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Abstract 

Extensive research states that achieving Sustainable Development (SD) 

is a significant challenge due to several severe environmental issues. 

Education plays a crucial role in addressing this challenge, offering a 

valuable opportunity to influence the knowledge and abilities of 

society’s future adult citizens. This thesis, focusing on upper secondary 

science teaching, used the theoretical framework of Pedagogical 

Content Knowledge (PCK) and its Refined Consensus Model. The aim 

was to investigate (1) what content science teachers emphasise when 

teaching SD, and how they justify that content, (2) how science 

teachers’ PCK in teaching SD can be captured and developed with a 

combination of reflection tools, (3) in what ways science teachers 

adjust their teaching to different vocational education programmes 

when teaching SD, and (4) in what ways teacher teams in science can 

develop PCK for teaching SD via collective reflections.  

 

The methods included science teachers’ use of reflection tools, semi-

structured interviews, and teachers’ collective reflections. Data were 

analysed using thematic analysis and qualitative content analysis. The 

results reveal the content choices made by teachers when teaching SD 

and the justifications behind them. Also, they demonstrate how 

reflective tools captured and supported the development of PCK. 

Additionally, the results clarify that many teachers adjust their 

teaching to the different vocational education programmes when 

teaching SD. Finally, the results show that collective reflections in 

science teacher teams may develop teachers’ PCK.  

 

This thesis contributes to the field of PCK research with a specific focus 

on SD. The implications translate into recommendations for principals 

and teachers who will hopefully be inspired by the results and the 

reflective tools used in the study. 

 

 

Keywords: Content Representation, Pedagogical Content 

Knowledge, Refined Consensus Model, Science Education, Sustainable 

Development 
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Introduction 

A window of opportunity remains open, but only a narrow shaft of light 
remains. The global climate fight will be won or lost in this crucial 
decade – on our watch. One thing is certain: those that give up are sure 
to lose. So, let’s fight together – and let’s win. For the 8 billion members 
of our human family – and for generations to come. (United Nations, 
2022).  

These are the final words in the opening speech of the United Nations 

COP27 climate summit in Sharm El-Sheikh by Secretary-General 

António Guterres. He conveys the urgency and seriousness of 

Sustainable Development (SD) for the future of humanity on Earth. 

The concept of SD seeks to combine environmental concerns with 

social and economic aspects in a unified whole and was first formulated 

in the report ‘Our Common Future’: ‘Sustainable development is 

development that meets the needs of the present without 

compromising the ability of future generations to meet their own 

needs’ (World Commission on Environment and Development, 1987, 

part 1, chapter 2).  

 

Extensive worldwide research states that SD is a major challenge 

nowadays due to several serious environmental problems (e.g. IPCC, 

2023; Rockström et al., 2009) and growing inequalities in the world 

(e.g. Folke et al., 2021). Education is likely an important factor in 

achieving SD, as it has an excellent opportunity to influence the 

knowledge and abilities of society’s future adult citizens (Boeve‐de 

Pauw et al., 2015; Timm & Barth, 2021; UNESCO, 2012). Further, 

teachers have a crucial role in the success of students’ knowledge and 

skills to cope with SD issues (Hungerford, 2010), and there is a strong 

connection between teachers’ knowledge of how to create meaningful 

learning environments and student learning outcomes (Darling-

Hammond, 2000; Hattie, 2009).  

 

Over the years, research has emerged and developed to meet the need 

for education concerning SD. Education for Sustainable Development 

(ESD) is a broad, dynamic, and complex concept that is present in 

policy documents and research (Karaarslan-Semiz, 2022). The 

UNESCO roadmap for ESD defines ESD as follows:  
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ESD is a lifelong learning process and an integral part of quality 
education that enhances cognitive, social and emotional and behavioral 
dimensions of learning. It is holistic and transformational and 
encompasses learning content and outcomes, pedagogy and the learning 
environment itself. (UNESCO, 2020, p.8). 

This thesis concerns teacher knowledge. From a broad perspective, 

teacher knowledge encompasses the entirety of a teacher’s 

understanding that informs decision-making and facilitates teaching 

actions during specific teaching instructions. Teacher knowledge is 

derived from various sources, such as theoretical academic knowledge 

and classroom experience, which become intertwined (Van Driel et al., 

2023). This thesis focuses on upper secondary science teaching: what 

content teachers highlight when teaching SD, how they apply and 

adjust it in a teaching situation, and their professional development for 

teaching SD. Exploring this is important because research indicates 

that many teachers have low self-efficacy when it comes to teaching SD 

(Evans et al., 2016; Redman et al., 2021) and experience uncertainties 

about teaching SD and achieving the learning outcomes (Andersson, 

2017). The chosen theoretical framework for this thesis is Pedagogical 

Content Knowledge (PCK), selected to provide structure and guidance 

for the research inquiry. PCK is the complex knowledge teachers 

develop through experience over time and is about teaching particular 

content in a specific way to improve students’ understanding (Gess-

Newsome, 2015). Shulman (1986) is the originator of the concept of 

PCK. In a simplified way, it can be asserted that a teacher’s pedagogical 

knowledge and content knowledge implemented in a particular context 

form the teacher’s PCK. The context constitutes the teaching 

environment as part of the current society. 

 

The most recent model of PCK, agreed upon by the research 

community, dates from 2019 and is called the Refined Consensus 

Model of PCK (RCM). It is distinguished by its three distinct realms of 

PCK that integrate with each other. These realms are the PCK enacted 

in the teaching situation, the PCK that is personal to each teacher, and 

the PCK that is held collectively (Carlson et al., 2019).  

 

The aim of this thesis is to capture science teachers’ PCK in teaching 

SD and provide insight into their PCK development by using reflection 

tools and collective reflective conversations. Former research (e.g. 
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Wongsopawori et al., 2017) shows that critical development pathways 

of PCK are individual and collective reflections. More specifically, the 

intention is to fill the research gap concerning: 

 

1. what content science teachers emphasise when teaching SD, 

and how they justify that content. 

2. how science teachers’ PCK in teaching SD can be captured 

and developed with a combination of reflection tools. 

3. in what ways science teachers adjust their teaching to 

different vocational education programmes when teaching 

SD. 

4. in what ways teacher teams in science can develop PCK for 

teaching SD via collective reflections. 

 

Finally, the overall research question for this thesis is: 

 

How can science teachers’ PCK related to teaching SD be captured and 

developed from individual and collective perspectives?  

 

As such, the thesis contributes to the research on PCK with a specific 

focus on teaching sustainability issues. 
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Background 

The forthcoming background section will present an overview of the 

theoretical foundation that forms this thesis’s underpinning. A 

historical narrative will be presented detailing the emergence and 

evolution of PCK, and the RCM, which represents the current model, 

will be explained. Research endeavours employing the RCM as a 

theoretical perspective will be elucidated. Additionally, various tools 

used for reflection, instrumental in capturing, articulating, and 

developing PCK, will be described. 

 

Subsequently, attention will be directed toward SD, its 

conceptualisation, and its prominence in educational policy 

documents. The progress of SD within educational policies will be 

outlined, leading to an exploration of the concept of ESD in both 

educational research and policy documents. Finally, there will be an 

exposition on how SD and ESD are integrated into the Swedish 

curriculum. 

 

 

Theoretical foundation 

The philosophical perspectives that form the basis of this thesis are 

mainly drawn from the reasoning of Vygotsky, Dewey and Schön and 

the sociocultural tradition. The sociocultural tradition originates in 

Vygotsky’s (1978, 1986) ideas on development, learning, and language 

(Säljö, 2020). A fundamental starting point is how individuals and 

groups acquire knowledge. During human history, there have been 

revolutionary changes in humans’ intellectual and physical skills. 

These changes can be explained by the tools with which humans 

observe and process the world and the collective knowledge humans 

have built together (Säljö, 2014). A basic conception for this is 

mediation. Vygotsky illustrated his concept of mediation with a simple 

triangle (Vygotsky, 1978). Mediation means that humans’ thinking and 

way of seeing the world have emerged from the prevailing culture. 

However, humans do not only react directly to stimuli from the outside 

world. Instead, we think with the help of cultural tools (Daniels, 2001; 

Säljö, 2010). Figure 1 shows Vygotsky’s original concept of mediation 

(Säljö, 2010, p. 25; Vygotsky, 1978, p. 54). A stimulus is any external 
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factor capable of eliciting a cognitive response or behavioural reaction. 

Mediating tools, however, function to bridge the gap between the 

stimulus and the ensuing reaction or response. 

 

 

Figure 1. Vygotsky’s concept of mediation. (Säljö, 2010, p. 25; Vygotsky, 1978, p.   

54).  

 

In Vygotsky’s concept of mediation there are two kinds of tools: 

psychological tools and physical tools. Psychological tools can also be 

expressed as internal, linguistic and mental tools (Vygotsky, 1978). 

Vygotsky used the term sign in the sense of having a meaning (Wertsch, 

1985). The physical tools are physical materials and can be, for 

example, a hammer or a pen. The psychological and the physical tools 

are connected and are prerequisites for each other as they develop 

within societies and cultural communities (Säljö, 2014).  

 

According to Vygotsky, the human mind consists of higher and lower 

mental processes (Vygotsky, 1978). The direct connection between 

stimuli and response (see Figure 1), Vygotsky considered to be lower 

mental processes/psychological reactions. Communication with other 

people shapes our thinking, and this is Vygotsky’s principle of the 

relationship between language and thought, which constitutes higher 

mental processes (Vygotsky, 1986). Higher mental processes are, for 

example, writing, problem-solving, and creativity. Such abilities can be 

understood with the help of the concept of mediation. With mediation, 

our thinking and conceptions of the world are born out of, and thus 

coloured by, our culture and its inseparable psychological and physical 

tools (Säljö, 2010, 2014; Wertsch, 1985). According to Daniels (2001), 
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the concept of mediation attempts to theorise and provide a 

methodological tool for investigating the processes by which social, 

cultural, and historical factors shape human functioning, learning, and 

development. Daniels (2001) claims that the concept of mediation is 

important for developing an understanding of pedagogy. Thus, 

learning from a sociocultural perspective draws attention to the three 

different but interacting phenomena: (1) development and use of 

psychological tools, (2) development and use of physical tools, (3) 

humans’ communication and cooperation in collective activities (Säljö, 

2014). Consequently, from a sociocultural perspective, knowledge is 

not measured by the amount of information an individual has acquired 

from books or other sources. Even if one possesses information, the 

step to knowledge is not obvious. Knowledge is a resource that helps 

one solve problems and effectively handle communicative and practical 

situations (Säljö, 2014). 

 

Another important part of the theoretical foundation in this thesis is 

learning from experience. The importance of learning from experience 

pervades many of Dewey’s texts. In his work ‘Democracy and 

Education’, Dewey expressed the connection between experience and 

communication: ‘Not only is social life identical with communication, 

but all communication (and hence all genuine social life) is educative. 

To be a recipient of a communication is to have an enlarged and 

changed experience’ (Dewey, 1916/1966, p. 5). 

 

In the fourth article in his ‘Pedagogical Credo’ (Dewey, 1980), he 

expressed the importance of learning from experiences. Also, in his 

book ‘Experience and Education’ (1938/1997), Dewey argued that 

genuine learning occurs through meaningful experiences. He 

advocated for teaching that connects classroom learning with real-life 

situations. As such, he asserted the necessity of forsaking some subject 

matter in favour of addressing the types of practical problems that 

students might encounter in society and claimed that what teachers 

teach in school must be useful for the students outside of school, and 

the experiences the students have in everyday life must be brought into 

school. He highlighted that experiences must be purposefully designed 

to promote learning. Experiences must involve reflection, problem-

solving, and active construction of knowledge in order to be educative. 
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Dewey wanted the teacher’s role to be more than a transmitter of 

knowledge. He posited that teachers should guide and support students 

in their exploration and discovery, creating an environment that 

encourages active participation; he wanted teachers to be facilitators of 

learning experiences. Furthermore, Dewey (1938/1997) highlighted 

the importance of social interaction: ‘The principle that development 

of experience comes through interaction means that education is 

essentially a social process. This quality is realized in the degree in 

which individuals form a community group’ (Dewey, 1938/1997, p. 58). 

 

To be able to learn from experiences, reflection is important; this 

applies to both teachers and students. In Dewey’s ‘How We Think’ 

(1933), he expressed his idea about reflective thinking as follows: 

We may carry our account further by noting that reflective thinking, in 
distinction from other operations to which we apply the name of 
thought, involves (1) a state of doubt, hesitation, perplexity, mental 
difficulty, in which thinking originates, and (2) an act of searching, 
hunting, inquiring to find material that will resolve the doubt, settle and 
dispose of the perplexity. (Dewey, 1933, p. 12). 

Dewey described reflection as a chain of thoughts consisting of five 

steps. The first step is an experience of difficulty. In the second step, 

intellectualisation, an intellectual processing of the experienced 

difficulty or perplexity is performed. A problem to be solved or a 

question for the answer that needs to be sought is formulated. The third 

step Dewey called hypotheses. Here, one suggestion after another is 

performed to initiate and guide different operations in a collection of 

factual material. The fourth step is reasoning. In this step, mental 

elaboration on the ideas is performed. In the fifth and final step, the 

hypothesis is tested by action. The described reflective process is 

cyclical, and the different steps can also slide into each other (Dewey, 

1933). 

 

Schön (1983) introduced the concept of ‘reflection-in-action’ and 

‘reflection-on-action’. Schön argued that professionals (teachers) often 

face complex situations where standard problem-solving approaches 

may not be sufficient. In such situations, individuals engage in the 

process of reflection-in-action, which involves adapting to changing 

circumstances and making decisions in real time. This type of reflection 
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is an ongoing, dynamic activity that occurs during the actual practice. 

The concept of reflection-on-action involves analysing past experiences 

after the fact. This retrospective reflection allows professionals to gain 

insights into their actions and relate them to the outcomes of their 

work. Teachers can identify tacit knowledge through reflection-on-

action. Tacit knowledge is a form of knowledge that is often difficult to 

articulate but is deeply embedded in an individual’s experience and 

intuition: ‘Our knowledge is ordinarily tacit, implicit in our patterns of 

action and in our feel for the stuff with which we are dealing. It seems 

right to say that our knowing is in our action’ (Schön, 1983, p. 49). 

According to Schön, reflection-on-action can help teachers make this 

tacit knowledge more explicit and accessible for further learning and 

improvement. 

 

Both Dewey and Schön’s standpoint was that to be able to learn from 

experiences, reflection is a prerequisite. In this thesis, to enable an 

investigation of teachers’ PCK concerning sustainability issues, the 

teachers who participated are asked to reflect on their teaching. PCK is 

strongly tied to the theoretical foundations described above. The 

theoretical framework of PCK has links to both Vygotsky’s concept of 

mediation and Dewey and Schön’s reasoning that humans learn from 

their experiences through reflection in such a way that teachers’ 

knowledge is developed through experience and reflection on teaching, 

which is found in the explanation of RCM.  

 

The following chapters will describe the origin of the PCK concept and 

how it has developed until today. It will also explain the RCM of PCK 

in more detail. After that, recent science education research connected 

to RCM is presented. Finally, the following chapter will address the 

vital importance of reflection in capturing, expressing, and developing 

PCK. 

 

 

The emergence and development of the concept of PCK 

Almost 40 years ago, Shulman (1986) introduced the concept of PCK, 

asserting that content knowledge and pedagogical knowledge are 

inseparable in promoting students’ learning (Shulman, 1986, 1987). 

Shulman provided a historical background from his perspective, 
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claiming that education in the 19th century solely focused on content 

knowledge, but by the end of the 20th century, education shifted to an 

emphasis on general pedagogical knowledge. Shulman highlighted the 

absence of integration between content knowledge and pedagogical 

knowledge as ‘…the missing paradigm’ (Shulman, 1986, p. 7). 

 

In his 1986 article, Shulman emphasised the importance of teachers’ 

understanding of how content knowledge applies in the teaching 

situation and its relation to the students’ learning processes. He 

described three different forms of knowledge constituting teachers’ 

professional knowledge: subject matter knowledge, PCK, and 

curriculum knowledge. In a subsequent article the following year, 

Shulman (1987) became more precise in his description of teachers’ 

professional knowledge. He identified seven fundamental categories 

for teaching: subject matter knowledge, general pedagogical 

knowledge, curriculum knowledge, PCK, knowledge of learners and 

their characteristics, knowledge of the educational contexts, and 

knowledge of educational ends, purposes, values, and their 

philosophical and historical grounds. He described PCK as: ‘That 

special amalgam of content and pedagogy that is uniquely the province 

of teachers, their own special form of professional understanding’ 

(Shulman, 1987, p. 8). 

 

He stressed that PCK is the teachers’ ability to guide the students to 

learn and understand the content profoundly and meaningfully: ‘It 

represents the blending of content and pedagogy into an 

understanding of how particular topics, problems, or issues are 

organized, represented, and adapted to the diverse interests and 

abilities of learners, and presented for instruction’ (Shulman, 1987, 

p. 8).  

 

In essence, Shulman emphasised that it is not the teachers’ content 

knowledge alone that is crucial, but the ability to transform and use this 

knowledge in teaching practice. Through PCK, Shulman sought to 

recognise and describe professional knowledge, a specialised 

knowledge that distinguishes teachers from other professionals 

(Shulman, 1986, 1987). 
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Shulman also introduced a model of pedagogical reasoning and action, 

illustrating how the teacher and their teaching are transformed 

through different stages of reasoning: comprehension, transformation, 

instruction, evaluation, and reflection. The reflection leads to new 

comprehension, creating a continuous loop (Shulman, 1987). 

Grossman re-examined Shulman’s ideas about pedagogical reasoning 

and action and added: ‘conceptions of purposes for teaching subject 

matter’ and ‘curriculum knowledge’ into the model (Grossman, 1990, 

p.5). 

 

Gess-Newsome (1999) continued Shulman’s work and presented two 

models of PCK that differed from each other, even though both models 

contained the following three categories of teacher knowledge: subject 

matter (i.e. content), pedagogy, and context. One was called the 

Integrative model, and the other was called the Transformative model. 

Gess-Newsome described the difference between the two models using 

an analogy to chemistry, where each model’s content, pedagogy, and 

context are put together in a beaker. The Transformative model can be 

compared to a chemical bond, where the various components cannot 

be easily separated. Accordingly, in the Transformative model, teacher 

knowledge can be explained as a new kind of knowledge from these 

three domains in a given situation. The Integrative model is instead 

associated with a mixture, where the parts are still chemically distinct, 

even though the visible effect is complete integration. However, the 

components (content, pedagogy, and context) can be easily separated.  

 

Another model presented by Magnusson et al. (1999) describes PCK as 

five coherent components: (a) orientation to teaching science; (b) 

knowledge of science curricula; (c) knowledge of student’s 

understanding of science; (d) knowledge of assessment in scientific 

literacy, and (e) knowledge of instructional strategies (Magnusson et 

al., 1999).  

 

Since Shulman’s introduction, the theoretical framework of PCK has 

developed over the years through debates and discussions among 

researchers (Hume et al., 2019). Numerous researchers (e.g. Gess-

Newsome, 2015; Magnusson et al., 1999; Park & Chen, 2012; Park & 

Oliver, 2008) have delved into how PCK develops and how this 
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development might be effectively supported. There is a shared belief 

among researchers that a well-developed PCK correlates with a high 

level of student achievement (e.g. Rollnick et al., 2008). In 2015, 

Shulman expressed humility in acknowledging the research 

community’s contributions to PCK, stating that the field had matured 

beyond his initial insights:  

In some ways I feel a little uncomfortable talking authoritatively about 
Pedagogical Content Knowledge now. I feel like the biological father of 
a baby that was raised in its infancy and then given away for adoption or 
foster care when about five years old. During the years that followed, the 
youngster was raised by many parents and played with many peers. Now 
that it has survived adolescence and reached emergent adulthood, most 
of you know far more about PCK than I possibly could because you have 
been living with, developing, elaborating, revising, and applying that set 
of ideas in serious research and pedagogical work. (Shulman, 2015. 
p. 3). 

However, as research expanded over the years, multiple interpretations 

and applications of the original concept emerged, potentially leading to 

inconsistencies and vagueness in the PCK concept (Hume et al., 2019). 

Abell (2007) identified this issue in her review of PCK research. She 

exhorted PCK researchers to interact and wanted researchers to use 

PCK more explicitly and coherently to frame their research studies. 

