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2
Overview
Welcome to this module on Subject and curriculum, part of your second year on the National Institute of Teaching (NIoT) Early Career Teacher (ECT) Programme. 
It’s divided into two parts: 
1. Reflecting on your practice: This includes a short reading task and a reflection activity. This will take you around 20 minutes to complete in total and you should aim to do this in the first week of the half-term. 
2. Personalised pathway: This should be completed after your first mentor meeting, once you have identified your focus area for the term. This takes around 40 minutes and you can work through this over weeks 2 to 3 of the half term. 

	Schools may wish to add any additional elements that their programme design will offer.
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[bookmark: reflectingonyourpractice]
Reflecting on your practice: Reading and reflection tasks
Estimated time to complete this section: 20 minutes 
You will begin this self-study by reading three short summaries provided to develop your understanding of some of the research that underpins subject and curriculum. You will be familiar with some of the theory from your initial teacher training and first year on the Early Career Teacher programme. In year 2 of the programme, you’ll continue to develop your knowledge and skills to apply the theory to your practice. 
After your reading, you’ll complete a short reflection to help you to think about your current practice in relation to the readings. This will help support your decision-making when you choose your focus for development this half-term. You’ll then meet with your mentor to review your diagnostic outcomes, consider your reflections and jointly consider what your focus area for development will be this half-term. 
How will this self-study develop your understanding and build your knowledge?
These readings explore the different types of knowledge, the role of misconceptions in the classroom and the teaching of critical thinking skills. They highlight the importance of both the design and development of the curriculum and the role of subject knowledge within this and classroom delivery. 
By the end of this self-study, you will have a deeper understanding of the following:
· The different types of knowledge and what this means for developing progression within the curriculum. 
· How teachers can anticipate and address misconceptions in the classroom.
· The role of corrective feedback in addressing misconceptions. 
· How teachers can effectively teach critical thinking skills and the domain specificity of this. 
Now, read each of the summaries. Then, complete the reflective task. The summaries and reflection task will help you decide, with your mentor, which research paper will best support your development this half-term. You should take your notes from this part of your study to Mentor Meeting 1: Prepare and Plan.





	Reading 1 summary
	Reading 2 summary
	Reading 3 summary



	[bookmark: Reading1summmary]Summary of Reading 1: Ask the Cognitive Scientist.  Inflexible Knowledge: the first step to expertise 
Daniel T Willingham (2002)
Willingham distinguishes between three types of knowledge: rote, inflexible, and flexible. Rote knowledge involves memorising facts without understanding their meaning, akin to reciting words without context. Inflexible knowledge refers to understanding concepts in a narrow context, where students can apply knowledge only within the specific scenario in which it was learned. This type of knowledge, though limited, is foundational and essential for developing expertise. Flexible knowledge, by contrast, allows students to apply concepts to new and varied situations, indicating a deeper understanding. Willingham emphasises that while rote learning is inadequate for complex problem-solving, inflexible knowledge is a necessary step toward expertise. Over time, through exposure to increasingly challenging problems and making connections between them, students develop flexible knowledge. Teachers and educators can foster this progression by using diverse examples, encouraging deeper thinking, and gradually increasing the complexity of problems to help students build a robust, flexible understanding of concepts.​

	[bookmark: Reading2summmary]Summary of Reading 2: Belief in Corrective Feedback for Common Misconceptions: Implications for Knowledge Revision 
Patrick R. Rich, Mariëtte H. Van Loon, John Dunlosky, and Maria S. Zaragoza (2017)
Rich et al. explore how to address misconceptions in the classroom, focusing on the effectiveness of corrective feedback and explanations. Misconceptions are common incorrect beliefs about how the world works. Teachers often try to correct these by either simply stating that a belief is wrong or by providing explanations that clarify why it is wrong. Research by Rich et al. (2017) examined whether giving these explanations, or ‘refutations’ (short statements that directly challenge a misconception and explain why it is incorrect) improves pupils' ability to correct their misconceptions and how much this depends on their willingness to believe the feedback.
In their study, university students answered true–false questions based on common misconceptions and then received corrective feedback: some were simply told whether they were right or wrong, while others were given explanations. A week later, those who received explanations performed better, particularly when they accepted the feedback, as the explanations increased this acceptance. The findings suggest that misconceptions are corrected more effectively when feedback includes clear explanations that help pupils understand why their original belief was incorrect.

	[bookmark: Reading3summmary]Summary of Reading 3: How to teach critical thinking  
Daniel T Willingham (2019)
In his paper, Professor Daniel Willingham examines the research on effectively teaching critical thinking in schools. He emphasises the universal importance of critical thinking for a free society, defining it as ‘successful thinking’. Willingham explores whether critical thinking can be taught as a general skill, noting that while there are some examples of success, they are not from schools, particularly not in the UK. 
The concept of ‘transfer’ (the ability to apply critical thinking learned in one context to another) is crucial but has shown mixed results. A 2018 meta-analysis found that such transfer is more likely within related disciplines (e.g., mathematics and computing) but less so in unrelated fields.
Willingham argues that critical thinking is domain-specific, meaning that skills in one subject may not easily transfer to another because pupils often focus on the surface structure (the obvious, context-specific features of a task) rather than the deep structure (the underlying principle needed to solve it). However, with sufficient practice, students can learn to identify deep structures, making critical thinking more applicable across contexts.
Willingham concludes that while there is limited evidence for teaching general critical thinking skills, specific skills within subject domains can be effectively taught. He advocates for explicit instruction in critical thinking, tailored to different subjects. He also stresses that critical thinking should be taught to all pupils, starting with age-appropriate methods and extending across all ability levels.


[bookmark: Reflection]


Reflection 
	You should allow 10 minutes for this task 
The questions below have been designed to help you to identify an area of your practice that you would like to develop further. Ensure you make notes to share with your mentor. 
Based on the summaries you’ve read consider the following:
· Thinking about your current goals and challenges, which research piece feels most useful or relevant to you?
· Which summary best fits the needs of the pupils you currently teach and the context where you work?
· Which piece of research could make the biggest difference to your everyday teaching? Think about which one is most likely to have a positive impact on your work.



	Schools/trusts may wish to amend the reflection questions to best suit their needs/context. 



