect each other. Thus, students' values and attitudes cannot be assessed as 
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if they formed an area separated from their knowledge; rather, the students’ knowledge should be 
considered when assessing their values and attitudes. 