Chan and Hume (2019) followed up on Abell’s review of PCK research 

from 2007. They systematically reviewed the science education 

literature to identify how researchers investigated science teachers’ 

PCK from 2008 onward. The findings from the review revealed gaps in 

the PCK concept within the PCK research community, and variations 

in the way that researchers conceptualise and work with PCK. 

However, the model that has proven to be one of the most widely used 

among PCK researchers is Magnusson’s model from 1999 (Chan & 

Hume, 2019).  

 

In 2012, the first attempt was made to establish consensus on PCK as a 

coherent theoretical framework. More than 30 leading researchers 

from five continents gathered to share their work and learn from each 

other. Together, they endeavoured to crystallise the attributes of PCK, 

establish tools for measurement and analysis of PCK, and find out how 

the varied nature of research results concerning PCK can be explained. 

The outcome of the summit was the 2012 Consensus Model (CM), as 
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presented and elaborated in Gess-Newsome (2015). During the 

summit, the researchers also formulated a definition of PCK: ‘…the 

knowledge of, reasoning behind, and planning for teaching a particular 

topic in a particular way for a particular purpose to particular students 

for enhanced student outcomes’ (Gess-Newsome, 2015, p. 36). 

However, it became evident that PCK researchers appeared to interpret 

and operationalise the CM differently, including those who 

participated in the summit in 2012. Many variants and various 

components of PCK were still being used; consequently, PCK in science 

education continued to be described in very diverse ways (Hume et al., 

2019).  

 

Therefore, in 2016, an international group of leading PCK researchers 

gathered to discuss and learn from each other (the 2nd PCK summit) 

and to become more unified in their understanding of PCK. These 

discussions lead to the development of an improved PCK model, known 

as the RCM of PCK. Following the summit, a subcommittee 

collaborated with a graphic artist and developed a draft of the improved 

model based on the conclusions from the 2nd PCK summit. The draft 

model was presented to the National Association of Research in Science 

Teaching (NARST) in 2017 and further developed and presented to the 

European Association of Science Education (ESERA) in the same year. 

Ultimately, all international researchers in science education involved 

in PCK reached an agreement, leading to the creation of the RCM of 

PCK (Hume et al., 2019). 

 

 

Refined Consensus Model of PCK (RCM) 

The RCM of PCK focuses on the practice of science teaching and 

describes the complex knowledge and experience that shape and 

inform teachers’ science practice, mediating student outcomes in turn. 

RCM has three distinct realms of PCK: collective PCK (cPCK), personal 

PCK (pPCK), and enacted PCK (ePCK). Figure 2 displays the entire 

model, with explanations to the right (Carlson et al., 2019). The figure 

is followed by a description of the RCM, outlining its components and 

their interactions.  
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Figure 2. The Refined Consensus Model of PCK (RCM) (Carlson et al., 2019, p. 84). 

Reproduced with permission from Springer Nature. 

 

 

Enacted PCK (ePCK) 

When a teacher is planning, teaching, and reflecting on a lesson or 

simply engaging in the practice of science teaching, a teacher utilises 

ePCK (Carlson et al., 2019). ePCK focuses on specific and unique 

classroom situations and is the knowledge that underlies action. The 

interior layer of RCM is ePCK and it comprises three parts: plan 

(ePCKp), teach (ePCKt), and reflect (ePCKr), which are repeated in a 

circular process. When a teacher plans, carries out the teaching, and 

reflects (reflection-in-action and on-action), a teacher utilises ePCK 

(Alonzo et al., 2019).  

This ePCK is the specific knowledge and skills utilised by an individual 
teacher in a particular setting, with a particular student or group of 
students, with a goal for those students to learn a particular concept, 
collection of concepts, or a particular aspect of the discipline. (Carlson 
et al., 2019, p. 85). 



24 

 

 

The yellow icons in the inside layer of the model represent the students 

with whom the teacher interacts and the outcomes of those interactions 

(Carlson et al., 2019).  

 

At the centre of the RCM, a teacher icon represents the concept of 

pedagogical reasoning. Pedagogical reasoning implies that teachers’ 

knowledge of students’ understanding of a specific topic in a specific 

context provides the basis for choices and actions concerning goals, 

instructional strategies, and ways to assess students’ understanding 

(Henze & Barendsen, 2019). This description of pedagogical reasoning 

is broader than Shulman’s original pedagogical reasoning and action 

model. 

 

The plan-teach-reflect cycle occurs within two timescales. One focuses 

on a lesson, but it could also be another unit of instruction. Alonzo et 

al. (2019) describe this cycle as the ‘macro’. During the lesson, or in 

other words, inside the macrocycle, there are several ‘micro’ cycles. The 

microcycles include all the unplanned instructional moves the science 

teacher makes in action. In the macrocycle, a teacher plans the lesson, 

then teaches the lesson, and finally reflects on the lesson (both the 

macrocycle and the microcycles) and the students’ learning during the 

lesson. When reflections are made explicit, ePCK is articulated and 

enriches the teacher’s pPCK (Alonzo et al., 2019). 

 

Thus, through the constant generation of ePCK, reflected teaching 

experience can lead to changes and development in both science 

teachers’ ePCK and pPCK, as symbolised in Figure 3 from Alonzo et al. 

(2019). As a prerequisite, a teachers’ pPCK provides the basis for the 

ePCK at each step of the cycle of plan-teach-reflect. The teacher’s 

knowledge from past teaching experiences and professional 

development serves as a resource. In Figure 3, the dark blue arrows 

represent this conserved knowledge (pPCK), which points inwards 

towards the ePCK. The light blue arrows pointing outwards from each 

stage of the plan-teach-reflect cycle represent the creation of ePCK into 

both explicit and tacit forms of pPCK. Thus, ePCK moves into pPCK 

and will be a part of the knowledge available for future planning, 

teaching, and reflecting for the teacher (Alonzo et al., 2019). 
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Figure 3. The figure visualises the relationships among the ePCK stages and the 

knowledge exchange between pPCK and ePCK and vice versa (Alonzo et 

al., 2019, p. 277). Reproduced with permission from Springer Nature. 

 

Accordingly, the inner part of RCM demonstrates that the pedagogical 

reasoning occurring during all aspects of teaching is unique to each 

teacher and every teaching moment. When a teacher plans, teaches and 

reflects (ePCK), that specific process mirrors and depends on the 

teaching context, the teacher’s interaction with the students, the 

teacher’s particular understanding of the science subject matter, and 

the teacher’s pedagogical knowledge, experience and skill (Carlson, 

2019). 

 

 

Personal PCK (pPCK) 

From the inner layer of ePCK, a bi-directional arrow leads to the second 

layer, pPCK. In RCM (see Figure 2), these arrows symbolise the two-

way knowledge exchange operating in both directions. A teacher’s 

pPCK is the cumulative PCK of an individual teacher, containing 

reflections of the teacher’s teaching and learning experiences. The 

teachers’ experiences are accompanied by contributions from others. 

The model’s transparent white icons symbolise the contributions of 

teaching colleagues, educational researchers, scientists, and other 

specialists in the form of professional exchanges, journal articles, social 

media, coursework, and professional learning experiences. The 

transparent yellow icons in the model illustrate contributions from all 
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students the teacher has taught throughout their career (Carlson et al., 

2019).  

 

A teacher’s pPCK includes both explicit and tacit knowledge and is 

unique to each science teacher (e.g. Alonzo et al. 2019). The pPCK 

serves as a reservoir of knowledge and skills that the teacher uses for 

the ePCK. The teacher’s pPCK is a specialised knowledge because it is 

developed, shaped, and refined over time. Various processes contribute 

to developing pPCK, such as formal education, teaching experiences, 

and professional sharing and reflection (Carlson et al., 2019).  

 

 

Learning Context 

In RCM, the learning context symbolises that science learning and 

teaching always take place in a specific setting. The context is shaped 

by a multitude of factors categorised into three main groups: the 

broader educational climate, the specific learning environment, and 

individual student attributes. An example of factors in the broader 

educational climate is national standards. Examples of factors in the 

specific learning environment encompass the school and classroom, 

while characteristics of individual student attributes consist of 

language proficiency, prior experiences, cultural beliefs, and 

developmental readiness. The learning context in RCM is represented 

by a layer situated between pPCK and cPCK. This layer symbolically 

situates science teaching and learning in space and time, serving as an 

amplifier and a filter that may inform an individual teacher’s PCK. 

Teachers need to possess a deep knowledge of the learning context in 

which they operate, which encompasses knowledge of both central and 

peripheral contexts. Finally, the learning context separates a teacher’s 

pPCK from cPCK, which will be described next (Carlson et al., 2019).  

 

 

Collective PCK (cPCK) 

From the learning context in the RCM, a bi-directional arrow leads to 

the layer of cPCK. As mentioned before, the arrow symbolises 

knowledge exchange. The cPCK refers to PCK knowledge that is not 

private to a teacher; instead, the knowledge is public and held 
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collectively. The transparent blue icon in Figure 2 symbolises the 

teacher’s contribution to the development of cPCK. The model’s 

transparent white icons represent the contribution of teaching 

colleagues and scientists. The cPCK is a specialised knowledge base for 

science teaching that is articulated and shared among researchers, 

teachers, and other education professionals. The knowledge can be 

understood on an overall level, such as the collected research. The 

knowledge can also be understood as a local cPCK, created when 

science teachers collaborate and learn from each other (Carlson et al., 

2019).  

A significant insight to research on teachers’ PCK for science teaching 
drawn from the RCM is the importance of professional communities and 
shared expertise to the development of PCK. This insight implies 
collaborative interactions among teachers become essential for the 
development of a teacher’s PCK for science teaching because those 
interactions encourage teachers to make their knowledge public and 
understood by colleagues. (Park, 2019, p. 128). 

PCK can be specified in both broad and narrow ways. It can range from 

discipline-specific to topic-specific to concept-specific. Three examples 

of what are described by Carlson et al. (2019): 

 

- Knowledge of how to introduce students to scientific 

argumentation (discipline-specific PCK) 

- Knowledge of typical conceptions held by students about 

photosynthesis (topic-specific PCK) 

- Knowledge of strategies to help students understand the 

concept that matter is neither created nor destroyed (concept-

specific PCK) 

 

The different specifications of PCK (discipline-topic-concept) are 

shown only in the cPCK realm in the RCM; however, it is also relevant 

for teachers’ pPCK and ePCK (Carlson et al., 2019). 

 

 

Professional Knowledge Bases 

The outermost layer in Figure 2 represents different aspects of 

teachers’ broader professional knowledge base. These knowledge bases 

are essential and lay the basis for teachers’ PCK. Content knowledge 

has the largest share of the layer, describing the academic content of a 
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given discipline, such as biology, chemistry, and physics. Content 

knowledge refers to the part of teachers’ subject matter knowledge 

relevant to the teaching task (Carlson et al., 2019). 

 

In addition to content knowledge, there are four more knowledge bases 

in the RCM: knowledge of students, curricular knowledge, assessment 

knowledge, and pedagogical knowledge (Carlson et al., 2019). 

Knowledge of students pertains to teachers’ knowledge of students’ 

cognitive development and variations in their approaches to learning. 

Curricular knowledge is about teachers’ knowledge of the curriculum, 

encompassing its goals, structures, scope, and sequence. Assessment 

knowledge encompasses teachers’ knowledge of formative and 

summative assessments, including the design of assessments and 

actions taken based on assessment data. Pedagogical knowledge relates 

to teachers’ general skills in teaching. For instance, it encompasses 

teachers’ knowledge and skills in learning theories and classroom 

management (Chan & Hume, 2019). It is worth noting that the RCM 

has been influenced by the model of Magnusson et al. (1999), as the five 

knowledge bases in RCM closely resemble the five components of PCK 

for science teaching highlighted in their model.  

 

 

RCM of PCK in science education research 

The development of the RCM in the research community was 

accompanied by a clear intention for its utilisation: ‘Now, it is time to 

test the model’ (Carlson et al., 2019, p. 93). In a subsequent study, 

Mientus et al. (2022) reviewed previous studies to systematise existing 

science education research on PCK through the lens of RCM. They 

concluded that the results of the reviewed studies could mostly be 

integrated into the RCM. Furthermore, they argued that the RCM can 

serve as a meaningful theoretical lens for conceptualising links between 

teaching practice and PCK development.  

 

Researchers have mainly used RCM as a theoretical framework but 

also, in some cases, as an analytical framework. Elements, such as 

particular realms of PCK or aspects related to RCM as a whole, have 

been examined (e.g. Behling et al., 2022b; Mazibe, 2023; Mönch & 
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Markic, 2022; Sing et al., 2021). Research that relates to RCM will now 

be described.  

 

 

Research focused on ePCK and pPCK 

This subchapter addresses research centred on the inner part of RCM 

and the realm of ePCK and its relation to pPCK. Some studies 

exclusively concentrate on ePCK, while others examine the knowledge 

exchange between ePCK and pPCK. Various studies have different 

focuses, such as the age group of students, whether the teachers are 

pre-service teachers or in-service teachers, the teaching and learning 

content under investigation, and the employed research methodology. 

Initially, five papers that investigated pre-service teachers’ ePCK and 

pPCK are addressed: Koberstein-Schwarz and Meisert (2022), 

Kulgemeyer et al. (2020), Behling et al. (2022b), Mazibe (2023), and 

Coetzee et al. (2022).  

 

Koberstein-Schwarz and Meisert (2022) investigated ePCK and pPCK, 

focusing on lesson planning of pre-service biology teachers. They 

analysed 19 think-aloud protocols for planning processes and found 

that knowledge about student thinking as an aspect of PCK often 

occurred in the pre-service teachers’ lesson planning. Furthermore, 

they used the knowledge when they planned student activities. 

 

Kulgemeyer et al. (2020) focused on pre-service teachers as well. Their 

research examined the relationship between professional knowledge 

and actions when conducting pre- and post-field experiences on 47 pre-

service physics teachers. They stated that professional knowledge is 

necessary for developing action-related skills in explaining physics. 

Moreover, they claimed that pPCK affects ePCK, as comprehensive 

professional knowledge at the beginning of the field experience 

impacted the development of explaining skills during the field 

experience. 

 

Behling et al. (2022b) focused on the pPCK and ePCK aspects when 

they analysed how to improve pre-service biology teachers’ pPCK 

regarding academic and scientific language. Based on the theoretical 

framework of RCM, the participants in the project underwent training 
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within the plan-teach-reflect cycle of ePCK. In a control group, the 

teaching concerning the reflect cycle was substituted with 

presentations of lesson plans. The research findings showed a 

development of the pPCK of pre-service biology teachers who 

underwent training in the plan-teach-reflect cycle of ePCK. 

Consequently, the researchers advocate using the plan-teach-reflect 

cycle of ePCK as a recommended approach for fostering the 

development of teachers’ pPCK.  

 

Mazibe (2023) investigated pre-service teachers’ PCK in electrostatics. 

The RCM of PCK served as a theoretical framework; however, the 

concepts ePCKp and ePCKt were in focus. Because PCK is often tacit, 

Loughran et al. (2004) developed the reflective tool Content 

Representation (CoRe) to meet the need for an articulated PCK. The 

CoRe tool will be explained in more detail in the chapter Promoting 

reflection on practice, but it is mentioned now as researchers have used 

it in the research. Lesson planning forms, CoRe and classroom 

observations were used as instruments to collect data. The findings 

revealed multiple misalignments between ePCKp and ePCKt in the pre-

service teachers’ teaching about electrostatics. Pedagogical factors for 

the misalignment, such as interactions with learners and management 

of time for teaching concepts, were discussed.  

 

Coetzee et al. (2022) used CoRe to capture how three pre-service 

science teachers applied the knowledge acquired from a physical 

science method course during their initial instruction of 

electromagnetism. The study specifically concentrated on the pre-

service teachers’ ePCK. Data for the study were collected through the 

use of CoRe, lesson observations, and interviews. The results revealed 

that constructing CoRe, teaching the topic, and reflecting on their 

teaching during interviews significantly contributed to an enhanced 

understanding of conceptual teaching strategies among the pre-service 

teachers.  

 

CoRe was not just used as a method in research focusing solely on pre-

service teachers. Papantonis Stajcic and Nilsson (2024) focused on in-

service teachers in their research. They employed the RCM of PCK as a 

theoretical framework for analysing preschool teachers’ considerations 



31 

 

 

for including digital tools in science teaching to develop children’s 

learning of science content. The teachers’ considerations for having 

digital tools involve accessing learning, stimulating engagement, and 

making abstract things more tangible. The considerations concerned 

teachers’ pPCK and ePCK aspects. 

 

Like Papantonis Stajcic and Nilsson (2024), Buma and 

Nyamupangedengu (2023) focused on in-service teachers and used 

CoRe in their research investigating ePCK. Buma and 

Nyamupangedengu (2023) explored the potential benefits of learning 

fundamental genetic concepts. Their investigation employed a 

qualitative case study approach grounded in the RCM of PCK, 

specifically emphasising ePCK. Data collection for this study comprised 

CoRe, video-recorded lectures, and interviews conducted over three 

years, focusing on a single teacher, a teacher educator. The research 

findings revealed that the ePCK demonstrated in both planning and 

teaching by the conclusion of the three years reached a high level of 

quality, with enriched explanations and learning tasks such as the 

sequencing of concepts and well thought out instructional 

representations.  

 

Heidbrink and Weinrich (2021) performed research with university 

teachers as participants. They undertook a qualitative interview study 

exploring the comprehension and perspectives of seventeen chemistry 

teachers concerning metacognition in the context of university-level 

chemistry teaching. The research explored the teachers’ pPCK and its 

impact on their ePCK, particularly in terms of their students’ 

metacognitive development. The study also documented the methods 

employed by the teachers in fostering metacognition among students 

during foundational education in chemistry at the university level.  

 

The last paper in this subchapter highlights the importance of content 

knowledge in the development of teachers’ PCK: Sing et al. (2021) 

focused on the development of teachers’ ePCK during their first three 

years of teaching. The researchers performed a longitudinal cross-case 

study with semi-structured interviews and classroom observations. 

The development of ePCK among a group of in-field science teachers 

was compared with a group of ‘out-of-field’ science teachers. Out-of-
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field is a term that refers to teachers who are assigned to teach subjects 

and year levels when they have little or no education for it. The findings 

showed that the out-of-field science teachers exhibited less developed 

ePCK and more inconsistencies in their ePCK than in-field teachers.  

 

 

Research focused on cPCK and pPCK 

This subchapter addresses research centred on the outer part of RCM 

and the realm of cPCK. Some studies exclusively concentrate on cPCK, 

while others examine the knowledge exchange between cPCK and 

pPCK. Here too, the CoRe tool is used in research to capture PCK for 

these realms of PCK.  

 

Buldu and Buldu (2021) investigated PCK of pre-service preschool 

teachers, specifically focusing on their cPCK and pPCK. The research 

employed a case study methodology involving 36 teachers enrolled in 

a 13-week science-focused course. At the beginning of the course, the 

participants’ prior knowledge of scientific processes was individually 

assessed through a questionnaire and an interview. After the case 

study, post-interviews and the questionnaire were re-administered. 

Additionally, the teachers collaborated to complete a CoRe, a task 

centred around their science activities and designed at the culmination 

of the science course. The findings of the study revealed that the 

development of both the teachers’ pPCK and cPCK was facilitated by 

the science-focused course and the collaborative design of the CoRe.  

 

Cooper et al. (2022) also focused on pPCK and cPCK in their research. 

They employed a qualitative research design utilising a reading group 

to examine the evolution of pPCK and cPCK. The outcomes indicated 

that participation in the reading group played a pivotal role in 

cultivating both pPCK and cPCK. This was achieved by establishing 

conditions conducive to meaningful connections between theory and 

practice, fostering the adoption of an inquiry stance as a method for 

purposeful engagement with professional knowledge, and initiating a 

transformative shift in the contemporary understandings of science 

and science education among the teachers.  
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Another researcher, Ellebæk (2021), focused on cPCK and its influence 

on pPCK. He used teacher narratives to gain deeper insights into local 

collegial collaboration. The teachers view the collective knowledge 

structures in PCK as crucial to their own perceived development of 

PCK. 

 

Vergara et al. (2024) conducted a qualitative study that aimed to 

describe the development of cPCK and pPCK concerning evolution. A 

cPCK map was generated with expert biology teachers and scholars. 