	Now, it’s time to prepare for Mentor Meeting 1 – Plan and Prepare. 
1. Explore your reflections on the research summaries from Section 1 of this self-study
2. Consider any targets you might have currently 
3. Reflect on the pupils you are currently teaching and your school context. 

What happens in Mentor Meeting 1?
Together, you and your mentor will review your reflections. You’ll discuss the feedback from your first lesson observation. Then jointly, you will identify one research paper from the three summaries in Section 1 that you wish to explore further and use this to support your development this half-term. You’ll then plan your Personal Professional Development Cycle for this module with your mentor. To help you in this you can review how the cycle works by clicking here. You may find it useful to use the prompts in Appendix 1 to prepare for the meeting. 
During the meeting, you and your mentor should select an action step that will be the focus of your Personal Professional Development Cycle. We’ve provided some suggestions, but you may wish to select your own with your mentor to meet the needs of your own context. Click here to see the action steps. 
After that, you’ll come back to complete the next part of your self-study as part of your ‘personalised pathway’ where you will read more about your chosen research paper.



	Schools/trusts may wish to amend or modify this section to best reflect the approach taken within their own context. 
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[bookmark: engagingwiththeresearch]Engaging with the research  
Estimated time to complete this section: 40 minutes 
Welcome back! You should now have completed Mentor Meeting 1: Prepare and Plan. You and your mentor will have identified your focus area for this half-term will be along with an action step and used this to plan your Personal Professional Development Cycle together. 
Now it’s time to engage with the research more closely to help you deliver your plan. Let’s take a look at what this part of your study will look like. 
Overview 
This part of your study begins with review of the theory from Year 1. You’ll then critically engage with the one research paper that relates to your focus area. 
You’ll read a summary of the evidence and analyse the research more closely using the Educational Endowment Foundation’s CLAIMS model you looked at during your programme introduction (EEF, 2024). This will help you take a critical stance, questioning the strength, relevance, and limitations of the findings. You’ll consider how you will apply and contextualise the findings to your own classroom. You will also see phase and setting specific examples of what the theory could look like in practice. Finally, you will apply this to your practice through your Personal Professional Development Cycle which takes the place of weekly actions in year 2 of the programme. 
Managing your time
You can complete this final part of your self-study in stages, to fit around your workload. However, you should aim to finish it by the third week of the half-term to ensure you have enough time to put your plan for Personal Professional Development Cycle into practice. 
Exploring the ‘active ingredients’
The exemplification shared in this study will help you understand how the evidence might look in your own phase or setting. To support you in doing this, we’ll highlight the ‘active ingredients’ of each strategy or approach. 
What do we mean by this? The Education Endowment Foundation (EEF) outlines active ingredients as the core practices within a strategy that directly drive its impact (EEF, 2024). However, they must be carried out consistently and as intended in order to have the desired impact. Identifying the active ingredients helps teachers understand which elements are non-negotiable and where there is room to adapt to their pupils or context. In other words, “where to be ‘tight’ and where to be ‘loose’.” (EEF, 2024, p.42). 
You’ll apply this knowledge to put your Personal Professional Development Cycle into place and ensure it meets the needs of the learners in your setting. 
Let’s start now by refreshing your memory of the key knowledge covered in the Subject and curriculum module in Year 1 of the ECT programme. 
Click to return to Content page




















Subject and curriculum – recapping the evidence from Year 1
[bookmark: Teachersarerolemodels]Let’s take a moment to revisit the key knowledge about subject and curriculum that you developed in year one of the Early Career Teacher programme. Using the outcomes of your diagnostic and your discussion with your mentor, identify and review the evidence that would help develop your knowledge and understanding.  
If you wish, you can also revisit all the content to consolidate your knowledge. You can return to these at any time if you would like to revisit or consolidate any aspect of the Year 1 content.
	Secure subject knowledge and explicit instruction
	Anticipating misconceptions
	Developing pupils’ critical thinking



[bookmark: SecureSubjectKnowledge]Defining ‘secure subject knowledge’ 
You will by now understand the need for teachers to have ‘secure subject knowledge’. Teachers must understand their subjects well, as they cannot help pupils learn material they themselves do not grasp (Ball, 1991). This includes deep knowledge of the content, the key ideas within the subject, and the ‘most efficient ways’ of thinking in the discipline (Coe et al., 2014).
Pedagogical content knowledge 
Secure subject knowledge refers to more than the content of the curriculum.  Secure subject knowledge also incorporates what we call pedagogical content knowledge. You will recall that pedagogical content knowledge is the understanding of how to teach specific ideas effectively. This will be reviewed in more depth for Reading 1.
Explicit teaching of skills is important
With subject knowledge already in place, the next step is considering how to share it in ways that ensure pupils learn it.
Explicit instruction is a cornerstone of effective teaching, particularly when developing pupils’ skills across various subjects. Many skills that might be assumed to develop naturally in pupils actually require deliberate and direct teaching. This is especially true for pupils with lower prior attainment, who may benefit even more from explicit instruction (EEF, 2022). 
You will remember that key skills for learning, such as metacognition and self-regulation, need to be taught within the context of a specific subject, rather than regarding them as generic abilities (EEF, 2021). This involves the teacher clearly modelling their own thinking processes to help pupils develop both metacognitive and cognitive skills, often using worked examples to make their thought processes explicit (EEF, 2022). 
Let’s review what we mean by explicit instruction?
Explicit instruction includes: 
· teaching skills and concepts in small steps; 
· using examples and non-examples;
· using clear and unambiguous language;
· anticipating and planning for common misconceptions; and
· highlighting essential content and removing distracting information (EEF, 2021).
You may be familiar with some of these and even already be using them in your teaching. 
Subject specific explicit instruction 
A good curriculum focuses on the knowledge and skills pupils need to succeed within a particular subject discipline. This requires explicitly introducing pupils to the skills and metacognitive strategies that experts within each subject discipline use (Kirschner et al., 2006). 
Whilst specific skills being taught might vary according to the subject, effective explicit instruction normally starts with a teacher explanation followed by opportunities for guided pupil practice before progressing to independent practice (EEF, 2021).  
Whilst explicit instruction benefits all pupils, it is especially beneficial for pupils with SEN (EEF, 2021). However, teachers should consider the individual needs of their pupils and how these strategies need to be tailored in order to be responsive to need (EEF, 2021 p.27). 
What do we mean by ‘foundational knowledge’?
Subject disciplines have foundational knowledge that underpins further learning. Let’s return to this diagram from Year 1 that illustrates the range of components that make up foundational knowledge: 
[image: Image shows a blue circle at the centre bottom of the image with the words 'foundational knowledge' on. Around it are seven boxes each with an arrow pointing at the circle. Each box has a different word on representing different components of foundational knowledge. The words are facts, ideas, principles, methods, skills, vocabulary and ways of thinking. ]
Mastering foundational knowledge before you move pupils on
A well-designed curriculum will consider its sequence in depth, taking into consideration the cognitive principles that underpin how pupils learn. We know that pupils learn new ideas in relation to ideas they already know (Deans for Impact, 2015). This enables them to develop increasingly complex mental models and allows knowledge to cumulatively build over time, supporting the development of schema. You may recall that a schema is a pattern of thought that organises categories of information, and the links between them (EEF, 2025). 
Harlen and James (1997) suggest that when planning and sequencing pupils' learning, we should ensure it: 
· progressively develops in terms of ‘big ideas’ within a subject or discipline; 
· is constructed on the basis of prior knowledge and previous teaching; 
· provides opportunities to apply knowledge in contexts other than those in which it was originally taught; and 
· is owned by the pupil and becomes a fundamental part of the way they understand the world - not simply knowledge that may be memorised for recall in examinations and subsequently forgotten.
Whilst this research is almost 30 years old, the underpinning principles are still relevant and can be used to inform curriculum planning. 
[bookmark: AnticipatingMisconceptions]Anticipating misconceptions
You will recall that misconceptions are beliefs which conflict with what is to be learned, rather than errors or knowledge gaps (Chi, 2009). For pupils, the most important common misconceptions to anticipate are the ones which relate to foundational concepts. This is because misconceptions can be difficult to shift but doing so can lead to big gains in learning, particularly for threshold concepts (EEF, 2021).
How prior learning can lead to misconceptions 
All of us have ‘preconceptions’ which come from our own lived experiences and prior learning (EEF, 2022, p. 10) and it is the role of the teacher to know which one’s pupils are more likely to have (EEF, 2022, p. 10). We will look at this in greater detail later.  
You’ll be familiar with how important prior learning is to ensure pupils master key concepts and skills but prior learning can also cause pupils to have misconceptions EEF, 2022, p10). You may even have experienced this in your own classroom. 
However, some research suggests that prior learning isn’t always an indication that pupils will learn new things well (Simonsmeier et al., 2022). In fact, it can even hinder new learning where the knowledge conflicts with deeply rooted preconceptions (Simonsmeieir et al., 2022). This apparent conflict of ideas can be better understood when we understand that misconceptions come in varied forms. 
[bookmark: Readinglist]Why is it important to anticipate misconceptions?
Reviews of different research that underpins the most effective teaching concludes that ‘as well as a strong understanding of the material being taught, teachers must also understand the ways students think about the content, be able to evaluate the thinking behind students’ own methods and identify students’ common misconceptions.’ (Coe et al., 2014, page 2).  
You will probably already have experienced in your own teaching that pupils’ preconceived notions and alternative conceptions shape how they respond to new learning, and that recognising these helps you tailor instruction more effectively. By addressing misconceptions directly, teachers can help pupils to develop a more accurate understanding of key concepts by planning their instruction to address them early in the sequence of teaching. 
Some of the strategies you may have already used to address misconceptions include: 
· explicitly addressing misconceptions through your explanation; this could include the use of analogies, demonstrations, illustrations and worked examples;  
· providing evidence that might conflict with their thinking; and 
· provide activities to support them to restructure their thinking; for example, the use of manipulatives in maths, reviewing historical sources or conducting fair tests in science. 
Changing deeply embedded misconceptions may not happen immediately, and this may require revisiting concepts to move pupils’ thinking on and correct it, however this is crucial in terms of moving learning on (EEF, 2022). 
Challenging misconceptions develops critical thinking 
Encouraging pupils to recognise and challenge misconceptions can also foster pupils to think more deeply (EEF, 2022). By engaging in discussions and activities that address misconceptions, pupils can begin to learn to evaluate evidence, revise their thinking, and develop a deeper understanding of specific key concepts. 
[bookmark: DevelopingCriticalThinking]Developing pupils’ critical thinking 
You may recall that having secure knowledge about a subject is a precursor to thinking critically about that subject. In fact, it’s not effective to focus on critical thinking skills unless pupils understand the material they are being asked to think about (Facione, 1990; Willingham, 2002).   
However, there is some debate as to whether critical thinking skills are particular to a subject discipline or whether it is like a ‘toolkit’ with a set of broad skills that can be applied across multiple domains (Heard et al., 2020). It is worth returning to Daniel Willingham who argues that teaching critical thinking through subject content aims to help pupils apply those skills more widely (Willingham, 2019). Furthermore, he highlights the value of explicitly teaching critical thinking skills from an early age to better equip pupils to navigate a world in which artificial intelligence (AI) and other technologies are increasingly prevalent (Willingham, 2019, p.3). 
Willingham suggests that teachers should select the priority skills to teach pupils, highlighting that the 13 years that pupils are in education is not sufficient to cover them all (Willingham, 2019, p. 12). This is likely to vary between different contexts and phases and even within subjects and should be tailored to meet individual needs.  
Willingham shares a four-step plan to teach critical thinking. These can be considered as questions that a teacher could ask themselves: 
· What are the critical thinking skills specific to my particular subject discipline?  
· What subject matter knowledge is essential to the type of thinking I want my pupils to do? 
· How should I sequence the learning to ensure pupils can develop their thinking skills by building on what they already know?
· How and when will the curriculum provide opportunities for pupils to revisit these skills?
(Adapted from Willingham, 2019)
The difficulty of transferring knowledge 
When thinking about supporting pupils to build increasingly complex mental models, it is important to remember that pupils are likely to struggle to transfer what has been learnt in one discipline to a new or unfamiliar context (Willingham, 2019). You will explore transfer in more detail when you look at Reading 3. 
Willingham suggests that one cause could be pupils’ inability to see a new problem and recognise how it links to ones they have previously solved (Willingham, 2019). In other words, pupils look only at the surface-level problem in front of them, rather than the deeper structure they may have experienced before. 
Now, that you’ve revisited what the evidence says, select the research summary that you have identified as your focus reading for this half-term with your mentor. It’s time for a deeper dive into the research! 
Click to navigate to each summary: 
	Reading 1
	How effective are instructional explanations in example-based learning? A meta-analytic review