The map was then used to assess the pPCK development of a group of 

seven biology teachers.  

 

The two last studies highlighted in this subchapter solely investigate 

the realm of cPCK but are about different angles of incidence. Mok and 

Park (2022) conducted a case study focusing on the development of 

cPCK through a lesson study approach. The research aimed to 

investigate how engaging in a lesson study could contribute to the 

development of cPCK among primary teachers involved in teaching 

mathematics. The findings demonstrated that the lesson study 

approach facilitated the development of cPCK. The interactions among 

teachers during the study prompted profound reflection, leading to a 

clearer understanding of mathematical concepts.  

 

Frågåt et al. (2021) used RCM of PCK with a specific focus on the 

concept of cPCK, coupled with Rollnick and Mavhunga’s (2017) 

framework as a theoretical lens and for thematic coding to investigate 

how pre-service and in-service teachers describe and reflect on the 

qualities of a good science teacher. Rollnick and Mavhunga’s (2017) 

framework consists of five components of knowledge that are 

important in teaching any science topic: (1) learners’ prior knowledge, 

(2) curricular saliency, (3) what makes the learning of specific topics 

difficult or easy, (4) representations, and (5) teaching strategies. The 

data came from a questionnaire followed by interviews. The findings 

revealed that both pre-service and in-service teachers emphasised 

science content knowledge as important. Furthermore, in-service 

teachers emphasised external factors such as working conditions when 

discussing the attributes of a competent science teacher.  
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Research focused on all three realms of PCK in RCM 

Few research papers have focused on all three realms of PCK and the 

knowledge exchange between them. However, Groening et al. (2023) 

conducted a study to investigate the knowledge exchange from cPCK to 

pPCK and from pPCK to ePCK. The study focused on teachers’ PCK in 

the context of environmental sustainability, specifically addressing 

issues related to the extraction of metals and mining. Data were 

gathered from six chemistry teachers through a pre-intervention 

questionnaire and a post-intervention questionnaire conducted after 

an online professional development programme. Interviews and a 

lesson planning template were also used as instruments. The findings 

of the study showed that the intervention resulted in an improvement 

in the quality of the teachers’ PCK concerning the teaching of extraction 

of metals. However, the development of pPCK varied among the 

teachers, with not all reaching the same level of proficiency. The 

authors underscored the significance of ongoing professional 

development for teachers.  

 

In another research paper, Behling et al. (2022a) analysed potential 

filters that moderate the transformation process between the realms of 

PCK in the RCM. Employing a research design featuring pre-tests and 

post-tests, the researchers examined 58 pre-service biology teachers. 

Their investigation identified filters and elucidated their roles between 

cPCK and pPCK, as well as between pPCK and ePCK, with a specific 

emphasis on language within the domain of biology education. They 

found that the only filter that had an important role was the variable 

knowledge-based reasoning filter; it moderated the transformation 

process between pPCK and ePCK. 

 

Other researchers used the result of investigation of the three realms of 

PCK to suggest a modified model of the RCM. For example, Irmer et al. 

(2023), investigated relationships between the different realms of PCK 

for pre-service biology teachers according to the RCM. They conducted 

a pre-post study and used a video-based simulated learning 

environment during the intervention. The findings showed that only 

the participants that received scaffolds that referred to their pPCK 

significantly improved from the pre-test to the post-test, not the cPCK 

nor the ePCK. Therefore, Irmer et al. (2023) have suggested a 
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modification of the RCM as an alternative point of view in the RCM of 

PCK, but not a replacement for the RCM. The modified model they 

suggest has pPCK in the centre as they, according to their findings, 

assume that more focus on the pPCK could help understand how 

teachers acquire and organise PCK.  

 

 

RCM-based research beyond the realms of PCK 

Aspects of teachers’ broader professional knowledge bases are shown 

as the outer layer in RCM (Figure 2). These knowledge bases are 

essential for teachers’ PCK, and some researchers have focused on one 

or several of those aspects.  

 

Mönch and Markic (2022) employed RCM as an analytical framework 

in their review paper, which encompassed an examination of 35 

research papers pertaining to teachers’ Pedagogical Scientific 

Language Knowledge. Their primary approach involved using the 

professional knowledge bases in the outer layer of the RCM as the 

foundation for their analytical framework. The findings showed that all 

the professional knowledge bases in the RCM are essential factors for 

teachers’ Pedagogical Scientific Language Knowledge, which was 

characterised by scientific language role models, specific methods and 

tools, providing a discursive classroom, communicating expectations 

clearly, scaffolds for scientific language development, multiple 

resources and representations, explicating scientific language, and 

developing the concept first. 

 

Similarly, Schiering et al. (2023) analysed 427 observations of pre-

service physics teachers to gain insight into how PCK development can 

best be supported during teacher training. They referred to RCM as a 

theoretical ground, and the results showed that teachers’ content 

knowledge is crucial for developing PCK, which applies regardless of 

the level of development the pre-service teacher is at. 
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Research that integrated RCM with other research models 

Some researchers have integrated the RCM with other research 

models. For instance, Wu and Yezierski (2022) acknowledged the 

centrality of lesson planning within the RCM but identified it as an area 

that lacks thorough exploration. They merged the RCM with additional 

theoretical frameworks to address this, creating their own construct 

called PedChemSense. This innovative approach aims to assist teachers 

in crafting opportunities that enhance their students’ conceptual 

understanding of chemistry. 

 

Similarly, by employing a hybrid framework, Buma and Sibanda 

(2022) delved into the ePCK related to teachers’ planning. This 

framework amalgamates elements from the RCM and incorporates 

topic-specific PCK components adapted from Miheso and Mavhunga 

(2020). Through this blended approach, the researchers sought a 

comprehensive understanding of how teachers conceptualise and 

implement their PCK in the planning phase.  

 

Finally, Vollebregt et al. (2021) had a framework for their research 

analysis based on the RCM, with a specific focus on the different realms 

of PCK in a combination of components based on the Grand Rubric 

(Chan et al., 2019) and the Topic Specific Pedagogical Content 

Knowledge Model of Mavhunga and Rollnick (2013). Their qualitative 

case study investigated the effect of in-service teacher training 

concerning the topic of waves.  

 

 

Summary of the presented research  

The question is what the commonalities are across the research studies 

that used RCM and what the benefits are of using it. Although the 

studies presented above focus on a variety of content and areas of 

activity, they have in common that they demonstrate captured PCK in 

various forms and, in many cases, also the development of PCK. The 

empirical studies have in common that they use different tools for 

reflection to make PCK explicit and for it to be enriched and developed. 

These might be reflective interviews, with or without a video-recorded 

lesson as support, training of the plan-teach-reflect cycle, the CoRe 
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tool, and local collegial collaboration. A key commonality is that the 

RCM framework is a support in creating meaningful connections 

between theory and practice. 

 

It can be stated that since the RCM was created in 2019, the model has 

been used in several research projects. Carlson et al.’s (2019) call for it 

to be tested has thus been granted. However, five years after its 

publication, only a few studies have covered the entire RCM. Instead, 

most studies focus on a limited part of RCM – for example, the 

knowledge exchange between two PCK realms. The four papers 

included in this thesis have also focused on different parts of RCM. 

Still, together, they create a whole where the entire RCM is considered, 

with a joint focus on teaching SD in science education at upper 

secondary school. Hence, this thesis provides an important 

contribution to the research field of PCK and science education. 

 

As previously emphasised, reflection has long been regarded as a basis 

for developing PCK. The next chapter will describe this vital part.  

  

 

Promoting reflection on practice 

As described in the theoretical foundation chapter, Schön (1983) has 

delved into the power of reflection for growth in professional life. As 

reflection is regarded as a basis for developing PCK, Park and Oliver 

(2008) extended Schön’s concepts of reflection-in-action and 

reflection-on-action to include knowledge. They found that what the 

teacher does in the classroom, the enactment, is informed by 

‘knowledge-on-action’ but also involves decision-making on the spot 

and therefore requires ‘knowledge-in-action’.  

 

Many PCK researchers have pointed out the great importance of 

reflection. For example, Wongsopawori et al. (2017) show that teachers 

who reflect on student learning develop understandings that help them 

select and apply instructional strategies to promote students’ learning 

further. Reflective discussions with teacher colleagues also prompt 

PCK development. However, as mentioned earlier, the development of 

PCK is a complex phenomenon and this knowledge is often not readily 

accessible to the teacher or easy to share with others. To meet the need 
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for an articulated PCK, Loughran et al. (2004) developed the reflective 

tool CoRe. The researchers saw PCK as a tacit form of teachers’ 

professional knowledge that was usually subject-, person- and context-

specific. They wanted to develop ways to capture, document, and 

portray this knowledge so that it might be useful from a teacher’s point 

of view (Cooper et al., 2015). Loughran et al. (2004) believed that CoRe 

would create opportunities for sharing this knowledge within the 

professional community in a useful and valuable way for science 

teachers, as well as for teacher educators and researchers. The way the 

researchers developed the CoRe tool was firstly to create sets of 

questions (or prompts). The questions took a long time to develop and 

refine (they worked with over 50 science teachers over two years) and 

were derived from carefully listening to what teachers considered 

influential in shaping their thinking about teaching. After that, the 

researchers introduced the notion of ‘Big Ideas’. The combination of 

Big Ideas and the questions in a table form led to the development of 

CoRe (Cooper et al., 2015; Loughran et al., 2004).  

 

As such, CoRe (Figure 4) supports and facilitates the teachers’ 

reflections on how to teach specific subject content to promote 

students’ learning (Nilsson & Loughran, 2012). The tool’s design 

implies that science teachers articulate Big Ideas in a topic area and 

respond to eight reflective questions for each Big Idea (Loughran et al., 

2004; Nilsson & Loughran, 2012). The Big Ideas represent the central 

idea and concepts within a particular science topic area. Addressing a 

topic by identifying Big Ideas is often challenging and complex for 

teachers, but it is a valuable approach for developing PCK. This process 

aids in gaining a deeper comprehension of the fundamental essence of 

the content being taught (Nilsson & Loughran, 2012). Additionally, the 

utilisation of Big Ideas empowers teachers to construct pedagogically 

potent episodes for students, as highlighted by Mitchell et al. (2017). 

The questions cover what the students are supposed to learn about the 

Big Idea, why this is essential to know, and what teaching procedures 

should be used to teach these ideas (see Figure 4). To sum up, CoRe is 

a reflection tool that aims to strengthen the teachers’ ability to make 

PCK explicit (Bertram & Loughran, 2012; Loughran et al., 2004; 

Mitchell et al., 2017). 
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Since the development of CoRe, many teachers have used the tool to 

aid them in planning, and it has been used as an activity to strengthen 

teachers’ professional development. CoRe has also been used to 

develop pre-service teachers’ PCK in teacher education (Cooper et al., 

2015; Nilsson & Karlsson, 2019). Many science education researchers 

have used it as a research tool for collecting data (e.g. Buldu & Buldu, 

2021; Buma & Nyamupangedengy, 2023; Coetzee et al., 2022; Mazibe, 

2023; Papantoins Stajcic & Nilsson, 2023). Research describes CoRe as 

successful since it clarifies and makes visible different dimensions of 

and connections between knowledge of content, teaching, and learning 

about a specific topic area in science (Bertram & Loughran, 2012; 

Hume & Berry, 2013; Kind, 2009; Mazibe et al., 2020; Nilsson & 

Loughran, 2012; Nilsson & Karlsson, 2019). 

 
Topic area Big Idea 1 Big Idea 2 Etc. 

What do you intend the students to learn about 

this idea? 

   

Why is it important for students to know this?    

What else do you know about this idea (that you 

do not intend students to know yet)? 

   

What are the difficulties/limitations connected 

with teaching this idea? 

   

What is your knowledge about students’ thinking 

that influences your teaching of these ideas? 

   

Are there any other factors that influence your 

teaching of these ideas? 

   

What are your teaching procedures (and 

particular reasons for using these to engage with 

this idea)? 

   

Specific ways of ascertaining students’ 

understanding or confusion around this idea 

(include a likely range of responses). 

   

 

Figure 4. A CoRe template (Loughran et al., 2004, p. 376). 

 

Another tool that can be used to stimulate reflection is video. Some 

studies have been conducted on how in-service teachers can develop 

their PCK using video reflections. For example, Alonzo and Kim (2016) 

explored video-stimulated interviews to elicit in-service physics 

teachers’ PCK, particularly as used ‘in action’. Chan and Yung (2015) 

investigated how in-service teachers develop their PCK through 

reflection-in-action with the support of video. Krepf et al. (2018) also 
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used video-recorded lessons as a tool to stimulate reflection; however, 

they used another teacher’s lesson instead of the teachers who 

participated in the study. They sought to answer the question of what 

knowledge novice teachers activated, compared to expert teachers, 

when assessing a video-recorded lesson concerning its effectiveness for 

learning, related to PCK components suggested by Shulman (1987). 

Consequently, research shows that video is a successful tool for 

stimulating reflection, as it can capture and develop PCK successfully 

for in-service teachers.  

 

Nilsson and Karlsson (2019) investigated how CoRe, in combination 

with video reflection, can be used to identify pre-service teachers’ 

professional knowledge. Their results indicated that the combination 

of tools is successful in building and structuring pre-service teachers’ 

reflection-on-action, as they could connect their reflections to 

components of PCK and see connections between them.  

 

This thesis investigates how combined video and CoRe can support in-

service teachers in developing their PCK. Another means of reflection 

used in this thesis is collective reflection in order to investigate cPCK 

and pPCK. Collective reflections have been used in research on how 

participation in learning studies and lesson studies (Bravo & Cofré, 

2016; Mok & Park, 2022; Mårtensson, 2019; Nilsson, 2014) influence 

teachers’ PCK. However, more research is needed, according to Park 

(2019), who emphasised ‘little is known about how teachers’ PCK 

evolves through interaction with other members of the profession’ (p. 

126). 

 

 

Summary of PCK as the theoretical framework of the thesis and 

its connection to the theoretical foundation 

In conclusion, in this thesis, PCK is used as a theoretical framework to 

achieve the aim and answer the research question. Shulman expressed 

PCK as teachers’ special professional understanding when they 

uniquely blend content and pedagogical knowledge. He explained PCK 

as an amalgam (Shulman, 1987), combining different components of 

knowledge to form a new whole. Reviews have been conducted to see 

patterns and gaps in PCK research (Abell, 2007; Chan & Hume, 2019). 
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Attempts to establish PCK as a coherent theoretical framework were 

made in 2012 with the CM of PCK. However, in time, PCK researchers 

interpreted and operationalised the CM differently, so many variants 

and components of PCK were still being used. Therefore, in 2019, the 

RCM of PCK was developed at the 2nd PCK summit.  

 

Since the creation of the RCM in 2019, research has been produced that 

has used the RCM as a theoretical and analytical framework (e.g. 

Behling et al., 2022b; Mazibe, 2023; Mönch & Markic, 2022; Sing et 

al., 2021). However, research has mainly been conducted regarding 

parts of RCM, such as one of the realms of PCK. Research that includes 

the whole model appears to be sparse so far.  

 

PCK is often described as tacit knowledge, which develops in a complex 

way and is thus difficult to capture and describe both to the teachers 

themselves and others. Reflection in various ways has proven valuable 

in transforming this tacit knowledge into explicit knowledge. Loughran 

et al. (2004) developed the reflection tool CoRe for this purpose, and it 

is widely used in PCK research worldwide (e.g. Bertram & Loughran, 

2012; Hume & Berry, 2013; Kind, 2009; Mazibe, 2023; Papantonis 

Stajcic & Nilsson, 2024). In addition, video is another widely used tool 

to stimulate reflection (e.g. Alonzo & Kim, 2016; Krepf et al., 2018). 

 

Three concepts highlighted in the theoretical foundation of this thesis 

make the connection to the theoretical framework of PCK visible: 

mediation, reflection, and experience. Mediation (Vygotsky, 1978) 

means that humans do not react directly to stimuli but use mediating 

tools in the form of psychological tools and external physical tools. The 

CoRe and video can be seen as both physical and psychological tools in 

Vygotsky’s concept of mediation. When teachers receive a stimulus 

outside themselves, it does not lead directly to a reaction or response; 

instead, mediating tools are used. CoRe is a physical tool as it consists 

of a piece of paper that is filled in with a pen or using a computer. At 

the same time, it is also a psychological tool because teachers use 

mental and linguistic abilities when completing the CoRe. One can 

reason similarly about video as a tool for reflection. Reflection is a 

prerequisite for developing PCK, and with regard to reflective thinking, 

Dewey (1933) and Schön (1983) are predecessors. The importance of 
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learning from meaningful experience is one of the pillars of Dewey’s 

(1938/1997, 1980) reasoning. The concept of experience can be applied 

to teachers themselves: they need to experience teaching, which they 

then reflect on, alone or with others, to learn and develop in the 

profession. The concept of experience can also be applied to the design 

of teachers’ teaching. Dewey believed that it is important that teachers 

design their teaching to deal with the issues that students will 

encounter in society. Dewey wanted the teacher’s role to be more than 

just transmitting knowledge, as he believed that teachers should create 

a learning environment that encourages students to participate actively 

in social interaction with others (Dewey, 1938/1997). This leads to the 

next aspect of the background to this thesis: science education focused 

on sustainability issues. Because, precisely as Dewey emphasised, 

creating experiences and active participation of students concerning 

real issues in society and social interaction with others is something 

that sustainability education research highlights. The next chapter will 

deal with sustainability issues in an educational context. First, an 

overall description of SD and ESD and its emergence is given, and then 

a brief description of research regarding ESD is given. Finally, an 

account is given of SD in the Swedish curricula. These three parts 

provide a background to the complex content the participating teachers 

in the thesis work with and how this may affect their PCK. It is 

important to remember, when reading the next chapter, that the 

theoretical framework in the foreground of this thesis is PCK, with a 

particular focus on RCM as a theoretical lens.  

 

 

A brief overview of the concepts of SD and ESD in policy 

development and research 

In 1972, the United Nations Conference on the Human Environment in 

Stockholm focused on environmental concerns. In the following years 

after the conference, the awareness grew that more exploration of the 

inter-relationships between the environment and socio-economic 

issues was needed (UNESCO, 2006). In 1977, the UNESCO 

Intergovernmental Conference on Environmental Education in Tbilisi 

brought new ideas on integrating environmental awareness into 

education (Cars & West, 2015). The concept of SD was introduced for 

the first time in the document ‘World conservation strategy: Living 
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resource conservation for sustainable development’ (International 

Union for Conservation of Nature and Natural Resources, 1980). The 

introduction to this thesis quotes the definition of SD formulated by the 

UN in 1987, which states that SD is when society meets the needs of the 

present without compromising the ability of future generations to meet 

their own needs.  

 

Since then, SD has been discussed continuously in the global debate. 

Several summits have been held over the years. For example, the 

outcome of the Earth Summit in Rio de Janeiro in 1992 was the 

document ‘Agenda 21’ (United Nations, 1992), which was adopted by 

many countries, thus deepening cooperation worldwide in the common 

pursuit of SD. The worldwide policy discussions on sustainability 

continued. At the UN World Summit on SD, held in Johannesburg, the 

three pillars of SD were expressed: economic development, social 

development, and environmental protection (United Nations, 2002).  

 

The UN Decade of Education for Sustainable Development (DESD) 

spanned from 2005 to 2014 and aimed to achieve SD goals through 

education. The UN’s ambition was to raise awareness about integrating 

sustainability issues into education systems worldwide and to realise 

education’s role in strengthening students’ knowledge and skills to 

address environmental, social, and economic challenges: ‘Quality 

education for sustainable development is about what people learn, its 

relevance to today’s world and global challenges, and how learners 

develop the skills and attitudes to respond to such challenges and 

prosper, now and for future generations’ (United Nations, 2014, p. 21). 

The DESD supported curriculum development and teaching design 

and assessment as a tool for this ambition. Furthermore, DESD 

promoted global engagement and dialogue about ESD (United Nations, 

2014).  

 

After DESD’s initiative came the Global Action Programme, led by 

UNESCO between 2015 and 2019. The Global Action Programme 

focused on expanding the impact of ESD and supported the 

implementation of ESD in education systems worldwide, not least by 

building capacity in areas such as educational materials and teacher 

training to foster critical thinking and participatory learning 
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approaches. The programme encouraged the active participation of 

young people in ESD initiatives, partnerships, and networking 

(UNESCO, 2018). 