	Reading 2
	The effects of scaffolding in the classroom: support contingency and student independent working time in relation to student achievement, task effort and appreciation of support

	Reading 3
	Becoming a self-regulated learner: an overview 





[bookmark: R1]Reading 1
[bookmark: R1focusyourreading]Ask the Cognitive Scientist.  Inflexible Knowledge: the first step to expertise. 
[bookmark: R1Buildingonpriorknowledge]Daniel T Willingham (2002)
Building on prior knowledge
Educational psychologist Lee Shulman (1987) identified seven types of knowledge used in teaching, highlighting pedagogical content knowledge (PCK) as especially important. You may recall from Year 1 that pedagogical content knowledge distinguishes expert teachers from general subject specialists because it involves knowing how to organise, adapt, and represent ideas so they are comprehensible to pupils, using explanations, strategies, and examples that address likely difficulties. Ball et al. (2008) further emphasise the importance of subject knowledge for pupil success, noting that teachers must anticipate confusion, choose motivating examples, judge task difficulty, and interpret pupils’ emerging thinking. 
Ball et al (2008) break subject knowledge into two subcategories, splitting it into general ‘subject matter knowledge’ and ‘pedagogical content knowledge’. These are then split even further. These subcategories may help teachers to reflect on the different forms of understanding that are at play in effective teaching.  
[bookmark: ball][image: Subject matter knowledge
• Common Content Knowledge (CCK) - basic subject knowledge that’s about being able to understand the content and recognise when an answer is incorrect. For example, you need to be able to solve a subtraction problem like 307-168.
• Specialised Content Knowledge (SCK) - special knowledge you need for teaching a subject. It's about understanding why pupils make mistakes and being able to spot different ways of solving problems. For example, if a pupil answers 261, instead of 139, for 307-168, you need to understand why they got that answer.
• Horizon content knowledge (HCT) - knowing what your pupils will learn over time, not just what you're teaching right now. It’s concerned with the ‘big picture’ for your subject. For example, how the rise of Nazism connects to prior historical events and how it laid the groundwork for later developments.  
Pedagogical content knowledge
• Knowledge of Content and Students (KCS) - knowing how pupils think about your subject and predicting what they will find tricky or interesting and motivating. For instance, knowing that they often think plants are not living because they don’t move in the same way as humans.
• Knowledge of Content and Teaching (KCT) - how you teach the subject. It's about choosing the right examples and knowing what teaching methods are most effective for your pupils. For example, how to show the direction that light travels by using a torch and a piece of string. 
• Knowledge of Content and Curriculum (KCC): encompasses knowledge of the curriculum, including the sequence of topics and how they relate to one another across different grade levels.]
Domains of Knowledge for Teaching (Ball et al., 2008)