 

At the UN SD Summit in New York in 2015, the ‘2030 Agenda for 

Sustainable Development’ was adopted. The 2030 Agenda included 17 

Sustainable Development Goals (SDGs) requiring developing and 

developed countries to work in global partnerships (United Nations, 

2015). Education plays an important role and has been assigned a goal 

of its own among the 17 goals adopted by the United Nations – Goal 4: 

Quality Education. 

 

The UNESCO roadmap for ESD describes ESD as a holistic and integral 

part of quality education. This means that the interconnections 

between the environmental, social, and economic perspectives related 

to time (past, present, future) and space (local, regional, global) are 

characteristic of ESD and are recognised as an integral element of the 

2030 Agenda, particularly for SDG 4. However, ESD is also a key 

enabler of all the other SDGs. Furthermore, the UNESCO roadmap for 

ESD describes ESD as including cognitive, social, emotional, and 

behavioural dimensions. ESD encompasses learning content, 

pedagogy, and the learning environment (UNESCO, 2020). 

 

This overview of the emergence of the concepts of SD and ESD, 

stemming from the UN as an intergovernmental, global forum for 

cooperation and agreements on matters of importance to all humanity, 

is now followed by a presentation of certain research linked to ESD. 

ESD is a broad, dynamic, and complex concept that aims to integrate 

sustainability into the education system in an interdisciplinary, 

participatory, and action-oriented way (Karaarslan-Semiz, 2022). In 

this chapter, a description of and research related to these concepts will 

now be presented. 

 

The interdisciplinary perspective of ESD can be seen in multiple ways. 

First, the interwoven environmental, social, and economic dimensions 

characterise ESD (e.g. Berglund, 2020). Secondly, ESD does not belong 

to just one discipline. Various disciplines can bring different 

knowledge, skills, and values to teaching sustainability, and it is 
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important to create connections among diverse subjects (e.g. Letouzey-

Pasquier et al., 2023). Hence, sustainability teaching and learning 

should be done within and in collaboration between subjects. In 

Sweden, the subject of science includes SD and deals with knowledge 

domains from natural science and social science (Swedish National 

Agency for Education, 2024b). Thirdly, these connections can be 

followed up and include the whole school. The ‘whole school approach’ 

to ESD is a holistic philosophical research concept that is characterised 

by an integration of three lines of action: environmental management 

of the school, the establishment of external partners in the local 

community to address issues of sustainability, and incorporation of 

sustainability in the curriculum (Gericke, 2022). Research shows that 

a whole school approach is desirable, and reaching it requires the 

school to have a joint commitment among teachers and principals, with 

the school creating structures to favour and maintain this commitment 

(Forssten Seiser et al., 2023; Gericke & Torbjörnsson, 2022; Mathie & 

Wals, 2022; Mogren, et al., 2019). 

 

The participatory perspective of ESD has been discussed extensively in 

research (e.g. Læssøe, 2010). One reason for its complexity is that ESD 

includes wicked problems characterised by great complexity, 

uncertainty, and conflict of values (Rittel & Webber, 1973). 

Sustainability issues are wicked problems as they require integrated 

consideration from all three dimensions of SD (environmental, social, 

and economic) from a global, regional, local, or personal perspective 

(e.g. Parra et al., 2020). This complexity makes it perhaps impossible 

to solve the issue entirely satisfactorily. However, it is still important to 

support students in becoming informed and autonomous democratic 

citizens by appreciating the complexity of SD (Sund, 2015). To be able 

to handle wicked problems, Mogensen and Schnack (2010) argue that 

it is of the utmost importance to reflect on the democratic values that 

teaching for ESD strives to promote. Lundegård and Caiman (2019) 

present different forms of democratic participation that they have 

systematised and reviewed from previous research. One of the key 

forms is the ability of science teachers to create a learning environment 

that is characterised by student participation, creativity, and 

authenticity when teaching sustainability issues. Another central part 

of the participatory perspective of ESD is that teaching should allow 
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different points of view to promote and encourage diverse perspectives 

and develop skills such as critical thinking (Wals, 2011). Researchers 

also recognise that education about global issues and sustainability 

includes emotional aspects due to the seriousness and complexity of 

these problems (e.g. Eilam & Trop, 2011; Ojala, 2015; Ojala et al., 

2021). The role of teachers is crucial in the pedagogy of hope, as they 

have a key role to play as motivators in engaging students to promote a 

more sustainable world in the future (Bourn, 2021). Hope is an 

emotional and cognitive concept, where students’ feeling of 

constructive hope for the future is associated with teachers that have a 

future-oriented, positive, and solution-oriented communication style 

(Ojala, 2015). However, Torbjörnsson (2014) showed in his thesis that 

upper secondary school students are not used to working with future 

issues at school. Furthermore, he argues that the concept of solidarity 

means that people are responsible and compassionate in their 

relationships with people, nature, and other species regarding time and 

space. In this way, solidarity is a prerequisite for and an expression of 

SD. 

 

The action-oriented perspective of ESD can be seen as a bridge for the 

above-described interdisciplinary and participatory perspective so that 

all three perspectives are related and partly presuppose each other. The 

policy perspective highlights behaviours necessary for the needed 

transition (UNESCO, 2020); however, research instead uses action-

orientation, which is a conscious strategy. Sinakou et al. (2019) 

developed an action-oriented ESD framework. The framework consists 

of five parts: (1) action-taking, (2) students’ leadership in their learning 

and teaching, (3) peer interaction, (4) community involvement, and (5) 

interdisciplinarity. Action-oriented instructional practices are thought 

to be effective in cultivating students’ action competence (Jensen & 

Schnack, 1997; Sinakou et al., 2019), and accordingly, teachers’ 

teaching plays a crucial role (Olsson et al., 2016; Sass et al., 2023). The 

idea of action competence was first introduced by Schnack (1993b; as 

cited in Breiting et al., 2009, p. 44) regarding the willingness and 

ability to be a competent participant. Action competence means that 

teachers create opportunities for students to identify and take an active 

position on issues within SD, providing them with the competence to 

act in favour of SD (Brandt et al., 2022; Jensen & Schnack, 1997; 
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Lundegård & Wickman, 2007, 2012; Lundegård, 2018; Olsson et al., 

2022; Van Poeck et al., 2023). Accordingly, action competence can be 

seen as an educational ideal but, at the same time, constitutes a desired 

educational outcome among learners (Sass et al., 2023). However, 

some research shows that teachers have a weak interest in and limited 

instructional practices for cultivating action competence (Sinakou et 

al., 2022). 

 

 

ESD in Swedish upper secondary school  

From the late 1950s until the present, education has become 

increasingly important in Sweden and has been attributed great 

democratic value (Lundgren et al., 2014). The focus on the democratic 

values that characterised the school’s historical development from the 

1950s in Sweden has influenced the development of education 

concerning sustainability issues. Another factor that has affected this 

is that cultural traditions concerning care for nature have developed 

due to people’s dependence on nature in agriculture, forestry, and 

mining in Sweden (Breiting & Wickenberg, 2010).  

 

In this chapter, there will first be an overview of the Swedish school 

context. SD is then described in terms of the overall levels of the 

curriculum at upper secondary school, how different education 

programmes include SD, and finally, how it is expressed explicitly in 

the syllabus in science. 

 

 

The Swedish school context  

The Swedish Education Act and related steering documents govern the 

Swedish school system. These are at a national level and therefore 

apply to all schools in the country. Despite this central control, the 

school system in Sweden is decentralised (Cars & West, 2015). 

Decisions about how teaching is conducted locally are made at a 

municipal level. 

Compulsory school ends when students are 15–16 years old. After that, 

when they are 16–19 years old, comes upper secondary education. This 

is voluntary, but the vast majority of students attend. Education is free 
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of charge from preschool to upper secondary school. Upper secondary 

school is divided into different education programmes. These include 

five introductory programmes (aimed at students who have not yet 

successfully completed lower secondary school) and 18 national 

programmes, of which 12 are vocational education programmes, and 

six are for education toward higher education (Swedish National 

Agency for Education, 2024c). In a vocational programme within 

upper secondary school, the opportunity is given to achieve the 

requirements for a vocational degree. A vocational degree means that 

the student has achieved a level of professional knowledge acceptable 

to the industry and is well-prepared for professional working life 

immediately after completion of education (Swedish National Agency 

for Education, 2024c). 

 

In some of the education programmes, the students learn biology, 

chemistry, and physics on various courses. However, most of the study 

paths include either the science course entitled Science 1a1 or the 

science course Science 1b. The courses have a cross-curricular 

character with a base in biology, physics, geoscience, and chemistry 

(Swedish National Agency for Education, 2024b). Students who have 

chosen a social science, economic, or aesthetic programme (aimed at 

higher studies at university) take the course Science 1b. Students who 

have chosen a vocational education programme take the course Science 

1a1 (Swedish National Agency for Education, 2024c). The difference 

between the courses Science 1a1 and Science 1b is that course 1a1 is 

given around 50 hours of teaching and course 1b 100 hours. The 

requirements are very similar; both have a significant and pervasive 

focus on SD, but Science 1b contains more other science content, 

unrelated to SD, than Science 1a1 does (Swedish National Agency for 

Education, 2024b).  

 

 

SD in the upper secondary school curricula 

National curricula in Sweden have been influenced by international 

policy agreements concerning ESD, such as DESD, the Global Action 

Programme, and the 2030 Agenda for Sustainable Development. 

However, the environmental perspective also comes from an old 
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outdoor tradition in Sweden and Sweden’s long-standing attention to 

creating educated, socially responsible citizens (Cars & West, 2015).  

 

The present Swedish curriculum for upper secondary school, in its 

entirety, emphasises the pursuit of SD in the following way: 

The environmental perspective in teaching should give the students 
insights so they can contribute to preventing harmful environmental 
impacts and acquire a personal approach to the overall and global 
environmental issues. The teaching should highlight how society 
functions and how our way of life and work can be adapted to create 
sustainable development. (Swedish National Agency for Education, 
2024a). 

Alongside the school-wide and cross-curricular focus on sustainable 

development in the current Swedish school context, the SD perspective 

is also expressed in curricula for the various education programmes. 

Table 1 presents three examples of requirements in SD for various 

vocational programmes. 
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Table 1. The table presents three vocational education programmes learning 

objectives for SD of the curriculum (Swedish National Agency for 

Education, 2024c). 

 

Vocational education Requirements 

HVAC Property Maintenance The education should increase the students’ 

environmental awareness and develop their 

ability to transform knowledge about the 

environment, ecology, and resource use into 

practical action. Students must be given 

opportunities to understand how efficient energy 

use leads to sustainable development. In the case 

of new construction, conversion of the existing 

building stock, repair, maintenance, and 

installation, knowledge is required of which 

systems and products are the most efficient and 

how to work with the greatest possible 

environmental consideration. 

 

Vehicle and Transport The students must develop knowledge of and 

skills in choosing the right equipment and method 

for performing tasks regarding the environment, 

quality, safety, and economics. The students must 

also develop the ability to carry out various tasks 

based on requirements for sustainable 

development.  

 

Building and Construction Since work with building and construction affects 

society’s infrastructure and the environments in 

which we live, education must provide knowledge 

of rational, safe, and environmentally sustainable 

construction. The students must be able to 

choose, use, and care for materials, tools, and 

machines in terms of safety, the environment, 

quality, and economics regarding production and 

life cycle costs. 

 

  

 

 

In addition, some courses have specific knowledge requirements for SD 

in their syllabus. Science 1a1 and Science 1b are two such courses. The 

syllabi in Science 1a1 and Science 1b stipulate that the teaching must 

deal with the following central content concerning SD (Swedish 

National Agency for Education, 2024b): 
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Issues of sustainable development: energy, climate and ecosystem 
impact. Ecosystem services, resource utilisation and the carrying 
capacity of ecosystems. 
 
Different aspects of sustainable development, for example in terms of 
consumption, resource distribution, human rights and gender equality. 
 
How science can be critically examined and how a scientific approach 
can be used to critically test non-science-based claims. 

 

The quotes highlight what science teachers must take into account 

when teaching SD. Beyond this, they need to decide what the teaching 

should contain on a more detailed level and how it should be carried 

out. In the task of fulfilling what is stated in the science syllabus and 

the other requirements in the curricula for the education programmes 

and upper secondary education as a whole, the teachers are free to 

design and perform their teaching as they see fit. 
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The aim and foci of the papers 

The overall aim of this thesis is to capture science teachers’ PCK in 

teaching SD and provide insight into their PCK development by using 

reflection tools and collective reflective conversations. The RCM of 

PCK functions as a theoretical framework for the entire research 

project that forms the basis of the thesis, with a focus on teachers’ PCK 

in teaching SD. Figure 5 shows where the thesis’s four papers have their 

focus in the RCM. The figure also shows how the papers are tied 

together into a whole that investigates different aspects of teachers’ 

PCK.  

 

 

 
Figure 5. Papers 1–4, different foci in RCM. 

 

A description of the four papers’ foci and the research gap they intend 

to fill will now follow. 

 

In paper 1, the focus is on the outermost layer of RCM that represents 

different aspects of a teacher’s broader professional knowledge, with a 

certain focus on content knowledge. Half of the outermost layer 

represents the teacher’s content knowledge, and the other half is 

divided equally between pedagogical knowledge, knowledge of 

students, curricular knowledge, and assessment knowledge. The first 
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paper investigates what content the teachers emphasise concerning SD 

and how they justify that content. The reflection tool CoRe was used to 

stimulate teachers’ reflections on what content to include in their 

teaching and how this content can be organised when teaching SD in a 

way that promote students’ understandings (i.e. PCK). The following 

research gap underpinned the first paper: (1) what content science 

teachers emphasise when teaching SD, and how they justify that 

content. 

 

Paper 2 focused on the realm of ePCK and the plan-teach-reflect cycle 

and the knowledge exchange into pPCK. CoRe and video-recorded 

lessons were used to facilitate teachers’ reflection and their ability to 

capture, articulate and develop their PCK for teaching SD. The 

following research gap underpinned the second paper: (2) how science 

teachers’ PCK in teaching SD can be captured and developed with a 

combination of reflection tools. 

 

Paper 3 focused on the learning context in the RCM, with an explicit 

emphasis on the learning context of vocational education in upper 

secondary education. The following research gap underpinned the 

third paper: (3) in what ways science teachers adjust their teaching to 

different vocational education programmes when teaching SD. 

 

Paper 4 focused on the realm of cPCK in RCM (see Figure 5), and the 

knowledge exchange into pPCK and vice versa. CoRe was used to 

facilitate teachers’ reflections on a collective level. The following 

research gap underpinned the fourth paper: (4) in what ways teacher 

teams in science can develop PCK for teaching SD via collective 

reflections. 

 

As such, the four papers’ different research gaps were identified to 

answer the overall aim of the thesis – to capture science teachers’ PCK 

in teaching SD and provide insight into their PCK development by 

using reflection tools and collective reflective conversations. 
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Methods 

The empirical data generated in this thesis are entirely qualitative. A 

qualitative method represents a systematised approach to 

understanding and portraying the nature of something (Larsson, 

2005). This chapter describes the methods applied in the research 

project. The four papers are based on different parts of the data 

generated from the whole research project. First, the empirical context 

and selection of respondents are described. Second, the research 

design and data collection process are presented. Third, the 

instruments used in the project are explained. Fourth, there is a 

description of the data analysis methods used, and fifth, a discussion of 

the methods used. Finally, ethical considerations are discussed.  

 

 

The empirical context and selection of respondents 

In-service science teachers from various upper secondary schools 

across Sweden participated in the research project. The selection of 

participating teachers was based on voluntariness. However, a 

prerequisite for participation in the project was that the teachers were 

educated and actively teaching the specific courses Science 1a1 and/or 

1b at upper secondary school level.  

 

Various strategies were implemented to encourage teachers’ 

participation in the research project. Emails were sent to science 

teachers using information on schools’ websites. Several principals 

were contacted (by email and phone) in different cities in Sweden for 

permission to contact the school’s responsible teacher for the subject 

of Science. If agreed, the accountable teacher was contacted, and an 

information meeting about the research project with the teachers in the 

school’s science teacher team was proposed. In addition, teachers were 

invited to an informational meeting about the project through a science 

teachers’ group on social media. Ultimately, 18 science teachers 

volunteered to participate in the project. These teachers were employed 

at upper secondary schools in various regions of Sweden and taught 

students enrolled in different educational programmes.  
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Research design and data collection process 

The 18 teachers formed three groups. The first group consisted of seven 

teachers who worked at the same school. They were organised so that 

they regularly met in a teacher team focusing on science. The second 

group consisted of five teachers. They worked at another school in 

another part of Sweden. They, too, were organised so that they met 

regularly in a teacher team focused on science. The teachers in groups 

one and two thus knew each other from before. Group three consisted 

of six teachers who worked at different schools in different parts of 

Sweden. They had not worked together as a group before. Due to the 

significant distance, all meetings were conducted digitally for group 

three, and due to practical considerations, no teachers’ lessons were 

video-recorded for this group.  

 

One teacher in group one did not want their lesson to be video-

recorded. In group three, only three of the six teachers completed all 

nine steps in the research project. Figure 6 symbolises the three groups. 

 
Figure 6. The figure symbolises the 18 teachers in the three groups. (Group one to 

the left, group two in the middle, and group three to the right.) In groups 

one and two, the teachers worked at the same school and knew each 

other from before. In group three, the teachers worked at different 

schools and had not worked together as a group before. Groups one and 

two are framed by a rectangle, compared to the third group, which is 

framed by a pentagon, to symbolise that distinction. In the first group, 

one teacher was not video-recorded. In the third group, no teachers were 

video-recorded, and three teachers did not complete the research project. 

In the figure, all teachers who performed a video-recorded lesson are 

symbolised with a camera alongside. The teachers who did not complete 

the project are crossed through. 

 

The data collection process contained nine steps. The three groups 

completed the nine steps independently. Some parts of the data 
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collection were carried out digitally, since some of the individual 

interviews were held as video meetings, mainly due to the distance. The 

duration from step one to step nine was approximately six months. 

Below (Figure 7) is a description of the nine steps. 

 

 
 

Figure 7. The nine steps in the research design of the data collection process. 

1. Start-up meeting in the 
groups. Introduction of PCK, 

RCM, and CoRe

2. Construction of CoRe 
(individual)

3. Interview about CoRe 
(individual)

4. Collective reflections with 
a focus on Big Ideas in CoRe

5. Video-recorded lesson 
(individual)

6. Video-stimulated 
interview (individual)

7. Collective reflections with 
a focus on questions within 

selected Big Idea in the 
teachers’ CoRe

8. Revision of CoRe 
(individual)

9. Interview about the 
revision of CoRe, connection 
to vocational education and 
an overall perspective on the 

project (individual)
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Step 1. The teachers gathered in their respective groups for a meeting 

of approximately 90 minutes. During the meeting, I introduced the 

theoretical framework of PCK and explained RCM. The teachers also 

received an overview of the CoRe tool and were allowed to ask 

questions. During the meeting, a schedule was also drawn up for the 

remaining steps in the project. After the meeting, the teachers received 

written information sent to their email. The written information 

contained a book chapter about PCK and CoRe (Nilsson, 2012), a brief 

description of how CoRe works, and a blank CoRe template. All the 

teachers received the same information. 

 

Step 2. After the start-up meeting, the teachers had a few weeks to carry 

out a CoRe with SD as a topic area given beforehand. When the teacher 

finished the CoRe, they sent it to me, and a date and time for the first 

interview were agreed upon. 

 

Step 3. For each teacher, a semi-structured interview was conducted 

where the teacher could talk about their CoRe. See Figure 4 for the 

CoRe template. Appendix 1 contains the interview questions. The 

interviews lasted approximately 60 minutes and were audio-recorded. 

 

Step 4. The teachers met in their groups for the second time (see Figure 

8) and started by telling each other about their CoRe design, focusing 

on Big Ideas. Afterwards, the teachers asked each other questions and 

reflected on their Big Ideas in relation to the others. The meeting had a 

set structure (Appendix 1), was led by me, and was audio-recorded. 

 

Step 5. The teachers taught based on their CoRe. I visited one lesson 

per teacher, which was video-recorded, for those teachers who agreed. 

The camera was set up so that the teacher, not the students, was in 

focus. (For the teachers in group three, I visited the lesson digitally, 

which was not video-recorded). A new date and time for the following 

interview was decided for each of the teachers. After the lesson, I 

prepared the upcoming video-stimulated interview by watching the 

film and taking notes. 

 

Step 6. In the video-stimulated interview, the teachers were asked to 

start by explaining their thoughts when planning the lesson based on 
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their CoRe. After that, the teacher and I watched the film together, and 

at the initiative of both, the film was stopped, and the teacher was 

allowed to express their reflections (Appendix 1). For the teachers 

whose lesson was not video-recorded, only the first step was 

completed, where they explained how they thought when planning the 

lesson based on their CoRe. The interviews were audio-recorded. 

 

Step 7. In the seventh step of the data collection, the teachers met in 

their groups again. This time they were placed in smaller conversation 

groups of two to four teachers in each group (see Figure 8). I chose the 

groups based on the consistency of the teachers’ Big Ideas. In the 

conversation groups, the teachers were instructed to select a Big Idea 

that was similar in their CoRe and carry out collective reflections 

focusing on all the prompts within the CoRe tool for the chosen Big 

Idea. The teachers were provided with some questions to support their 

collective reflections (see Appendix 1). The conversations lasted 

approximately 60 minutes and were audio-recorded. 

 

 
 

Figure 8. In step 4, the teachers met in the whole group, symbolised as the 

rectangular meeting tables. (Group one to the left, group two in the 

middle, and group three to the right.) Then, in step 7, the teachers were 

placed in smaller conversation groups, as the round tables illustrate. 
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Step 8. Based on what they had learned from designing and 

implementing a CoRe as well as the collective reflections, the teachers 

individually revised their CoRe and sent it to me. 

 

Step 9. The final step was an individual semi-structured interview (see 

Appendix 1). It lasted approximately 60 minutes and was audio-

recorded. The interview was about the revisions the teachers had made 

in their CoRe and the teachers’ reasoning concerning SD related to 

different vocational education. The interview also intended to capture 

the teachers’ overall perspective on the project.  

 

 

Instruments 

According to Schön (1983), reflection-on-action can help teachers 

express their tacit knowledge, which in turn creates good conditions for 

further learning and development. Therefore, all instruments included 

in the thesis research design have been selected because they have great 

potential to support teachers when they reflect on the teaching.  

 

The background section describes CoRe as a valuable tool to capture, 

document, and portray PCK. The use of CoRe is successful for the 

teachers’ development and provides opportunities for sharing this 

knowledge within the professional community in a proper and valuable 

way (Cooper et al., 2015). The CoRe was used throughout the project as 

a reflection tool as well as a tool to capture teachers’ PCK.  

 

To capture the teachers’ reflections more profoundly and precisely, the 

CoRe was followed up with semi-structured interviews. A semi-

structured interview is flexible and is characterised by two-way 

communication between the researcher and the informant (Kvale, 

1996). An interview guide for all the interview occasions was 

developed: see Appendix 1. The interview guide functioned as a 

checklist with question areas and an order of the questions. However, 

the words and order could be changed based on the interview’s flow. 

Also, additional and unplanned questions were asked during the 

interview to capture what the interviewee was saying. Hence, semi-

structured interviews have the potential to provide researchers with 

rich information (Robson & McCartan, 2016). Also, the video-
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stimulated interviews were designed as semi-structured interviews. In 

preparation, I watched the film before the interview. At the interview, 

we watched the film together, and on the initiative of both, we stopped 

and talked about sequences in the film. I chose interviews as an 

instrument because I wanted to explore complex and subtle 

phenomena and deeply understand key people’s options, perceptions, 

and knowledge based on their experiences. To do that, interviews are 

better suited than, for example, observations or surveys. Kvale and 

Brinkmann (2017) assert that the qualitative research interview seeks 

to understand the world from the participant’s point of view in order to 

develop meaning from their experiences. 

 

The teachers performed collective reflections in steps four and seven in 

the data collection process (see Figure 7). The group discussions were 

organised to capture the teachers’ collective reflections about what 

appeared in their CoRes from different perspectives (Appendix 1). 

Collective reflections, or in other words, group discussions are widely 

used in qualitative research. The researcher usually organises the 

discussion in a semi-structured way but remains relatively passive. In 

the group discussion, the participants express their views on what is on 

the agenda (Bryman, 2020).  

 

 

Analysis of data 

The research design and data collection process described above can 

mainly be seen as having a deductive approach. A deductive approach 

implies that a theoretical framework is the basis for data collection and 

the emerging analysis and conclusions. In contrast, with an inductive 

approach, the research begins with data collection without 

preconceived notions, hypotheses or a theoretical framework. Pattern 

recognition is performed using the collected data, then theory 

formation and hypothesis development follow (Bryman, 2020). The 

research design of the thesis was set beforehand, using the theoretical 

framework of PCK as a point of departure. For example, the reflection 

tool CoRe was chosen as it is designed and constructed in the context 

of PCK in science education as a successful tool to capture teachers’ 

PCK. Although the research design is based on a theoretical framework 

and the results that emerge are discussed in relation to it, as a deductive 
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approach is described, the research in this thesis can also be seen as 

abductive. Abductive reasoning has been proposed by realist education 

researchers (Robson & McCartan, 2016), since the research focuses on 

how the world and social reality appear to the person whose life-world 

is the research object (Bryman, 2020). With a deductive and abductive 

approach in mind, this chapter will now unravel the ways in which the 

analysis of data for the four papers was performed. 

 

In paper 1, all 18 teachers’ CoRe and the connected interview about 

their CoRe underpin the analysis of the results. So, steps 1–3 in the data 

collection process were included for paper 1 (see Figure 7). In paper 2, 

the 11 teachers that were video-recorded and their connected 

interviews underpin the results. So, steps 1–3 and 5–6 in the data 

collection process were included. However, step 4 may also have 

influenced the teachers’ planned lessons that were video-recorded (see 

Figure 7). In paper 3 all the 15 teachers who completed the project and 

thus participated in the final interview underpin the results analysis. 

Finally, 12 teachers’ collective reflections (teacher groups 1 and 2) 

underpin the results in paper 4. The reason is that they are similar in 

that the teachers already knew each other, and all the teachers in those 

two groups completed the project. In paper 4, step 9 in the data 

collection process represents the analysis and the excerpts in the 

results. However, all the steps 1–9 (Figure 7) underpin the teachers’ 

reflections in the data.  

 

Transcribing interviews and conversations from an oral to a written 

format not only transforms the data into a structure suitable for closer 

analysis but may also serve as an initial analytical step (Brinkmann & 

Kvale, 2018). The audio-recorded interviews and group meetings that 

underlie the thesis are, in total, 56 occasions of approximately 60 

minutes each. As a preparation for the analysis, I transcribed the audio-

recorded occasions. The transcriptions total roughly 208,000 words. 

According to Brinkmann and Kvale (2018), there are few standard rules 

for transcription. Instead, there are a series of choices to be made. 

However, one basic rule in transcription is to state explicitly how the 

transcriptions were made. The transcribing procedure involved me 

listening to a little recorded data at a time, stopping the recording, and 

writing down what I heard. Then, I started the recording again and 
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wrote down what I heard. After a few rounds, I rewound the tape and 

listened to the transcribed passage. Corrections were made where 

needed. The transcription was carried out verbatim. However, the 

transcription did not include emotional expressions (for example, 

laughter or sighs), pauses or sounds other than words.  

 

Braun and Clarke’s thematic analysis was used to analyse the data in 

papers 1, 3, and 4 (Braun & Clarke, 2006). Reflexive thematic analysis 

is a further development and clarification of thematic analysis, where 

the researchers’ subjectivity and reflexivity are central (Braun & Clarke, 

2019). Within qualitative research, reflexive thematic analysis is about 

meaning-making, which is always context-bound. Braun and Clarke 

(2019) conceptualise themes in thematic analysis as patterns of a 

shared meaning underpinned or united by a core concept. Reflexive 

thematic analysis aims to tell stories, interpret, and create: ‘For us, the 

final analysis is the product of deep and prolonged data immersion, 

thoughtfulness and reflection, something that is active and generative. 

We emphasised that themes do not passively emerge from data to 

capture this process’ (Braun & Clarke, 2019, p. 591). 

 

Based on the description of the different steps in thematic analysis 

(Braun & Clarke, 2006), the following steps for analysing the data were 

taken: 

 

1. Familiarisation with the data: 

The data was read and re-read in the first step, and initial ideas 

were noted. 

2. Generating initial codes: 

In the second step, interesting features of the data were 

systematically coded across the data set chosen for that paper 

and data relevant to each code was collated. 

3. Searching for themes: 

In the third step, codes into potential themes were collated, 

gathering all data relevant to each potential theme. 

4. Reviewing themes: 

In the fourth step, the themes were checked to see if they worked 

with the coded extracts and the entire data set. A thematic ‘map’ 

of the analysis was generated. 
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5. Defining and naming the themes: 

In the fifth step, the specifics of each theme and the overall story 

the analysis told were refined. Clear definitions and names for 

each theme in this ongoing analysis were generated. 

6. Producing the report: 

In this final step, vivid, compelling extract examples were 

selected.  

 

In paper 2, qualitative content analysis was selected to analyse the data 

(Schreier, 2014). Qualitative content analysis is a flexible method that 

systematically reduces data and limits the analysis to the aspects 

relevant to the given research questions (Schreier, 2014). With the 

focus on ePCK with the plan-teach-reflect cycle and connected input 

and output pPCK, the inner part of RCM constituted a concept-driven 

coding frame.  

 

Based on the description of the different steps in qualitative content 

analysis (Schreier, 2014), the following actions were taken: 

 

1. Decision on research questions 

2. Selection of material 

3. Construction of coding frame 

4. Segmentation  

5. Trial coding 

6. Evaluation and modification of the coding frame 

7. Completion of the main analysis 

8. Interpretation and presentation of findings in a completed paper 

 

Each paper describes how the analyses of thematic analysis and 

qualitative content analysis were adjusted and performed in the 

respective analysis of selected data.  

 

 

Method discussion  

In research, the criteria of reliability and validity are vital. Reliability 

concerns the question of whether the results from the study would be 

the same if the study were conducted again. Validity involves assessing 

whether the conclusions generated from the study are connected, i.e. 
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whether you have measured what you intended to measure (Bryman, 

2020). Accordingly, reliability and validity are essential criteria for the 

quality of a research study. The terms are used in both quantitative and 

qualitative research. However, researchers have discussed how 

relevant these concepts are in qualitative research because the concepts 

suppose that it is possible to describe reality in only one absolute way. 

However, Bryman (2020) indicates that there are many descriptions of 

the social reality.  

 

Larsson (2005) reflects on quality in qualitative studies and presents 

criteria divided into three aspects: qualities in the production as a 

whole, qualities in the results, and validity criteria. Larsson (2005) 

points out several criteria distributed within the different aspects; 

however, only one criterion per aspect is shown here. In the first aspect, 

one criterion is perspective awareness, which implies that 

understanding what is to be interpreted is already present. Making 

explicit the researcher’s pre-understanding of the research context is 

an important quality criterion. In the second aspect, richness of 

meaning is one criterion. The richness of meaning in the presentation 

of the results is fundamental for the value of interpretation, which can 

be achieved by highlighting more nuances. The interpretation then 

provides a more significant precision. Empirical grounding is a 

criterion in the third of Larsson’s quality aspects in qualitative studies. 

It is about conformity between reality and interpretation.  

 

To meet Larsson’s first criterion (in the first aspect), my endeavour was 

to show my background understanding and perspective as clearly as 

possible, to allow the reader to review the research critically. To meet 

the second criterion (in the second aspect), I have constructed the four 

papers in a way that they include a large number of citations from the 

teachers. Finally, according to empirical grounding (the third criterion 

in the third aspect) by Larsson (2005), it is necessary to reflect upon 

my potential influence on the research as a researcher. Cohen et al. 

(2018) highlight the importance of reflexivity. Reflexivity is the process 

of consciously examining the subjective point of view and identifying 

how subjectivity could impact the research outcomes (Cohen et al., 

2018). I was part of the research process, and my prior experiences, 

assumptions, and beliefs may have influenced it. This could be during 
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the data collection in the semi-structured and video-stimulated 

interviews. It could also have been during the planning phase or the 

analysis phase. Accordingly, being a part of the researched world, it is 

impossible to be completely objective (Cohen et al., 2018). However, I 

see it as an advantage that the researcher is well acquainted with the 

social reality being investigated, as it has the potential to increase the 

professionalism of the data collection. For example, the interviewed 

teachers do not have to explain concepts or other things in the 

interview situation, and you can also feel more comfortable talking to 

someone with the same professional experience. My background 

working in upper secondary school for many years supported me in 

performing the data collection and recognising significant elements in 

the data analysis. Pezalla et al. (2012) discuss how the inconsistency 

within a team of researchers affects the quality of the interview data. 

Their results show differences between different researchers when 

performing a research interview. Accordingly, one strength of this 

thesis is that I conducted the data collection alone. 

 

The two concepts of trustworthiness and authenticity have been 

proposed as alternatives to reliability and validity in qualitative 

research (Bryman, 2020). This thesis research design and data 

collection will now be discussed in relation to trustworthiness and 

authenticity.  

 

Trustworthiness contains four sub-criteria: credibility, transferability, 

dependability and confirmability (Lincoln & Guba, 1985). Credibility 

means that there must be a high level of agreement between the 

researcher’s observations and the developed theoretical ideas. One way 

to ensure this is triangulation, a strategy involving multiple sources to 

enhance the rigour of the research (Bryman, 2020). One form is data 

triangulation (Robson & McCartan, 2016). This means that more than 

one method is used in the data collection. This thesis uses data 

triangulation (individual semi-structured interviews, group 

discussions, CoRe, and video-stimulated interviews). Another form is 

observer triangulation (Robson & McCartan, 2016), meaning that more 

than one researcher is involved. In this thesis, the implementation of 

the method, data analysis, and results documentation have been 

discussed and reflected on by my two supervisors and me together to 
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gain higher quality – in other words, observer triangulation. 

Furthermore, the research has been presented at international 

conferences and research seminars in different contexts. 

 

Transferability concerns to which extent the results can be generalised 

to other social contexts. Qualitative research often focuses on depth 

rather than breadth and focuses on the contextual uniqueness and 

significance of the aspect of social reality examined. For those reading 

the research to be able to judge how transferable the results are to 

another setting, it is recommended to use ‘thick descriptions’ (Bryman, 

2020). Thick descriptions, as used in this thesis, mean deep and 

detailed descriptions that go beyond what is visible at first sight. Even 

though thick descriptions have been used, the fact that only 18 teachers 

underpin the data can be a limitation concerning transferability. All the 

18 science teachers who participated in the research project had a 

teaching degree and experience from work as teachers. Also, all of them 

taught science in real time. They were of different ages and sexes and 

worked in various places in Sweden, representing rural and urban 

societies. For group three, the teachers themselves applied to the 

project, which may mean they had a solid interest in and knowledge of 

sustainability issues. In contrast, the teachers in groups one and two 

did not apply to the project themselves but chose to participate when 

the teacher team was asked. All these factors have probably influenced 

the results in different ways. Accordingly, it is important to keep in 

mind when reading the results that they are based on only a few (18) 

teachers. 

 

Dependability can be seen as a counterpart to the concept of reliability. 

Dependability means that, as a researcher, you ensure that a complete 

and accessible account is created for all phases of the research process 

(Bryman, 2020). In this method chapter, I have tried to make the 

description as transparent as possible in order to achieve a high level 

of dependability. 

 

Confirmability means that the researcher understands it is impossible 

to obtain complete objectivity in social research and, therefore, acts to 

maximise actions in good faith (Bryman, 2020). One example of 

confirmability was that I had no relation with the participating teachers 
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before the research project, which was a well-thought-out strategy 

already decided upon at the planning stage of the research project. The 

reason was to avoid bias if a participant has a professional or personal 

relationship with the researcher. 

 

Guba and Lincoln (1989) described five dimensions of authenticity. 

These are fairness: whether the survey fairly represents the diverse 

opinions and perceptions within the group being studied; ontological 

authenticity: in what sense the research project help the participants to 

understand better the social context examined; educative authenticity: 

whether the research project has given the participants a better 

understanding of how other persons in the context experience what the 

focus of the research is; catalytic authenticity: whether the research 

project has made it possible for the participants to change their 

situation,  and finally; tactical authenticity: whether the participants 

have gained better opportunities to take the necessary measures. 

Overall, my ambition with the research project was, apart from 

contributing valuable research, to offer the participants an opportunity 

to develop in their profession. The research project gave the 

participants an insight into useful reflective tools they can use even 

after the project ended. The teachers also had the opportunity to reflect 

on their teaching in depth and share their knowledge and perspectives 

with each other in the teacher team. Another example regarding 

authenticity is that for the analysis that underlies the results, 

reflection-on-action was chosen – the video-recorded lessons were 

reflected on by the teachers in a video-stimulated interview, in other 

words only reflection-on-action was performed. An alternative means 

of analysis could have been that I explored the teachers’ reflection-in-

action by watching the videos. The reason for the choice was that by 

letting the teachers reflect on their teaching linked to their CoRe when 

they saw themselves in the video, they had an even greater opportunity 

to develop their PCK. It also made it possible for the subsequent 

collective conversations with the teaching colleagues to be even more 

professional and fruitful, as the teachers had previously done a CoRe, 

taught based on it, and, in addition, reflected on the teaching.  

 

An effect of the chosen methodological design is that it is difficult to 

precisely measure and identify the development of PCK, since it is a 



68 

 

 

self-evaluation rooted in the teachers’ reflections. Therefore, the 

research design could advantageously have included pre- and post-

tests. However, this was not done, which I see as a limitation. 

Regardless, by the teachers making their knowledge visible and having 

the opportunity to reflect on it, they have expressed a greater awareness 

and development. Also, the research project’s design could not 

investigate whether the teachers’ PCK development improved the 

students’ knowledge of sustainability issues. Again, it is crucial to keep 

in mind that the results presented in the thesis regarding the teachers’ 

development of PCK are based on the teachers’ reflection-on-action, 

and this PCK development has also not been verified as increasing 

knowledge effects in SD for the students.  

 

 

Ethical considerations 

This thesis follows the ethical guidelines issued by the Swedish 

Research Council (2017). The four requirements of research were 

followed: information, consent, confidentiality, and use of data. 

According to the Swedish Act concerning the Ethical Review of 

Research Involving Humans, only some projects must be ethically 

tested by the authority. This project does not meet the criteria required 

for consideration by the Ethical Review Authority. The research has 

been reviewed and approved for implementation by the ethical advisor 

of the Faculty of Health, Science and Technology at Karlstad University 

(Ref. HNT 2021/318).  

 

An information letter about the research project was produced. The 

information letter stated what data would be collected and for what 

purpose. The letter also contained information about how the material 

would be used and handled after the project, that participation in the 

project was voluntary, and that participants had the right to cancel 

their participation at any time. In addition, the letter stressed that all 

data is treated confidentially. According to Robson and McCartan 

(2016), the consent form should be shown at the same time as the 

information letter, and then the respondents should be given time to 

think about whether they want to participate. This procedure was 

adopted for this thesis.  
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The research ethics discussion is complex as there is often a balance 

between risk and the production of new knowledge. Research should 

not do any harm, but at the same time, some risks may need to be taken 

as the benefit of the knowledge can be high (Swedish Research Council, 

2017). This discussion was considered when designing the research, 

and the appropriate recording method was carefully considered. Video-

recording should only be used when other data collection methods 

cannot achieve the same results. As the ability to capture and reflect on 

teachers’ PCK would not be as powerful without the video tool, it was 

decided to use it.  
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Results 

The results of each paper are briefly presented below, as the complete 

versions are available in the papers, which are included at the end of 

this thesis.  

 

 

Paper 1 

Paper 1 aimed to explore what content upper secondary science 

teachers chose in their teaching about sustainability and how they 

justify that content. In this paper, the 18 teachers’ Big Ideas and the 

first two questions in their CoRe (see Figure 4) were in focus. After the 

teachers had completed their CoRe, they conducted a semi-structured 

individual interview about their reflections based on it. 