The work of Ball et al (2008) builds on Shulman’s (1987) seven forms of teacher knowledge by introducing ‘horizon content knowledge’, which involves understanding how current teaching connects to future learning in later years. While the categories of knowledge are not entirely distinct, they help articulate the various types of knowledge teachers need. All forms are crucial, and issues arise when one is lacking or dominates the others. Deep subject knowledge is essential for pupil success, enabling teachers to inspire learning, identify misconceptions, craft well-sequenced explanations, and provide content-focused feedback that enhances pupils' understanding over time.
Pupils are likely to struggle to transfer what has been taught and understood in one discipline to a new or unfamiliar context (ITTECF, 2024). Therefore, providing pupils with both familiar and varied conditions for practice tasks helps pupils to transfer their knowledge to solve new and novel problems (Sweller et al., 1998). Teachers should ensure that pupils have developed secure foundational knowledge before they begin to vary the conditions of practice and provide scaffolding where required to support success initially, gradually removing scaffolding as pupils develop expertise and confidence. 
[bookmark: R1backgroundtotheresearch]Background to the research
This article, by Daniel Willingham, addresses a common concern among educators: why pupils often seem to retain new material in a rote manner, despite inventive teaching methods. Willingham begins by providing anecdotal evidence to distinguish the difference between pupils’ rote knowledge, inflexible knowledge and flexible knowledge in order to respond to this question. He provides both examples and non-examples of what each of these could look like in practice, drawing on interactions with students. Whilst helpful at illustrating his explanation, caution is needed as these examples are not evidence-based and therefore cannot be generalised more widely as being typical of how all pupils might think or process knowledge. 
Willingham reviews several experiments conducted in other studies that suggest the mind’s tendency towards concrete and superficial understanding. These provide a stronger evidence base to demonstrate the cognitive science underpinning inflexible and flexible knowledge, although consideration should be given to any bias in the selection of these studies to prove Willingham’s points. 
The article finishes with some more suggestions for how this information can be used by teachers to enhance their practice, however this is not phase or subject specific so further consideration is needed for how this could be applied to individual contexts. 
As you continue to reflect on this research, consider how its findings connect to your own teaching practice and understanding of flexible and inflexible knowledge.
The questions below will help guide your thinking as you read.
Focus your reading 
As you read the summary of research, consider the following in relation to the plan for your Personal Professional Development Cycle: 
· How does the content develop your understanding of the difference between inflexible and flexible knowledge?
· How has the content deepened your understanding of the different ways that teaching can be sequenced to develop expertise?
· Are there any insights from this content that you will explore or develop further within your own classroom?
[bookmark: R1researchsummary]Research summary
The article begins with Willingham posing a question based on a common teacher experience: ‘So often, even if I inventively present new material or emphasise applying the new knowledge in various situations, what I get back from my student seems ‘rote’. Why is this? What can I do about it?’. 
The initial response in the article highlights what cognitive science has shown regarding how the memory is predisposed to remember new concepts in ‘concrete form’ which is not easily transferred to new situations. Willingham continues to then distinguish between rote knowledge, inflexible and flexible knowledge. 
He presents rote knowledge as facts which are memorised without meaning.  He uses the analogy of a string of words learnt without understanding of the context behind it, giving the example of a pupil who defined the equator as ‘a menagerie lion running around the Earth through Africa’. Here the pupil had misheard the real definition of ‘an imaginary line...’. They repeated this without any deeper understanding or consideration of what the equator actually was. 
The article argues that much of what is perceived as rote knowledge is actually inflexible knowledge, which is a normal part of the learning process. However, inflexible knowledge is described here as learning facts with narrow meaning.  Here a pupil learns a concept but is only able to apply it within the context in which it was learnt.  Willingham calls this narrow context, ‘surface structure’.
In contrast, flexible knowledge has a ‘deep structure’ around the concept as the pupil can apply it to new situations.  This indicates that the pupil has developed expertise in the subject.
For educators, rote learning is far from ideal as we want pupils to solve complex problems. To do this, pupils need to develop flexible knowledge.
Inflexible knowledge forms the foundations of expertise
The article argues that inflexible knowledge serves as the initial building block for flexible knowledge, given that the human brain typically grasps the surface structure of new concepts first, making it challenging to connect to novel problems, in fact, ‘knowledge is inflexible when it is first learned’, (Willingham, 2002). For knowledge to be applied to different situations it must be stored in memory in terms of deep structure. 
Flexibility increases over time as a pupil continues to embed their new knowledge by encountering and solving new problems, allowing them to build a deep structure around the concept, developing their expertise.
Developing expertise
Expertise can be developed by providing pupils with different problems that become increasingly difficult. Pupils may need to be told of the similarities between problems (either explicitly or working it out through discussion). Willingham gives an example of learning how to calculate the area of a rectangle. The knowledge could be applied to simple examples involving rectangles to start with, then, with developing expertise, the formula can be used in different situations, such as calculating the total area of a hallway, kitchen and dining room. Using different problems based within the same knowledge domain helps pupils to develop their understanding of the deep structures around the knowledge and store these into memory. 
Expertise involves understanding the deep structure of a domain – that is, a specific area of knowledge or subject – and this remains an important educational goal. However, pupils often first reach a middle ground between rote knowledge and expertise, gradually expanding their understanding across larger knowledge areas. This middle ground, where pupils gain increasingly flexible use of facts and examples, is a crucial step towards mastery.
Referring back to the rectangle example, a pupil will gradually gain understanding that the formula can be applied to many different situations and will understand the reasons why they need to use it. 
Implications for teachers
The article states that teaching should focus on enhancing the depth of knowledge stored by pupils around a concept.  Willingham suggests using a diverse range of strategies to build flexible knowledge.  These include:
· Using different examples to clarify new concepts. This helps pupils to see how the deeper knowledge is applied in multiple forms, meaning they are less likely to get ‘stuck’ on specific examples and more likely to understand abstract concepts. 
· Distinguish between rote and inflexible knowledge Teachers should make this distinction and recognise inflexible knowledge as functional part of pupils’ learning  
· Develop pupils’ factual knowledge base It is also important to do this explicitly. Pupils’ factual knowledge may be inflexible to start with, but pupils will eventually apply deeper meaning and different contexts over time. Despite its initial inflexibility, this knowledge base is expected to evolve as pupils apply deeper meaning and engage with various contexts. 
· Start by teaching simple concepts and gradually increase difficulty. It is crucial to recognise that inflexible knowledge serves as the foundation for expertise. Therefore, supporting pupils to make connections to prior learning facilitates deeper learning over time. 
Ultimately, the process of turning inflexible knowledge into flexible knowledge involves increasing pupil knowledge; using a range of examples and opportunities for practice. 
Let’s now explore how these ideas translate into classroom practice and what they might look like.
[bookmark: R1Whatcouldthislooklikenpractice]What could this look like in practice?
To recap what the reading says, Willingham makes a number of points relating to the process whereby knowledge becomes flexible from a starting point that involves narrow meaning without wider application. Firstly, he explains that inflexible knowledge is a necessary part of the process of developing expert and flexible knowledge. The increasing depth of knowledge that occurs as teaching revisits key concepts, often through the lens of different contexts of the subject domain has the result of enriching a pupil’s understanding of what will initially have been a very specific and contextually tied definition.
The article emphasises that rote learning is not ideal for solving complex problems, as pupils need to develop flexible knowledge in order to do this. Inflexible knowledge serves as the foundation for expertise, forming the initial building block. The human brain tends to grasp the surface structure of new concepts first, making it challenging to connect to novel problems. Over time, flexibility increases as pupils encounter and solve new problems, embedding knowledge in deep structures.
In practice as a teacher, you will keep your pupils’ developing understanding within the subject curricula in mind as you plan lessons. The importance of sequencing the content effectively is essential in ensuring that the mental models related to understanding across the subject are well-developed. This might mean a consideration of foundational concepts and a spiral approach to the curriculum as explored in previous content. 
Despite initial inflexibility, this knowledge base evolves as pupils apply deeper meaning and engage with various contexts, serving as a crucial foundation for expertise.
Let’s now explore the active ingredients that can encourage flexible knowledge.
Identifying the active ingredients
The following active ingredients outline practical ways teachers can support pupils and encourage flexible knowledge:
· Using a wide range of examples and non-examples to clarify new concepts, helping pupils see how deeper ideas appear in different forms and avoid becoming tied to a single example.
· Drawing explicit parallels between problems so pupils can recognise underlying principles rather than focusing on surface features.
· Distinguishing between rote and inflexible knowledge, recognising that inflexible knowledge is a functional early stage in learning.
· Explicitly developing pupils’ factual knowledge base, acknowledging that this may begin as inflexible but will gain deeper meaning as pupils meet ideas in varied contexts.
· Starting with simple concepts and gradually increasing complexity, supporting pupils to connect new learning to prior knowledge so that deeper understanding can develop over time.
· Using targeted questioning, such as ‘give me an example of…’ or ‘why do you think…?’ to prompt pupils to articulate and extend their thinking.
Let’s look at some classroom examples that show what this can look like in practice.
Examples 
	Schools should add exemplification relevant to their context to demonstrate the teaching of different types of knowledge, making explicit links to the ‘active ingredients’ and highlighting how these make it effective. 
Examples could include: video exemplification, modelling, a transcript, lesson observations, artefacts or classroom resources. 
Video exemplification should last no longer than 2-3 minutes.