 

The analysis showed that the content the teachers emphasised 

concerning SD generated four themes: (1) energy and global warming, 

(2) ecosystem services and biodiversity, (3) the presence of harmful 

substances and materials in nature, and (4) the imbalance of natural 

substances in nature. Content that was emphasised was energy 

conversion, renewable and non-renewable energy sources, and energy 

production. The teachers also emphasised that teaching about energy 

is a base for teaching about the causes, explanations, and consequences 

of global warming. Also, ecosystem cycles and the lack of biodiversity 

were highlighted as important content related to SD. Furthermore, 

environmental toxins, their ability to accumulate, and problems with 

plastics and microplastics were highlighted as important content. 

Eutrophication, especially in the Baltic Sea, was also highlighted as 

important content. Finally, acidification was a selected content item. It 

is clear that the content the teachers chose to highlight in their Big 

Ideas and the associated questions in the CoRe tool are mainly 

connected to the environmental perspective of the three pillars of SD.  

 

In addition to investigating the content teachers emphasise concerning 

SD, the aim was to examine how the teachers justify that content. The 

analysis generated four themes that were all connected to the content: 

(1) local-global perspective and ecological, social, and economic 

perspective, (2) belief in the future, (3) action at an individual level and 
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in global cooperation, (4) to be able to participate in society – scientific 

general education. The results have similarities and connections to 

Dewey’s (1938/1997) advocacy of teaching that connects classroom 

learning with real-life situations. He claimed that what teachers teach 

in school must be useful for the students outside of school. Also, Dewey 

considered the teacher’s role to be more than a transmitter of 

knowledge, as he believed that teachers should create an environment 

that encourages active participation. Figure 9 presents the teachers’ 

justification of the emphasised content for SD.  

 

 
 

Figure 9. The figure presents the four main themes of the content in SD and how 

the teachers justify these themes within their teaching. A thicker line 

indicates a stronger relationship, as many teachers expressed it. 

 

The results show that the teachers’ justifications for the chosen content 

are consistent with the goals and guidelines that the UN has expressed 

in documents on ESD, such as DESD (United Nations, 2014), the 

Global Action Programme (UNESCO, 2018), and the SDGs (United 

Nations, 2015). The teachers have a firm consensus about the 

importance of teaching about energy issues in society and their 

connection to global warming. Their arguments are about encouraging 

students to act on an individual level and in global cooperation, and 

with a justification to strengthen the students’ hope and belief in the 

future.  
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Paper 2 

The standpoint of both Dewey (1933) and Schön (1987) was that to be 

able to learn from experiences, reflection is a prerequisite. Paper 2 

aimed to explore how the combination of CoRe and video-based 

reflection stimulates teachers’ pedagogical reasoning about teaching 

SD and how teachers’ pPCK is developed. In paper 2 the inner part of 

the RCM was in focus: the ePCK cycle of plan-teach-reflect, and how 

this cycle is influenced by the input pPCK and leads to further 

development of pPCK output. Figure 10 was developed in paper 2 to 

establish a theoretical connection between the RCM and the findings 

and an analytical framework. Figure 10 should be interpreted in a left-

to-right manner, representing the consistent presence of teachers’ 

input pPCK. This pPCK is enacted within the teaching activity and, 

through the pedagogical reasoning process within the plan-teach-

reflect cycle, results in an enriched output pPCK. This iterative process 

continues to be repeated, fostering the development of teachers within 

their professional practice.  

 

 
Figure 10. The figure shows the exchange of knowledge between pPCK and ePCK 

(and vice versa), the plan-teach-reflect pedagogical reasoning process 

for ePCK, and how it can stimulate the development of teachers’ pPCK. 

 

Paper 2 included the 11 teachers who were video-recorded. They 

completed a CoRe individually and taught based on it, and one lesson 

per teacher was video-recorded. Then, the teachers reflected on their 

teaching related to their CoRe while watching the film in a video-

stimulated interview. Because of the space limitations inherent in a 
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paper, data for two teachers were selected to illustrate representative 

examples from the analysis of the 11 teachers. 

 

The results showed that the reflective tools CoRe and video constituted 

support for the teachers. The CoRe helped the teachers to make the 

what, how, and why explicit when teaching SD. The combination of 

CoRe and video-based reflection supported the teachers in the ePCK 

process: plan-teach-reflect to capture and articulate their pedagogical 

reasoning. This clarification supported the teachers in expressing 

possible and desirable development of their teaching. Consequently, 

the work with CoRe and video-based reflection was not only a support 

for the teachers in capturing and expressing their PCK, it also created 

opportunities for the development of pPCK and led to an enriched, 

developed output pPCK for sustainability issues. Figure 11 shows the 

findings from the two teachers’ knowledge exchanges between pPCK 

and ePCK (and vice versa): input pPCK, plan-teach-reflect process, and 

output pPCK. The findings show that the plan-teach-reflect 

pedagogical reasoning process for ePCK may develop the teachers’ 

pPCK with the support of CoRe and video-based reflection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 

 

 

 

 
 

 

 
 

Figure 11. The figure illustrates the findings from the knowledge exchanges 

between teachers’ pPCK and ePCK, and vice versa, concerning teaching 

SD. 
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Figure 11 shows two examples of teachers who developed pPCK. With 

the help of the reflections, one teacher gained sight of the critical role 

of politics in achieving SD. The other teacher’s pPCK development was 

expressed as an intention to develop their teaching by means of more 

reality-related reasoning in the teaching concerning sustainability 

issues. This development is consistent with Dewey’s (1938/1997) ideas 

that the experiences students have in everyday life must be brought 

into the school.  

 

 

Paper 3 

Paper 3 aimed to fill the research gap in how science teachers adjust to 

different vocational education programmes when teaching SD. The 

fifteen teachers who completed the research project (see Figure 6) 

underlie the results. The learning context in RCM is the focus of paper 

3, with a demarcation of the learning context of different vocational 

education programmes. The thematic analysis delineated four themes, 

each reflecting the varying degrees to which science teachers adjusted 

their teaching based on the diverse vocational education programmes 

of the students. To symbolise how the level of adjustment increases, the 

themes were placed on a colour scale from white to green (see Figure 

12). In the first theme, the teachers reasoned that they do not, and have 

no desire to, adjust their teaching to the vocational education 

programmes the students attend because it is more important that 

students gain a holistic perspective of sustainability issues. In the 

second theme, the teachers adjusted by using some examples related to 

the student’s vocational education; otherwise, the teaching remained 

unchanged. In the third theme, the teaching was designed to connect 

to the students’ specific vocational education programme. In the fourth 

theme, the science teachers integrated their teaching into the specific 

vocational education.  

 

 

 

 

 

 



76 

 

 

 

LOW ADJUSTMENT 

Theme 1: No adjusting at all, with no desire to adjust. 

Theme 2: Some adjusting. The teaching is unchanged, 

except for some related examples to the specific 

vocational education.  

Theme 3: More adjusting. The teaching design is 

adjusted to the specific vocational education. 

Theme 4: Extensive adjusting. The teaching is 

integrated into the specific vocational education. 

HIGH ADJUSTMENT 

 

Figure 12. When teaching SD, teachers adjust their teaching to the specific 

vocational education programme their students attend to various 

extents and in different ways. 

 

Table 2 on the next page presents example excerpts for each theme to 

highlight the theme’s significance and demonstrate the themes’ 

distinctiveness from each other. 
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Table 2. The table presents example excerpts for each theme. 

 

Theme Excerpt 

1. No adjusting at all, 

with no desire to 

adjust. 

 

Concerning sustainable development, I think it is essential to provide a 

holistic perspective. Just because you are taking the Vehicle and 

Transport programme, not everything should be about transportation. 

Students must also know that there are economic and social points of 

view as well. Not everything is just about carbon dioxide and climate 

change, which you might easily think with regard to the Vehicle and 

Transport programme. It is important that they know that, but there are 

other things that are at least as necessary, and even though they have 

chosen a vocational programme, they need to hear the rest of the story 

as well.  

 

2. Some adjusting. 

The teaching is 

unchanged, except 

for some related 

examples to the 

specific vocational 

education.  

 

To make them think about how they themselves can contribute. I have 

students attending the vocational programme on Electricity and Energy, 

and they do not always realise they are sitting on a tremendous 

opportunity to exert influence in their professional life. 

 

I often try to give examples that have to do with their future profession. 

If it is Building and Construction, I might mention zero-energy houses. 

If it is Vehicle and Transport, I will take examples from transport. 

 

3. More adjusting. 

The teaching design 

is adjusted to the 

specific vocational 

education. 

It has been how I formulate tasks that the students work with 

concerning sustainable development. The tasks focus on resource 

utilisation in the Sales and Service programme. As compared to the 

Child and Recreation programme, where I focus more on social 

perspectives. 

 

4. Extensive 

adjusting. The 

teaching is 

integrated into the 

specific vocational 

education. 

In Vehicle and Transport, we have done a project where the students are 

in groups and have been given two cars: an electric car (or a hybrid car) 

and a fossil fuel-powered car. Students need to find out how the two 

cars work, how to connect the different parts to the battery, and how the 

oil is transported to the car. Then they compare and discuss. For this 

student group, I have replaced this activity with the energy work that 

the other groups do. I still talk about climate change and the greenhouse 

effect because that is what these cars cause. Last autumn, the vehicle 

teacher and I realised that we have several contact points. After all, this 

is how you also want the teaching on the other vocational programmes 

to work. That such collaborations can be found. But it is hard to get 

started. 
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Consequently, the results showed that some teachers did not adjust 

their teaching to the vocational education programme the students 

attend. The reason for this was the importance of providing a holistic 

perspective in teaching SD. However, most teachers adjusted their 

teaching in varying ways and extents to the vocational education 

programme the students attend.  

 

 

Paper 4 

Paper 4 aimed to explore how science teachers’ PCK for teaching SD 

can be developed through collective reflections with the support of the 

CoRe tool. The interplay between pPCK and cPCK, focusing on their 

knowledge exchange and potential development, is in focus in paper 4. 

Four themes were identified on how the collective reflections, with the 

support of the CoRe tool, stimulated teachers’ PCK development. The 

themes are (1) creating structure and a focus for learning 

conversations, (2) modification of the teaching approach, (3) 

development of new content knowledge and pedagogical knowledge in 

SD, and (4) shared language to stimulate equal opportunities for 

students to learn SD. Table 3 provides a representative excerpt for each 

theme that exemplifies and demonstrates the theme's meaning and 

significance. 
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Table 3. The table presents the results of the four themes in Paper 4 with one 

example excerpt for each theme. 

 

Theme Excerpt 

1. Creating structure 

and a focus for 

learning 

conversations 

It is a good way for us teachers to structure our discussions about a 

subject area. Because if we only talk about SD, it is so easy to slip away 

and talk about different things without noticing it, but with CoRe, it 

becomes more accessible because it provides a structure from which 

we can talk. 

 

2. Modification of 

the teaching 

approach 

I have been more into teaching the students about eutrophication and 

the details of that and why it is so unique in the Baltic Sea. To make it 

a little more connected to the three dimensions in SD and highlight 

that complexity (that it is not only the biological problem that causes 

it to be the way it is), I will add some questions that the students can 

discuss to help them see that complexity. I feel I was not helping the 

students with those dimensions in that way before. 

 

3. Development of 

new content 

knowledge and 

pedagogical 

knowledge in SD 

It was the Big Idea of ‘how energy is produced’ that we talked about at 

the meeting. On the first question: what do I expect the students to 

learn? I added what opportunities and limitations they will face. I had 

not even thought about that aspect when considering it alone. There 

is, of course, a large part that will affect the students; that students 

learn more about what future electricity production might look like 

and which future energy sources might become available. Because it is 

a time of change now, a lot is happening, so of course, they need to 

know the possibilities and limitations there. That is why I added it.  

 

4. Shared language 

to stimulate equal 

opportunities for 

students to learn SD 

For me, global warming has always been the most critical aspect to 

address in SD. Of course, it might differ between teachers, but in my 

world, it is good to have a consensus. At least it is good to be aware of 

what others are teaching. It is perhaps a least common denominator: 

that it is possible to do this in other ways as well, my way is not the 

only way. There are other ways to focus or prioritise what is 

important. I believe this kind of awareness and consensus is essential 

for achieving quality teaching. It will be a way to ensure the quality of 

teaching. With these discussions, we somehow ensure a reflection of 

the content being taught. If everyone else brings this up, why don’t I? 

It is important, and I hope we continue to reflect on these issues more. 

I think we could use this model to achieve a consensus in the future. It 

is vital that students are provided with the same learning 

opportunities. I think it would improve teaching, leading to better 

results.  
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Consequently, the results showed that the knowledge exchange 

between pPCK and cPCK and vice versa created opportunities for PCK 

development for teaching SD. Collective reflections, where teachers 

discuss teaching using reflection tools, contribute to their professional 

development in teaching SD. This anticipated outcome aligns closely 

with the theoretical foundation underpinning this thesis. Specifically, 

from a sociocultural perspective (Säljö, 2014), learning implies 

mediation (Vygotsky, 1978), facilitated through communication within 

collective activities. 

 

 

Summarising the main results connected to the research question 

of the thesis 

The main results from the four papers can be summarised as follows 

regarding the research question of this thesis: How can science 

teachers’ PCK related to teaching SD be captured and developed from 

individual and collective perspectives? 

 

The science teachers’ content in teaching SD was captured as relating 

to energy and global warming, ecosystem services and biodiversity, 

harmful substances and materials in nature, and the imbalance of 

natural substances in nature. The teachers’ justification for the content 

was that they wanted to give the students a local-global perspective as 

well as an ecological, social, and economic perspective. They also 

wanted their students to have faith in the future and be able to act on 

an individual level and in global cooperation. Finally, they wanted their 

students to be able to participate in society by having a general 

scientific education.  

 

In combination, the reflective tools CoRe and video-based reflection 

supported the teachers’ ePCK plan-teach-reflect pedagogical reasoning 

process. In turn, that allowed teachers to deepen and create 

opportunities for their pPCK for teaching SD to be developed. 

 

The learning context included in the RCM matters; however, it matters 

differently and to various extents for different teachers. The results 

reveal a range of responses when examining the learning context of 

various vocational education programmes and assessing whether and 
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how teachers adjust their instruction for SD accordingly. Some 

teachers do not wish to modify their teaching, others adjust to varying 

degrees, and a subset of science teachers prefer to integrate their SD 

teaching with the vocational programmes their students are enrolled 

in. This result illustrates how teachers’ PCK for teaching SD can be 

understood within the specific learning context of vocational 

education. 

 

Through collective reflections with the support of the CoRe tool, the 

knowledge exchange between pPCK and cPCK and vice versa allowed 

the PCK for teaching SD to be developed. First, the results show that 

the CoRe can create structure and focus for a learning conversation. 

The learning conversations, or in other words, collective reflections, 

opened up possibilities for modifying the teaching approach and 

developing new content and pedagogical knowledge for SD. These 

collective reflections can also create a shared language concerning SD 

among the teachers, stimulating equal opportunities for students to 

learn SD. 
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Discussion 

This chapter will discuss the results and relate them to other research, 

policy documents from the UN concerning SD and ESD, and the 

theoretical foundations that underlie this thesis. The first chapter will 

discuss how to capture teacher knowledge through the framework of 

RCM. The second chapter will argue that science teachers are of great 

importance to a sustainable future. The third chapter will discuss the 

role of PCK in teaching SD. Finally, in the fourth chapter RCM is put in 

a broader context of SD. 

 

 

Capturing teacher knowledge through the framework of RCM  

The theoretical background framing this thesis is teachers’ professional 

knowledge, which characterises teaching as a complex cognitive skill. 

Referring back to the background chapter, it is worth reiterating that 

the term PCK was introduced by Shulman (1986, 1987) to emphasise 

the importance of the unique amalgam of content knowledge and 

knowledge of pedagogy that a teacher needs to promote students’ 

understanding. More than 30 years later, a revised model of PCK, the 

RCM of PCK (Carlson et al., 2019), was agreed on among PCK research 

scholars. The RCM (Figure 2) describes the complex layers of 

knowledge that shape and inform teachers’ practice, which in turn 

mediates student outcomes. A key feature in the model is the three 

realms of PCK, and inherent in developing these forms of PCK are the 

contributions of teachers, students, peers, researchers, and others. 

Carlson et al. (2019) invite the PCK research community to start using 

the RCM of PCK. 

 

In line with numerous studies in the field of PCK, the CoRe has been 

used as a reflective tool in this thesis. As described in the background 

chapter, the CoRe has been proven successful in making tacit PCK 

explicit (Bertram & Loughran, 2012; Hume & Berry, 2013; Kind, 2009; 

Nilsson & Loughran, 2012). Nowadays, CoRe is used frequently in 

research connected to different realms of PCK in RCM (Buldu & Buldu, 

2021; Buma & Nyamupangedengu, 2023; Coetzee et al., 2022; Mazibe, 

2023; Papantonis Stajcic & Nilsson, 2024). That relates to this thesis, 
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where CoRe has been used to investigate ePCK, pPCK (paper 2), and 

pPCK, cPCK (paper 4) and the knowledge exchange between them. 

  

Previous research using RCM as a theoretical framework has, just like 

the papers within this thesis, primarily focused on different realms of 

PCK, rather than RCM as a whole. Paper 2 of this thesis focused on the 

knowledge exchange between ePCK and pPCK, and vice versa, which is 

similar to other recent publications, including Koberstein-Schwarz and 

Meisert (2022), Kulgemeyer et al. (2020), and Behling et al. (2022b). 

Like Buldu and Buldu (2021), Cooper et al. (2022), and Ellebæk (2021), 

paper 4 of this thesis focused on pPCK and cPCK and their knowledge 

exchange. So far, there seems to be limited research concerning the 

learning context in RCM in the way that has been performed in paper 

3 of this thesis.  

 

Accordingly, research is still sparse regarding examining all three PCK 

realms (and the knowledge exchange between the realms) and the 

learning context within the same research project and content. The 

four papers this thesis frames together create a whole in such a way that 

the entire RCM is illuminated regarding teacher knowledge for 

teaching SD.  

 

The papers in this thesis together highlight that it is valuable to engage 

with the theoretical framework RCM of PCK and to do so in its entirety 

with all three realms of PCK and the learning context to gain knowledge 

about teachers’ PCK for teaching SD.  

 

 

Science teachers are of great importance to a future sustainable 

world  

Researchers express an urgent need to reconnect development to the 

Earth system foundation through active stewardship of human actions 

into prosperity within planetary boundaries. Humanity has become the 

most significant force in shaping the Earth’s future and the 

Anthropocene requires a transformative change to provide a 

sustainable future (Folke et al., 2021; IPCC, 2023; Rockström, 2015). 

Education is a vital and fundamental strategy for creating SD on Earth, 

which has been accepted for a long time: ‘…education is our best chance 
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of promoting and rooting the values and behaviours which sustainable 

development implies’ (UNESCO, 2006, p. 16). Thus, UNESCO’s vision 

for ESD is: 

Education for sustainable development (ESD) gives learners of all ages 
the knowledge, skills, values and agency to address interconnected 
global challenges including climate change, loss of biodiversity, 
unsustainable use of resources, and inequality. It empowers learners of 
all ages to make informed decisions and take individual and collective 
action to change society and care for the planet. ESD is a lifelong 
learning process and an integral part of quality education. It enhances 
the cognitive, socio-emotional and behavioural dimensions of learning 
and encompasses learning content and outcomes, pedagogy and the 
learning environment itself. (UNESCO, 2023). 

The question is how this vision can become reality. It has been stated 

that teachers have an important mission when teaching SD, but how do 

teachers reason about teaching SD, and how can teacher knowledge be 

developed over time to educate students to meet the world’s changing 

needs? This thesis is based on the assumption that exploring teacher 

knowledge in teaching SD should be a piece of the puzzle to realise the 

vision for ESD. Teacher knowledge indicates ‘the whole of the 

knowledge and insights that underly teachers’ actions in practice’ 

(Verloop et al., 2001, p. 446). Knowledge about how teachers design 

and develop their teaching of sustainability is vital as teachers have a 

crucial role for students’ development of knowledge and skills to cope 

with SD issues (Hungerford, 2010). 

 

Studies show that environmental problems, such as climate change, 

affect the psychological well-being of people. In an international survey 

of 10,000 children and young people (aged 16-25 years), almost half of 

the respondents answered that their feelings about climate change 

negatively impacted their daily lives. More than half of the respondents 

reported each of the emotions: sad, anxious, angry, powerless, helpless, 

and guilty (Hickman et al., 2021). Considering the world’s current 

situation with alarming climate change and rapid loss of biodiversity 

(Folke et al., 2021) and the feelings children and young people have 

about sustainability issues (Hickman et al., 2021), teaching SD 

nowadays is even more essential and complex than ever. 

Unfortunately, research indicates that many teachers have low self-

efficacy in teaching SD (Evans et al., 2016; Redman et al., 2021) and 
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experience uncertainties about teaching and achieving the learning 

outcomes (Andersson, 2017). Therefore, providing teachers with 

opportunities to capture, become confident in, and develop their 

knowledge in teaching SD should probably be of the outmost 

importance, which is in line with UNESCO’s standpoint: ‘In order to 

guide and empower learners, educators themselves need to be 

empowered and equipped with the knowledge, skills, values and 

behaviours that are required for this transition’ (UNESCO, 2020, 

p.30). This thesis addresses teacher knowledge – what teachers need 

to know and do in their teaching to stimulate students’ learning of SD, 

as well as their abilities to act for a sustainable future. The theoretical 

framework of PCK and the RCM can be an important lens when 

teachers concretise ESD into teaching SD. The next chapter will focus 

on the role of PCK in teaching SD. 

 

The role of PCK in teaching SD  

When the four papers are connected into a whole, and the research is 

viewed from a deeper perspective that goes beyond the papers’ research 

questions, it becomes apparent that this thesis provides an additional 

contribution beyond what the four papers can give separately. The four 

papers’ findings show that teachers need a well-developed PCK with a 

particular focus on SD-related content in order to perform holistic, 

participatory, and action-oriented teaching to stimulate emotional and 

behavioural learning dimensions. Thus, teachers’ PCK is central to 

promoting student’s learning about sustainability issues in line with 

the definition of SD and vision of ESD. Below is an account of this 

position, based on the four papers. 

 

In paper 1, the findings from the teachers’ CoRe and the connected 

interviews, where the teachers explained their CoRe in depth, showed 

that PCK is central for teachers to be able to teach SD in ways that 

might prepare students to handle societal challenges related to SD. 

Interestingly, despite SD’s interdisciplinary nature, the teachers 

formulated their Big Ideas with a content mainly from the 

environmental perspective (Figure 9). One reason for this may be that 

science teachers have a science educational background, which means 

that the environmental perspective is the one they have the most 
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knowledge about and interest in. Another reason could be that the 

teachers consider that perspective superior to the other two. However, 

the teachers did highlight the social and economic perspectives that 

correspond to the United Nations’ (2002) three pillars of SD – as first 

expressed at the UN World Summit in Johannesburg – more 

frequently in the interviews. When the teachers justified the content, 

they also highlighted the local-global perspective, a common thread in 

the DESD and the Global Action Programme (UNESCO, 2018; United 

Nations, 2014). As can further be seen in the results of paper 1, the 

teachers’ PCK included reasoning about a balancing act of stimulating 

students’ understanding of the seriousness of environmental problems, 

while still believing in and hoping for the future and caring about the 

importance of SD for Earth. Thus, teachers need PCK to handle and 

stimulate emotional and behavioural dimensions of learning among 

their students, just as stated in the UNESCO roadmap for ESD (2020). 

In line with Ojala (2015), the teachers embraced a future-oriented, 

positive, and solution-oriented communication style (as an 

instructional strategy) to cope with the emotional aspect the teaching 

can imply. Further, the results showed that teachers used their PCK 

(e.g. their knowledge of students) to foster behaviour/action 

competence among students, both individually and in cooperation with 

others, just like what is stated in the vision for ESD (UNESCO, 2023). 

This result differs from other research showing that teachers’ interest 

in cultivating action competence is not always very great (Sinakou et 

al., 2022). However, Olsson et al.’s (2022) longitudinal study shows 

that developing students’ action competence within teaching is 

possible. Finally, the teachers highlighted the importance of general 

scientific education in preparing and strengthening the students to be 

a part of society, which is highly connected to the democratic and 

participatory part of the ESD policy (UNESCO, 2018) and which is also 

explored in research (Læssøe, 2010; Lundegård & Caiman, 2019; 

Mogensen & Schnack, 2010; Sund, 2015). Consequently, it is essential 

to capture and make visible teachers’ PCK for teaching SD to enable 

them to reflect and develop even further. 

 

Figure 11 shows the results presented in paper 2. The plan-teach-reflect 

pedagogical reasoning process for ePCK may develop the teacher’s 

pPCK for teaching SD with the support of CoRe and video-based 
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reflection. The input pPCK for one of the teachers was: The 

understanding of the three dimensions of SD is in the foreground. This 

highlights the interdisciplinary aspects of SD, where environmental, 

social, and economic dimensions are integrated (United Nations, 

2002). Research has shown that students often recognise the three 

dimensions of SD, but only have a superficial understanding of them 

(Walshe, 2008) and have problems describing how the three 

dimensions relate to each other (Manni et al., 2013). Therefore, a well-

developed PCK for teaching SD is essential. The input pPCK for the 

second teacher was: With both heart and brain, the students must 

understand the importance of stopping global warming to achieve 

SD. This highlights the teachers’ willingness and aspiration to develop 

students’ socio-emotional and behavioural learning, which relates to 

UNESCO’s (2023) ESD vision. The findings of output pPCK 

highlighted by the first teacher are: Develop teaching by more clearly 

introducing the role of politics in achieving SD and by the second 

teacher: Develop teaching by more reality-related reasoning, such as 

for example climate refugees. In their output pPCK, the teachers raised 

the importance of being able to address issues such as democratic 

values (Mogensen & Schnack, 2010), critical thinking (Walls, 2011), 

emotional aspects (Eilan & Trop, 2011; Ojala et al., 2021) and solidarity 

(Torbjörnsson, 2014). Also, the teacher’s output pPCK concretises the 

science syllabus, which states that teaching must include different 

aspects of SD, such as human rights (Swedish National Agency for 

Education, 2024b). Thus, it becomes clear that research on how to 

develop teachers’ PCK is central to realising the ESD vision from the 

UN. 

 

In paper 3, the learning context was investigated regarding which 

vocational programme the students attended and how and to what 

extent teachers’ PCK for teaching SD was adjusted based on that. As 

time is short for humanity to reconnect development to the Earth 

system foundation (Rockström, 2015), it may be assumed that 

examining teachers’ PCK for teaching SD linked to the vocational 

programme that the students attend is valuable, as those students will 

soon be entering professional work. In their professional working lives, 

they will have the opportunity to make informed decisions and take 

action to take care of the planet in accordance with UNESCO’s (2023) 
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aspiration. Table 2 presents one example of a quote per theme of the 

results in paper 3. Those quotes will now be used as examples to 

compare them to previous research and ESD policies. In the quote for 

the first theme, the connection to ESD is explicitly expressed by the 

teacher, who asserts the importance of giving the students a holistic 

perspective on sustainability. This is consistent with UNESCO (2020), 

which describes ESD in terms of a holistic approach. In the quote for 

the second theme in Table 2, the teacher expressed the importance of 

arranging the teaching so that the students will be aware of the 

significance of contributing to sustainability in their upcoming 

professional life. The statement connects to ESD in terms of action 

competence, as it means that teachers create opportunities for students 

that provide them with the competence to act for SD (Brandt et al., 

2022; Jensen & Schnack, 1997; Lundegård & Wickman, 200, 2012; 

Lundegård, 2018; Olsson et al., 2022; Van Poeck et al., 2023). This 

result can be compared with previous research showing that teachers’ 

instructional methods for cultivating action competence are not very 

ample and would benefit from being more extensive (Sinakou et al., 

2022). The quote for the third theme relates to the participatory 

perspective of ESD (Karaarslan-Semiz, 2022). The teacher adjusts the 

teaching to students’ interests, such as the vocational programme they 

have chosen, in order to create authenticity. Lundegård and Caiman 

(2019) have reviewed different forms of democratic participation in 

teaching for SD, and one of them is that teaching is authentic. The 

quote for the fourth theme in Table 2 shows that the teacher wanted 

the students to understand global warming by letting the learning 

environment itself (UNESCO, 2020) be an integral part of the teaching.  

 

Paper 4 indicates the great importance of teachers’ conversations and 

reflections with colleagues in groups, in line with previous research 

(e.g. Bravo & Cofré, 2016; Mok & Park, 2022; Mårtensson, 2019; 

Nilsson, 2014). The results show that collective reflections together 

with colleagues in a structured and reflective way allow PCK 

development for teaching SD. The CoRe tool made it possible for 

teachers to capture the content and their justifications for that content 

regarding teaching SD, which is a prerequisite for sharing with others 

and thus developing PCK. Also in paper 4, the teachers’ reflections 

relate to ESD perspectives in several ways. For example, the way 
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teachers reflected together to create a shared language to stimulate 

equal opportunities for students to learn SD is in line with research that 

targets structures in school operations to enable teacher professional 

development. A whole school approach for ESD is desirable and 

requires a joint commitment among teachers and principals, where the 

school needs to create structures to favour and maintain this 

commitment in the form of professional development and capacity 

building (Forssten Seiser et al., 2023; Gericke & Torbjörnsson, 2022; 

Mathie & Wals, 2022; Mogren et al., 2019). Thus, the results in paper 

4 shows that developing teachers’ cPCK for teaching SD with the 

support of CoRe and collective reflections is valuable when seeking to 

realise a whole school approach.  

 

In conclusion, all the results from papers 1 to 4 show that a well-

developed PCK for teaching SD is important for science teachers in 

order to perform holistic, participatory, and action-oriented teaching 

to stimulate emotional and behavioural learning dimensions. These 

aspects have been raised in the ESD literature, which I claim indicates 

the crucial relationship between teachers’ PCK and ESD. In this thesis, 

I make use of that conclusion and propose that the research fields of 

PCK and ESD benefit from each other from both sides. I encourage 

research in the ESD field to embrace PCK as a valuable aspect when 

investigating the what, how, and why concerning teaching SD. In order 

to teach SD, teachers need content knowledge, as well as knowledge of 

how to perform teaching in a way that makes a change to students’ 

learning, as well as their beliefs and attitudes. As a general concept, 

ESD needs to be concretised with those aspects of PCK that teachers 

need to promote students’ understanding of the complex inequalities 

and environmental problems humanity has caused and that are present 

in our daily lives. Teachers need a well-developed PCK to prepare 

students for the complex future. On the other hand, I also want to 

propose an approach to the PCK research field, where the 

contemporary broader societal context of SD influences teachers’ PCK. 

I will now describe the proposal related to RCM in more detail.  
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RCM in a broader context of SD 

Science teaching and learning always takes place in a context. The 

prevailing sustainability context in society, such as increasing media 

reporting about sustainability issues (Kunelius & Roosvall, 2021), 

humans’ emotions concerning climate change (Hickman et al., 2021), 

and not least, alarming research facts about tipping points that may 

irreversibly alter the state of the Earth system (IPCC, 2023; Rockström, 

2015), may likely affect the teaching and learning in science education.  

 

The background chapter of this thesis presented Gess-Newsome’s 

(1999) Transformative and Integrative model. Both models contained 

the following three categories of teacher knowledge: subject matter (i.e. 

content), pedagogy, and context.  As such, both models highlight the 

central role of the context for teachers’ PCK. This reasoning can also be 

linked to and described by the sociocultural perspective of this thesis’s 

theoretical foundations. Teaching is always influenced by the cultural 

context of society, the school, and the classroom (Säljö, 2020). 

However, rather than positing a linear relationship in which context 

precedes and subsequently influences human action, it is more 

accurate to recognise that human actions are intrinsically involved in 

creating and reforming contexts. This dynamic interplay suggests that 

context and human action are mutually constitutive, each shaping and 

reshaping the other in an ongoing process (Säljö, 2014). Accordingly, I 

advocate that the prevailing SD context in society influences science 

teachers’ PCK, which is also what the results in this thesis demonstrate. 

On the other hand, I also believe that teachers and their students can 

influence the sustainability context in society in the direction of a 

sustainable future for Earth. 

 

In Figure 13, I propose how RCM can be expanded to demonstrate the 

broader societal context of SD that our present is characterised by and 

in which teachers and students act. At the UN World Summit on SD, 

held in Johannesburg in 2002, the three pillars of SD were expressed 

for the first time: economic development, social development, and 

environmental protection. The Venn diagram to the left in Figure 13 

illustrates how SD involves the three integrated pillars: economic, 

social and environment. On the right in Figure 13 is the RCM with an 

outer layer on top. That layer has the pattern at the intersection in the 
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left figure. Thus, that outer layer symbolises the broader societal 

context regarding SD, which I claim influences teachers’ knowledge. 

From this outer layer, arrows go into the next layer in the RCM. 

Consequently, the broader context influences teachers’ professional 

knowledge bases (content, pedagogical, student, curricular and 

assessment knowledge). Via knowledge exchange, cPCK is also 

influenced by the broader outer context. The RCM’s transparent white 

icons symbolise the contributions of teaching colleagues, educational 

researchers, scientists, and other specialists through professional 

exchanges, journal articles, and professional learning experiences 

(Carlson et al., 2019). As seen in the cPCK layer in RCM, it includes 

contributions from others. With influence from the broader SD 

context, according to Figure 13, these others may, for example, involve 

researchers in the SD field from different disciplinary perspectives. 

From the cPCK, a bi-directional arrow goes to the learning context and 

then to the pPCK. Here, students and others contribute to teachers’ 

pPCK. The transparent yellow icons in the model illustrate 

contributions from all students the teacher has taught throughout their 

career (Carlson et al., 2019). An example of how the outer context in 

Figure 13 may influence this is that students in the same classroom may 

have solid but different feelings concerning the SD content in the 

teaching, and the teachers need to have knowledge of how to handle 

this fruitfully. From pPCK, a bi-directional arrow goes to ePCK, and 

centred in the model are the teacher’s knowledge and skills, which, 

according to Figure 13, are influenced by the prevailing sustainability 

context in society. The students’ outcomes (solid yellow icons) are thus 

also influenced, and their knowledge is hopefully enriched so that they 

can pursue a sustainable future for Earth. 

 

However, as the arrows between the layers are bi-directional, this 

process goes in both directions back and forth. A metaphor can be to 

imagine that you rotate the RCM a quarter turn and think of it like a 

layer cake. When you take a spoon from the cake, all the different layers 

come with it. Consequently, all the layers influence each other and are 

essential to the overall PCK. Therefore, it becomes clear that the 

broader context of SD influences all parts of RCM and, thus, teachers’ 

PCK. In RCM, there is already a layer that takes up the meaning of the 

context, namely the learning context. However, Carlson et al. (2019) 
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describe the learning context in a narrower sense – connected to 

education, school, and students – than the broader societal context that 

my suggestion with an additional outer layer includes. 

 

 

 
 

Figure 13. The figure symbolises RCM in a broader context of SD. 

 

To streamline and clarify the subsequent discussion in this thesis, I 

suggest the term PCKSD as a descriptive label for how SD issues 

influence the context in which teachers and students act. As such, 

PCKSD does not demonstrate a ‘new’ form of PCK; it highlights the 

complex knowledge teachers need when teaching SD. Thus, in 

accordance with Figure 13, PCKSD can be present in all three realms of 

PCK, such as ePCKSD, pPCKSD, and cPCKSD. 

 

To explain what PCK that has been influenced by the broader context 

of SD (as Figure 13 symbolises) can entail, some examples of PCKSD will 

now be outlined related to the professional knowledge bases: (1) 

assessment knowledge, (2) content knowledge, (3) curricular 

knowledge, (4) knowledge of students, and (5) pedagogical knowledge 

(Carlson et al., 2019). Assessment knowledge (1) encompasses 

teachers’ knowledge of assessments, including the design of 



93 

 

 

assessments and actions taken based on assessment data. For PCKSD, 

an ability to design assessments and assess students’ development of 

action competence ability is also required. It could thus be suggested 

that the assessment knowledge that contributes to a teacher’s PCKSD 

requires an additional dimension compared to assessment knowledge 

in many other science topic areas. Content knowledge (2) refers to the 

part of teachers’ subject matter knowledge relevant to the teaching 

task. For PCKSD, interdisciplinary knowledge is required. The teachers’ 

ability to tie together and master the environmental subject matter 

knowledge in relation to an economic and social perspective is central. 

Further, in turn, that requires knowledge of several subject areas. In 

addition to science (chemistry, biology, physics, and geology), 

knowledge of history, social studies, cultural geography, etc. is also 

required. Curricular knowledge (3) concerns teachers’ curriculum 

knowledge, encompassing its goals, structures, scope and sequence. 

For PCKSD, in addition to this, teachers are required to include and 

concretise overall policy documents from the UN and UNESCO, such 

as the 2030 Agenda and the SDGs. Knowledge of students (4) pertains 

to teachers’ knowledge of students’ cognitive development and 

variations in their approaches to learning. For PCKSD, teachers are also 

required to handle students’ feelings concerning sustainability issues 

and the complexity of teaching SD, which can cause tension among 

students in the classroom. Pedagogical knowledge (5) relates to 

teachers’ general skills in teaching. For instance, it encompasses 

teachers’ knowledge and skills in learning theories and classroom 

management. For PCKSD, the teacher is also required to design the 

teaching in a participatory way to empower students to make informed 

decisions and take individual and collective action to change society 

and care for the planet.  

 

PCKSD concerns science teachers’ distinctive knowledge when teaching 

SD. The teachers who generated the data for this thesis had the subject 

of science and taught about sustainability issues. However, the 

question is whether PCKSD can apply to all science teachers, regardless 

of the subject or teaching content. Given the reasoning above 

concerning RCM in a broader context of SD, I argue that it can, 

although how and to what degree will vary.  
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Finally, I hope that this thesis’s results and the pertinent reasoning 

advanced in this discussion can provide a counterargument to the 

criticism the PCK framework has occasionally received. Such criticism 

includes that the framework is weak and gives false hope when using it 

in research: ‘that PCK is so narrow in scope and shallow in impact is 

obvious by looking across time and settings’ (p. 2) ‘…PCK is equivalent 

to a mirage in the desert’ (p. 1) (Settlage, 2013). The criticism also 

includes claims that PCK does not address issues of diversity and equity 

(Dyches & Boyd, 2017). Working as a science teacher and teaching SD 

requires exceptional and developed teacher knowledge that also needs 

to be continuously developed. This thesis has contributed researched 

insights about what this might look like.  
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Conclusions and recommendations 

The overall research question for this thesis is: How can science 

teachers’ PCK related to teaching SD be captured and developed from 

individual and collective perspectives? With the term PCKSD 

incorporated, the main conclusions are: 

 

1. Science teachers’ content choice when teaching SD can be about 

energy and global warming, ecosystem services and biodiversity, 

harmful substances and materials in nature, and the imbalance 

of natural substances in nature.  

 

2. The combination of reflective tools CoRe and video-based 

reflection supports teachers’ ePCKSD plan-teach-reflect 

pedagogical reasoning process. This creates opportunities for 

pPCKSD to develop. 

 

3. Students’ various vocational education programmes can be seen 

as filters and amplifiers in the learning context of RCM. The 

conclusion is that teachers’ PCKSD varies in terms of how they 

adjust their teaching to different vocational education 

programmes. 

 

4. Collective reflections with the support of the CoRe tool create 

opportunities for knowledge exchange between pPCK and cPCK 

and vice versa concerning teaching SD, which allows the 

development of pPCKSD and cPCKSD. This offers scope to create 

a shared language concerning SD among the teachers, 

stimulating equal opportunities for students to learn SD. 

 

5. Finally, my conclusion is that the theoretical framework of RCM 

as a whole can advantageously be used to explore science 

teachers’ PCKSD. 

 

Based on the conclusions of this thesis, I would like to make the 

following recommendations: 
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For further research: 

A recommendation is to conduct more research using the full RCM and 

focusing on knowledge exchange between all the PCK realms as a 

whole. 

 

Further research on PCKSD is also recommended. 

 

For practice:  

Teaching SD is complex; therefore, the findings presented in papers 1, 

2, and 3 can support and inspire upper secondary science teachers 

when deciding how to implement SD teaching. 

 

Paper 4 can support and inspire teachers when planning and deepening 

their knowledge about teaching SD. However, policymakers and 

principals can also be inspired to structure the internal organisation to 

allow the science teachers to develop ePCKSD, pPCKSD and cPCKSD. 
 

This thesis can inspire student teacher educators in how they can 

educate student teachers in the complex task of teaching SD. 