[bookmark: R1checkyourunderstanding]Now check your understanding!
	Based on the reading, what best explains why inflexible knowledge is an important stage in learning?
A) It provides the initial understanding pupils need before they can apply knowledge flexibly in new situations.
B) It shows that pupils have memorised facts accurately, meaning they can already transfer them to unfamiliar problems.
C) It indicates that pupils have misunderstood the deep structure of a concept and therefore need to relearn it.
D) It demonstrates that pupils are relying too heavily on rote learning and should move immediately to more complex tasks.
The correct answer is A. 
Inflexible knowledge represents the early stage of learning where pupils understand concepts only within the narrow context in which they were taught, but it forms the foundation on which flexible knowledge and expertise are later built.
Answer B is not correct.
Although inflexible knowledge may involve accurate recall, pupils cannot yet transfer this understanding to new contexts; transfer only becomes possible once flexible knowledge develops.
Answer C is not correct.
Inflexible knowledge is not a sign of misunderstanding but a normal part of learning, as pupils initially grasp only the surface structure before developing deeper understanding.
Answer D is not correct.
Inflexible knowledge does not mean pupils should skip ahead; instead, they need carefully sequenced tasks and varied examples to build towards flexible knowledge.


Click to return to Content page
[bookmark: R2]
Reading 2
[bookmark: R2Buildingonpriorknowledge][bookmark: R2Focusyourreading]Belief in Corrective Feedback for Common Misconceptions: Implications for Knowledge Revision 
Rich et al. (2017)
Building on prior knowledge
Understanding different types of misconceptions enables teachers to effectively address them, tailoring instruction to correct pupils' preconceived notions. Directly tackling these misconceptions helps them to develop accurate conceptions. Additionally, encouraging pupils to recognise and challenge their own misconceptions fosters critical thinking skills. Through discussions and activities that confront these misunderstandings, pupils learn to evaluate evidence, revise their thinking, and gain a deeper understanding of scientific concepts. 
Effective curriculum design includes being aware of common misconceptions and this requires secure subject knowledge: 
“The most effective teachers have deep knowledge of the subjects they teach… As well as a strong understanding of the material being taught, teachers must also understand the ways students think about the content, be able to evaluate the thinking behind students’ own methods and identify students’ common misconceptions.” (Coe et al, 2014, page 2) 
[bookmark: R2Backgroundtothereading][bookmark: R2Backgroundtotheresearch]Background to the research
This paper by Rich et al. is grounded in the understanding that for corrective feedback to be effective in correcting misconceptions, individuals must believe that it is valid. 
The research focuses on two key aspects:
1. The relationship between belief in corrective feedback and knowledge revision.
2. The role of explanations in enhancing belief in feedback and facilitating knowledge revision.
The study focuses on one prominent method for addressing misconceptions in the use of refutation texts, which explicitly negate the misconception, present the correct information, and provide an explanation. The paper builds on previous research showing that refutation texts can improve memory for correct information.
The researchers conducted two experiments to assess how participants' belief in corrective feedback regarding individual misconceptions influenced knowledge revision. Participants evaluated a series of misconceptions, received either a simple refutation or a refutation with an explanation, and rated their belief in the feedback. 
There are some potential limitations to consider in relation to this study: 
· Sample Representation: The study primarily used university students as participants, which may limit the generalisability of the findings to broader populations, including school-aged pupils.
· Time Frame: The study assessed knowledge revision after one week. A longer-term follow-up might provide insights into the durability of the corrections.
· Topic Specificity: The misconceptions used in the study may not represent all types of misconceptions people hold, potentially limiting the applicability of the findings to other domains.
· Self-Reporting: The study relies on self-reported belief in feedback, which may be subject to biases or inaccuracies in participants' introspection.
· Ecological Validity: The laboratory setting of the study may not fully replicate real-world scenarios where people encounter and process corrective information.
Despite these potential limitations, the study provides valuable insights into the cognitive processes involved in knowledge revision and offers practical implications for improving educational strategies and communication of scientific information.
Focus your reading 
As you read the summary of research, consider the following in relation to the plan for your Personal Professional Development Cycle: 
· [bookmark: R2Researchsummary]How has this content developed your understanding of the use of corrective feedback when addressing misconceptions?​
· How has this content deepened your understanding of the importance of clear explanations when correcting a misconception of a pupil?​
· Are there any insights from this content you wish to explore or develop further within your own practice and context? ​
Research summary
The paper begins with an example of two common misconceptions that people tend to hold: one is that bulls become enraged when they see the colour red and the other is that sugar causes hyperactivity in children. Rich et al. highlight the extensive research that shows how such misconceptions can be addressed using refutation text. This is where the misconception is identified (the refutation) and the correct answer is provided along with an explanation. 
Returning to the misconception relating to bulls, if a person believes that bulls are enraged by the colour red, then we might correct their belief by simply telling them that this is untrue. Or we might go further and explain that bulls cannot even see the colour red; that the reason bulls attack cape-waving matadors is that they perceive the matadors themselves as a threat. 
The research study 
Rich et al. conducted a research study made up of two experiments. They were interested in whether giving these so-called ‘refutations’ would improve people’s ability to correct their own misconceptions, and to what extent these benefits would depend on people’s tendency to actually believe the corrective feedback. In the two experiments, the researchers asked university students a series of true/false questions based on common misconceptions, after which the students were shown each of their answers again and given corrective feedback. In this feedback phase, half of the students were simply told whether each answer was correct or incorrect, whereas the other half were also given explanations about why each correct answer was correct (and why the wrong answer was a misconception). The students then rated their belief in this feedback: that is, to what extent they accepted that it was true. One week later, they came back to answer the same true/false questions again.  
Findings 
The findings from the research were threefold: 
Firstly, students were more accurate on the second knowledge test—after receiving corrective feedback—than on the first test. But the students who received corrective feedback with explanations were much more accurate on the second test than were those who received corrective feedback without explanations. That is to say, explanations helped people to correct more misconceptions. 
Secondly, these effects depended on the students’ acceptance of the corrective feedback (and the explanations). Those who were more sceptical of the feedback were less likely to have corrected their misconceptions in the second test. 
Thirdly, providing explanations tended to increase students’ acceptance of the feedback, which partly accounts for why those explanations also improved their test performance. 
Implications 
The research paper suggests that these findings might have several implications for how we best address pupils’ misconceptions in the classroom. For example, the findings tell us that merely correcting the misconceptions is likely to be important, but that it is even more important to explain why the misconception is incorrect. As the authors put it (p.500): 
‘…beliefs in feedback (the refutation) are substantially related to the correction of misconceptions. Specifically, people were less likely to report correct concepts when they did not initially believe the feedback. Furthermore, explanations counteracted low beliefs in the feedback and hence were related to significant improvements in knowledge revision.’ 
The authors also note that the findings also imply that corrective explanations need to be clear and understandable to pupils, so that they have the best chance of being accepted. For this reason, the researchers note that addressing pupils’ misconceptions effectively could depend on teachers’ ability to understand why the correct answer might be difficult for pupils to believe. 
[bookmark: R2whatcouldthislooklikeinpractice]Let’s look at how these concepts can be enacted in classroom practice and the kinds of approaches they might involve.
What could this look like in practice?
To recap, the results of the study by Rich et al. showed that explanations significantly improved pupils' ability to correct misconceptions on a follow-up test. The effectiveness of explanations depended on pupils' acceptance of the feedback, and providing explanations increased acceptance and improved test performance. For this reason, it is important that teachers have strong pedagogical and subject content knowledge which will enable them to unpick and explain misconceptions more effectively, as well as anticipate where they might arise. Furthermore, strong content knowledge means teachers are more able to provide detailed explanations, making links to schema, that pupils are more likely to accept and ultimately revise their thinking. 
The examples below are some typical misconceptions that pupils hold – correcting them by providing additional explanations may take additional time and resources and you will need to factor this into your planning. 
	Subject 
	Misconception
	Refutation 
	Corrective feedback