 

For all of us: 

We must continue to work together for sustainability on Earth. We 

must not give up hope of a world worth living in for the coming 

generations. Finally, as the closing words for this thesis, I would like to 

bring forth a quote from Executive Secretary Simon Stiell’s speech at 

the COP28: 

My final message is to ordinary people everywhere raising their voices 
for change. Every one of you is making a real difference, in the crucial 
coming years your voices and determination will be more important 
than ever. So, I urge you never to relent. (UN Climate Change, 2024). 
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Svensk sammanfattning 
 

 

Inledning med syfte och forskningsfråga 

Omfattande och internationell forskning slår fast att mänskligheten 

har försatt jorden i en situation präglad av allvarliga miljöproblem 

(t.ex. IPCC, 2023; Rockström et al, 2009). Förenta nationerna (FN) 

(2022) uttrycker att världssamfundet omedelbart behöver samarbeta 

och hitta strategier för att hantera dessa problem, för att skapa en 

hållbar utveckling (HU). Begreppet HU definierades första gången i 

FN:s rapport ”Vår gemensamma framtid” som en utveckling som 

tillfredsställer dagens behov utan att äventyra kommande 

generationers möjligheter att tillfredsställa sina behov (WCED, 1987). 

Sedan begreppet HU introducerades internationellt har forskning om 

utbildning relaterad till HU utvecklats, med utgångspunkt i att skolan 

är en viktig faktor för att samhället ska uppnå HU. Skolan har en unik 

möjlighet att skapa kunskap och förmåga hos samhällets framtida 

vuxna medborgare (Boeve‐de Pauw et al., 2015; Timm & Barth, 2021; 

UNESCO, 2012). Begreppet utbildning för hållbar utveckling (UHU) 

etablerades, och det är ett brett, dynamiskt och komplext begrepp som 

används flitigt både inom forskning och i politiska styrdokument. 

UNESCO (2020) beskriver att UHU innebär en lärandeprocess som 

förbättrar kognitiva, sociala, emotionella och beteendemässiga 

dimensioner av lärande. UHU är holistisk och omfattar 

lärandeinnehåll, pedagogik och hela lärmiljön. 

 

Denna avhandling fokuserar på naturkunskapslärares undervisning 

om HU på gymnasiet och utforskar vilket innehåll lärarna lyfter fram, 

hur de omsätter detta innehåll i undervisningen, samt deras egen 

utveckling och lärande i undervisning om hållbarhet. För att skapa 

kunskap om detta valdes det teoretiska ramverket Pedagogical Content 

Knowledge (PCK) för att beskriva och förstå den unika kunskap som 

lärare behöver för att undervisa elever om HU på ett sätt som främjar 

deras utveckling och lärande. För nästan 40 år sedan introducerade 

Shulman begreppet PCK och hävdade att lärares kunskap om 

ämnesinnehåll och didaktisk kunskap är oskiljaktiga för att främja 

elevers lärande (Shulman, 1986, 1987). Begreppet PCK är svårt att 

översätta rakt av till svenska, då begreppet ursprungligen utvecklades 
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i en engelskspråkig kontext, men kan benämnas ämnesdidaktisk 

kunskap (Nilsson, 2012). PCK är således den komplexa kunskap som 

lärare utvecklar genom erfarenhet över tid och handlar om att 

undervisa ett särskilt innehåll på ett särskilt sätt för att förbättra 

elevers förståelse (Gess-Newsome, 2015). Den nuvarande modellen för 

PCK, som är framtagen av en grupp internationella PCK-forskare, är 

den ”förfinade konsensusmodellen” (från engelskans Refined 

Consensus Model, RCM) (Figur 2). Modellen utmärks av att den har 

tre dimensioner av PCK. En dimension är personlig PCK (pPCK), som 

är individuell för varje lärare. En annan dimension är uttryckt PCK 

(ePCK), vilket innebär den PCK som tillämpas av läraren under själva 

undervisningsgenomförandet. Den sista dimensionen är kollektiv PCK 

(cPCK), vilket avser den PCK som delas tillsammans med andra. Det 

kan vara alltifrån en grupp med lärare, till hela forskarsamfundet. 

Modellen innefattar även en dimension som tar upp lärandekontextens 

påverkan (Carlson et al., 2019). 

 

Att identifiera och utveckla PCK är komplext, då lärares professionella 

kunskap ofta är implicit och svår att uttrycka och dela med andra. För 

att möta behovet av att identifiera och beskriva PCK utvecklade 

Loughran et al. (2004) reflektionsverktyget ”Content Representation” 

(CoRe). Reflektion är en viktig förutsättning för att en yrkesprofession 

ska utvecklas (Schön, 1983). Verktyget CoRe innebär att lärare 

formulerar ”Big Ideas” som de besvarar utifrån ett antal frågor (se 

Figur 4). På så vis stödjer och underlättar CoRe lärares reflektion kring 

undervisningen av ett valt ämnesinnehåll. Den stärker lärares förmåga 

att göra sin PCK explicit (Bertram & Loughran, 2012; Loughran et al., 

2004; Mitchell et al., 2017). Ett annat välanvänt verktyg som kan 

stimulera reflektion är video. Forskning har visat att videostimulerad 

reflektion är framgångsrikt för att fånga och utveckla PCK hos lärare 

(t.ex. Chan & Yung, 2015). I denna avhandling användes både CoRe och 

video för att stimulera lärares reflektion över den egna undervisningen 

om HU. Lärarna reflekterade både individuellt och kollektivt i samtal 

mellan kollegor. Kollektiva reflektioner har använts i tidigare PCK-

forskning (t.ex.  Bertram & Loughran, 2012; Loughran et al., 2004; 

Mitchell et al., 2017). Emellertid behövs mer forskning om hur 

kollektiva reflektioner kan stödja utveckling av PCK (Park, 2019), då 

antalet forskningsstudier är begränsat.  
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Den teoretiska grunden för denna avhandling är främst hämtad från 

Vygotskys, Deweys och Schöns resonemang, där centrala begrepp är 

mediering, reflektion och erfarenhet.  

 

Syftet med denna avhandling är att identifiera och beskriva 

naturkunskapslärares PCK i undervisning i HU och förstå deras PCK-

utveckling med hjälp av reflektionsverktyg och kollektiva reflekterande 

samtal. Avhandlingen har följande forskningsfråga: 

 

Hur kan naturkunskapslärares PCK relaterat till undervisning i HU 

identifieras och utvecklas ur individuella och kollektiva perspektiv? 

 

 

Metod 

All empiri som ligger till grund för den här avhandlingen är kvalitativ. 

I forskningsprojektet deltog 18 verksamma gymnasielärare i 

naturkunskap från olika delar av Sverige. Deltagandet baserades på 

frivillighet samt att man var utbildad lärare och aktivt arbetade med 

undervisning i kursen Naturkunskap 1a1 och/eller i kursen 

Naturkunskap 1b på yrkesprogram och högskoleförberedande 

program. De 18 lärarna delades in i tre olika grupper som genomförde 

projektet parallellt. I två av grupperna arbetade lärarna i samma skola 

och kände varandra sedan tidigare då de tillhörde samma ämneslag i 

naturkunskap på skolan. I den tredje gruppen kände inte lärarna 

varandra sedan innan och de arbetade på olika skolor. 

Forskningsprojektets design och datainsamling bestod av nio steg: 

 

1. Uppstartsmöte i grupperna. Introduktion till PCK, RCM och 

CoRe.  

 

2. Varje lärare konstruerade enskilt en CoRe inom ämnesområdet 

HU. 

 

3. Enskilda intervjuer utfördes där lärarna fick fördjupa sina 

resonemang utifrån sin CoRe. 
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4. Gruppvis fick lärarna reflektera tillsammans om sina Big Ideas i 

CoRe via ett möte med en fast struktur.  

 

5. En av respektive lärares lektioner, som baserades på delar av 

deras CoRe, videofilmades. 

 

6. Videon användes för en individuell videostimulerad intervju, där 

ett fördjupat resonemang om undervisningen kopplat till CoRe 

möjliggjordes. 

 

7. De tre grupperna delades upp i mindre undergrupper om två till 

fyra deltagare. Lärare som hade uttryckt snarlika Big Ideas 

placerades i samma grupp. De kollektiva reflektionerna utgick 

ifrån valda Big Ideas i lärarnas CoRe och fokuserade på frågorna 

i CoRe-verktyget relaterat till respektive Big Idea. Lärarna fick 

givna frågor som stöd för sina kollektiva reflektioner. 

  

8. Lärarna reviderade sina CoRe individuellt utifrån vad de lärt sig. 

 

9. Enskild intervju om revideringen av CoRe utfördes, med 

koppling till yrkesprogram och ett övergripande perspektiv på 

hela projektet.  

 

Intervjuerna varade 60 minuter och var semistrukturerade. De 

kollektiva reflektionerna varade även de ungefär 60 minuter. Samtliga 

ljudinspelades.  

 

När datainsamlingen var genomförd transkriberades data, varefter 

analys tog vid. De fyra artiklarna som avhandlingen bygger på baseras 

på olika delar av empirin från forskningsprojektet. För artikel 1 var alla 

18 lärares CoRe och tillhörande intervju, underlag för analys och 

resultat. För artikel 2 var de 11 lärarna som videofilmades i fokus, och 

underlag för analys var deras CoRe, deras videoinspelade lektion och 

den efterföljande videostimulerade intervjun. För artikel 3 var alla 15 

lärare som fullföljde projektet och således deltog i den avslutande 

enskilda intervjun underlag för analys och resultat. För artikel 4 var 

fokus på de 12 lärare som arbetade i de två grupperna som kände 

varandra sedan innan då de ingick i samma ämneslag i naturkunskap 
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på skolan. Underlag för analys och resultat var den avslutande 

intervjun, vilken hade de kollektiva reflektionerna i steg 4 och 7 ovan 

som utgångspunkt.  

 

Tematisk analys (Braun & Clarke, 2006) användes för artikel 1, 3 och 

4, och kvalitativ innehållsanalys användes för artikel 2 (Schreier, 

2014). 

 

Vad gäller de etiska övervägandena följdes riktlinjerna som är 

beslutade av Vetenskapsrådet (2017). Forskningen i den här 

avhandlingen har inte behövt granskas av etikprövningsmyndigheten, 

dock har etisk rådgivare vid Karlstads universitet granskat och godkänt 

forskningen inför uppstarten av datainsamlingen (Dnr. HNT 

2021/318). 

 

 

Resultat 

Avhandlingen presenterar fyra artiklar som är inkluderade i sin helhet. 

Nedan kommer en översiktlig sammanfattning av resultatet från de 

fyra artiklarna att ges.  

 

Naturkunskapslärarnas valda innehåll för undervisningen om HU 

innefattade fyra teman: (1) energi och global uppvärmning, (2) 

ekosystemtjänster och biologisk mångfald, (3) skadliga ämnen och 

material i naturen, samt (4) obalans av naturliga ämnen i naturen. 

Lärarna ville ge eleverna ett lokalt och globalt perspektiv, samt ett 

ekologiskt, socialt och ekonomiskt perspektiv. De ville också att 

eleverna skulle ha en tro på framtiden och få en förmåga att agera, dels 

på individnivå, dels i globalt samarbete. Vidare ville de att eleverna 

skulle erhålla en naturvetenskaplig allmänbildning och få en god 

förmåga att delta i samhället.  

 

De reflekterande verktygen CoRe och video i kombination var ett stöd 

för lärarnas ePCK när de planerade, undervisade och reflekterade över 

sin undervisning. Det skapade möjligheter för deras pPCK inom HU att 

utvecklas.  
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Vidare undersöktes lärandekontexten i RCM, med ett fokus på den 

förstärkta effekten av elevers olika yrkesprogram. Resultatet visade att 

en del lärare inte anpassar sin undervisning inom HU beroende på 

vilket yrkesprogram deras elever studerar vid. Detta eftersom de ansåg 

det viktigare att eleverna får ett helhetsperspektiv avseende HU. 

Samtidigt visade resultatet att andra lärare anpassar undervisningen 

utifrån yrkesprogram, men i olika grad och på olika sätt. En del lärare 

vill att deras undervisning i HU ska vara helt integrerad i 

undervisningen för det yrkesprogram som eleverna studerar vid. Detta 

resultat visar hur lärares pPCK i HU kan identifieras med avseende på 

den specifika aspekten av yrkesutbildning i lärandekontexten. 

 

Vad gäller de kollektiva reflektionerna med stöd av CoRe visade 

resultatet att samtalen medförde ett kunskapsutbyte mellan pPCK och 

cPCK, vilket utvecklade lärarnas PCK. Först och främst visade 

resultatet att CoRe kan skapa struktur och fokus för lärande 

konversationer lärare emellan. De kollektiva reflektionerna skapade 

möjligheter för lärare att modifiera sin undervisning och utveckla ny 

innehållslig och didaktisk kunskap inom HU. De kollektiva 

reflektionerna kan också skapa en form av gemensamt språk om HU 

bland lärare, som har möjligheten att stimulera likvärdiga 

förutsättningar för elever att lära sig om HU. 

 

 

Diskussion  

De fyra artiklarna som denna avhandling innefattar skapar, med stöd i 

RCM-modellen, tillsammans en helhet angående lärares kunskaper om 

undervisning om och för HU. Mer forskning som inkluderar alla tre 

dimensioner av PCK (ePCK, pPCK och cPCK), kunskapsutbytet som 

sker dem emellan samt lärandekontexten, behövs för att öka 

förståelsen för undervisning om HU.  

 

Avhandlingen visar att lärare behöver en välutvecklad PCK med fokus 

på HU-relaterat tvärvetenskapligt innehåll för att kunna utföra 

holistisk, deltagande och handlingsorienterad undervisning och för att 

hantera emotionella och beteendemässiga aspekter i undervisningen. 

Lärares PCK är således central för att främja elevers lärande om 

hållbarhetsfrågor för att bidra till en mer hållbar värld.  
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Baserat på slutsatserna i den här avhandlingen vill jag ge 

rekommendationer dels för fortsatt forskning, dels för praktiken. Vad 

gäller fortsatt forskning anser jag att forskningsfältet inom UHU med 

fördel kan omfatta PCK, då PCK-forskningen bidrar med en fördjupad 

förståelse för lärares ämnesdidaktiska kunskaper, val av innehåll, 

undervisningens faktiska genomförande och reflektioner kring det. Å 

andra sidan rekommenderar jag även fortsatt forskning inom PCK med 

fokus på undervisning för HU, då resultatet i denna avhandling tydligt 

visar att perspektiv som knyter an till aspekter inom UHU blir en del 

av lärarnas PCK då de lyfter ämneskunskaper kring HU integrerat med 

generiska förmågor. En annan rekommendation till forskningsfältet 

inom PCK är att utföra mer forskning med RCM som en helhet, där alla 

delar av modellen är med i en och samma forskningsstudie. 

 

Att undervisa om och för HU är en komplex uppgift. Baserat på 

resultaten i denna avhandling rekommenderas rektorer och andra 

beslutsfattare att organisera möjligheter för lärare att utvecklas 

tillsammans genom gemensamma reflekterande samtal. Lärare 

uppmanas att använda reflektionsverktyget CoRe, gärna i kombination 

med video och kollektiva reflekterande samtal, för att kontinuerligt 

stärka sin kunskap och undervisning om hållbarhet. Lärarutbildare 

rekommenderas också att inspireras av avhandlingens metoder och 

resultat för att förbereda framtida lärare för den komplexa uppgiften 

att undervisa om och för HU. 
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Appendix 1 – Interview and group meeting protocols 

 

 

Activity 3: Individual semi-structured interview 

 

1. What we are focusing on is the teaching content concerning 

sustainable development. Tell me about your Big Ideas and what 

you thought when selecting the ones you did, in terms of content 

area and number. 

 

2. If we now start with your first Big Idea, go down the chart and 

look at what you have written in the different boxes for the 

various questions. We’ll begin with the first and go down, so feel 

free to tell me a little about what you thought about each. 

 

3. Then we’ll take your next Big Idea and do the same; I would like 

to hear what you thought here. (Continue in the same way until 

all Big Ideas are accounted for). 

 

 

Activity 4: Collective reflections with a focus on Big Ideas in 

CoRe 

 

1. Each group member gets a few minutes to talk about their CoRe. 

The focus is on the formulated Big Ideas.  

 

2. Each group member gets the opportunity to ask someone in the 

group a question. 

 

3. Each group member gets a few minutes to reflect on someone 

else’s CoRe related to their CoRe. 

 

4. Free discussion. 
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Activity 6: Individual video-stimulated interview 

 

1. Describe how you planned your lesson based on your CoRe. 

 

2. We watch the film together, and on the initiative of both, we stop 

and talk about sequences in the film. 

 

3. I’ll ask you now to summarise your reflections. What is the most 

important thing you take with you? 

 

 

Activity 7: Collective reflections with a focus on questions 

within selected Big Idea 

 

Questions to have as support during the conversation. 

 

1. Select a Big Idea you have all brought up in your CoRe that is 

similar to each other. 

 

2. Start with the first question in the CoRe tool. Does it look the 

same or different regarding what is essential for students to 

learn? 

 

3. Move on to the second question. Why is it important that 

students know this? Do you have the same or different 

arguments for why it is important? 

 

4. Go to the third question. Compare what you have written. Do you 

think the same/differently? 

 

5. Go to the fourth question. What similarities and differences can 

you see regarding what difficulties and limitations may occur in 

connection with the teaching linked to this Big Idea? What do 

you learn from each other’s experiences? 

 

6. Proceed to the fifth question. Do you get new thoughts when you 

listen to each other regarding your knowledge of students’ 
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perceptions/misconceptions on the content and how it affects 

teaching? 

 

7. Proceed to the sixth question. What have you written there? 

 

8. Go on to the seventh question. What do you take from your 

colleagues’ teaching methods for this Big Idea, which you can use 

yourself? 

 

9. Proceed to the eighth question. Reason together: why have you 

chosen this particular way to find out if the students learned? 

(Within this particular Big Idea). 

 

10. In conclusion: Reflect on how you reasoned in your CoRe in 

relation to your colleagues. What do you particularly want to 

highlight regarding the possible development of your CoRe that 

the collective discussions have contributed to? What have you 

seen with the support of your colleagues? 

 

 

Activity 9: Semi-structured interview 

 

1a. You have had some time to revise your CoRe. Tell me about it and 

what you think. What changes have you made and why? 

1b. (Only for answers where no revisions have been made). What are 

the reasons why you have not chosen to revise your CoRe? 

 

2a. What has the revision contributed to your teaching concerning SD? 

In what way have you changed, or might you change your teaching? 

Give examples of this. Have you changed your mind about what the Big 

Ideas are concerning SD? 

2b. (Only for answers where no revisions have been made). Even if you 

have not chosen to revise your CoRe, you have discussed and reflected 

on it. What has that process contributed to your teaching concerning 

SD? 

 

3a. The last time we met individually, we watched the video from your 

lesson and reflected together. Did you feel it was rewarding to analyse 



125 

 

 

your teaching and reflect on it concerning what you wrote in your CoRe 

to develop your SD teaching? Did you spot something that you didn’t 

mention in your CoRe? 

3b. In what way do you think the video reflection contributes to your 

development as a teacher? 

 

4a. When we met in groups for reflective conversations, you got to tell 

us how you put your work together and heard how other science 

teachers think. In what way has this developed your PCK in teaching 

SD? In terms of your knowledge of subject content (linked to Big 

Ideas), your knowledge of how students learn and understand, and 

your knowledge of teaching? 

4b. Do you feel that you and the group have started developing a 

collective PCK for teaching SD? If so, describe how you think about it. 

4c. Do you think that teacher teams can organise the work with the 

support of CoRe? Develop the way you think. In what way can CoRe be 

a tool for planning and reflection? 

4d. In that case, how could the teacher team contribute to developing 

the teaching so that the students gain better knowledge and abilities 

regarding SD? 

 

5a. One of the questions in the CoRe tool is: ‘What is your knowledge 

of students’ perceptions/misconceptions on the subject, and how do 

these affect your teaching?’ The lesson I was in that you taught was a 

class attending the xx study pathway. Were you thinking generally or 

specifically for that class attending that particular study path? 

5b. Would you have changed your CoRe if it was a class attending a 

different study path? How so? Would your choice of teaching methods 

change? Why? Or why not? Give examples. 

 

6. In conclusion, if you think about the project as a whole: our group 

meetings, the video-recorded lesson, and our individual meetings. 

What do you think? 
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