	Biology

	All cells are the same size and shape.​

	Different cells can have different sizes and shapes.​ 
	A teacher might address this misconception by providing a range of examples of cells from different types of organism.

	Geography 

	Earth’s plates are made of solid rock that can never be seen because the plates are always deep within the earth.​
	Earth’s plates are made of solid rock, and they can be seen where they are not covered by soil, loose rocks, or water.​
	A teacher might address this misconception by providing a range of examples that demonstrate where plates can be clearly seen – for example in a mountain range.

	History​

	Capitalism is synonymous with democracy
	Capitalism is an economic system, and so capitalist economies can operate in dictatorships and other non-democratic regimes, as well as in democracies.​ 
	A teacher might address this misconception by looking at specific cases where a state is capitalist and non-democratic, whilst providing background information on the different underpinning principles of capitalism and democracy.


In practice you will ensure that you make an active consideration of where misconceptions are likely to arise when planning your teaching. This will help you to consider how you will explicitly address any misconceptions that may be present. 
Corrective feedback in action 
In the following examples, you will see how teachers address pupils’ misconceptions through the use of corrective feedback, namely providing the correct answer and explaining why it is correct and why the misconception is incorrect, thereby increasing the likelihood of pupils correcting the misconception and retaining it in future learning. 
Let’s now explore the active ingredients of corrective feedback to address misconceptions.
Identifying the active ingredients

Let’s consider the active ingredients of corrective feedback to address misconceptions.
· Providing clear explanations alongside the correct answer, as explanations significantly increase the likelihood that pupils revise the misconception.
· Ensuring pupils’ acceptance of the feedback, since explanations are most effective when pupils believe and trust the information they are given.
· Anticipating where misconceptions might arise, so that corrective feedback can be planned deliberately rather than delivered reactively.
· Linking explanations to pupils’ existing schema, helping new information integrate with what pupils already know and making the correct explanation more memorable.
· Providing examples (and sometimes non-examples) that illustrate the correct concept in varied contexts, helping pupils move beyond their initial misunderstanding.
· Explaining both sides of the refutation, stating why the misconception is incorrect and why the correct conception is accurate, increasing the chance that pupils retain the revised understanding.
Let’s look at some classroom examples that show what this can look like in practice.
Examples 
	Schools should add exemplification relevant to their context to demonstrate the way that misconceptions can be anticipated and addresses, making explicit links to the ‘active ingredients’ and highlighting how these make it effective. 
Examples could include: video exemplification, modelling, a transcript, lesson observations, artefacts or classroom resources. 
Video exemplification should last no longer than 2-3 minutes.



[bookmark: R2checkyourunderstanding]Now check your understanding!
	Based on the reading, what was the key reason why explanations improved the correction of misconceptions?
A) Explanations increased pupils’ acceptance of the corrective feedback.
B) Explanations helped pupils remember the wording of the questions more accurately.
C) Explanations encouraged pupils to guess less often in the second test.
D) Explanations helped pupils understand why the misconception seemed believable in the first place.
The correct answer is A.
Explanations made pupils more likely to believe the corrective feedback, and this increased acceptance contributed to better correction of misconceptions on the follow-up test.
Answer B is not correct.
The study did not suggest that explanations improved memory for the question wording; improvements were linked to belief in the corrective feedback and understanding why the misconception was incorrect.
Answer C is not correct.
There is no indication that guessing behaviour changed; the improvement resulted from increased acceptance of feedback and clearer explanations.
Answer D is not correct.
Although explanations clarified why the misconception was incorrect, the key mechanism shown in the study was increased acceptance of the feedback, not insight into why the misconception initially seemed plausible.
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[bookmark: R3]Reading 3
[bookmark: R3backgroundtotheresearch]How to teach critical thinking  
Daniel T Willingham (2019)
[bookmark: R3Buildingonpriorknowledge]Building on prior knowledge
In order for pupils to think critically, they must have a secure understanding of knowledge within the subject area they are being asked to think critically about. This means having secure mental models. As you are aware, we can achieve this by explicitly teaching pupils the knowledge and skills they need to succeed within a particular subject area and providing practice opportunities so that they master the foundational concepts and knowledge.​
This knowledge acts as the 'ingredients' they draw upon to think effectively and creatively, much like cooking a successful dish. A common pitfall in teaching critical thinking is overemphasising the process or product, such as focusing on essay structure or model answers, without ensuring pupils have mastered the necessary domain-specific knowledge, in other words, the facts and subject content. Without this strong domain specific or declarative knowledge (the 'ingredients'), pupils may struggle to apply procedural knowledge (the 'recipe') effectively. 
Willingham (2019) suggests that secure domain-specific knowledge supports critical thinking in three ways: 
1. Pupils with a strong knowledge base can draw upon multiple pieces of knowledge or solutions to a problem when facing challenging or complex tasks that require critical thinking skills.​
2. Drawing upon a secure knowledge base from long-term memory can support working memory when faced with open-ended or complex critical thinking tasks.​
3. Pupils with secure, domain-specific knowledge will likely have a repertoire of thinking strategies they can select and deploy when encountering an unfamiliar or complex task that requires critical thinking.​
Thus, a balanced approach is crucial: teachers should guide pupils in how to complete tasks while also ensuring they have the foundational knowledge needed to think well within the subject. This balance supports the development of genuine critical thinking skills, enabling pupils to use their knowledge creatively and effectively.
Let’s have a look at the background to the research.
Background to the research 
[bookmark: R3Focusyourreading]In this paper, Professor Daniel Willingham reviews research on teaching critical thinking skills in schools, emphasising their importance in a free society, using it to present his own recommendations.  He defines critical thinking as ‘successful thinking’ and explores the evidence for explicitly teaching it as a skill. 
The paper is a useful framework to start exploring the development of critical thinking skills in pupils however, it is important to note that this is an expert summary, rather than definitive research evidence. 
Although the paper present findings from a range of empirical (data-driven) studies, as with any review, there is a potential for selection bias in relation to the ones chosen for discussion by Willingham. Also worth considering is that the review focuses primarily on the cognitive aspects of critical thinking, potentially overlooking other aspect such as motivation or social context, although it does touch on the latter in its conclusion. 
Finally, Willingham notes the relevance of this topic in an ever-changing world influenced by AI and evolving technology. As such, the conclusions in the research may become outdated as new evidence emerges. 
Consequently, the points made and the implications for teachers need to be carefully considered alongside other peer-reviewed literature.
As you continue to reflect on this research, consider how its findings connect to your own teaching practice and understanding of critical thinking.
The questions below will help guide your thinking as you read.
Focus your reading 
As you read the summary of research, consider the following in relation to the plan for your Personal Professional Development Cycle: 
· [bookmark: R3resesarchsummary]How does this content help you to understand what critical thinking is and the benefit it can bring to your practice?
· How do you currently work with your pupils to develop their ability to think critically within specific subject domains?
· What actions will you take arising from this content and what will this look like in your own classroom? 
Research summary
Professor of Psychology Daniel Willingham introduces his review by claiming that while there are disagreements about what should be taught in specific subjects, we can all agree that critical thinking is important for citizens of a free society
Teaching critical thinking as a skill
Willingham addresses whether there is any evidence that explicitly teaching critical thinking as a skill can work. He cites examples of studies that suggest this is possible. He introduces the key concept of ‘transfer’, the degree to which the skill of critical thinking learned in one set of tasks can be applied in another. Here, he notes, there is mixed evidence. Willingham introduces evidence from a meta-analysis from 2018 on the transferability of computational thinking to effective critical thinking in other fields. This review found that while this is possible, it appears only to be the case for those disciplines with subject-overlap with computing (e.g., mathematics, but not literacy). In general, however, programmes in schools to teach critical thinking directly have had limited success in transferring to other types of tasks.
The domain-specific nature of critical thinking
The author argues that critical thinking should not be thought of as something that is acquired in abstract and then broadly applicable, because ‘analysis, synthesis, and evaluation mean different things in different disciplines’ (p.6). Instead, he says that ‘goals for student critical thinking must be domain-specific’ (p.6). And while some critical-thinking skills developed in one domain might be relevant to another, research suggests that they are often not applied. He notes that one major challenge with critical thinking is that, when faced with a problem, we often focus on the surface details rather than unpacking the deeper concept(s). This means we often forget that we've encountered and solved a similar problem before. Why does this happen? This is because the surface structure is more obvious and misleads students into ignoring the deep structure of the problem.
However, evidence suggests that this problem of being unable to see past the surface structure of a problem goes away with enough practice. For example, ‘problem comparison’ exercises get students to look at two solutions that are different on the surface but have the same underlying structure; learning to see the deep structure this way can help students apply the solution to a third example that is unrelated on the surface. 
The role of knowledge in critical thinking
Willingham describes three ways that knowledge aids critical thinking in relation to open-ended problems: 
1) Complex critical thinking may involve recalling and combining simpler solutions available from memory.
2) Working memory is required for thinking, and familiarity with a subject allows for more complex units of information, saving valuable working memory space.
3) Applying critical thinking strategies requires knowledge of the subject to which they are being applied. 
The important message is that there is uncertain evidence that general critical thinking skills exist and no proven way to teach them directly. However, there is ample evidence that we can teach students specific critical thinking skills for subject-domains. He recommends a 4-step plan for teaching critical thinking. 

	Identify Critical Thinking Skills
	Define and explicitly teach specific critical thinking skills relevant to each discipline, ensuring students can practice and apply these skills effectively within the subject.

	Determine Essential Domain Content
	Identify the subject domain content that pupils need to know to develop critical thinking skills. This means drawing on complex mental models rather than isolated ‘facts’. 

	Sequence Learning
	Plan the sequence of skills and knowledge to build on prior learning, making it easier for students to integrate and apply new information.

	Ensure Long-Term Retention
	Revisit key skills over multiple years to reinforce learning and ensure long-term retention, integrating these skills with new content.


Adapted from Willingham (2019)
Willingham concludes that critical thinking should be integrated across years, starting early, as research shows children are more capable than previously believed. He notes that cognitive development occurs gradually and depends on content. Furthermore, he states that it is crucial that all pupils, especially those from low socio-economic backgrounds, have access to challenging content to ensure equal opportunities. Finally, he highlights that developing deep, critical thinking is a slow process, demanding patience and consistent effort from educators.
Let’s now explore how these ideas translate into classroom practice and what they might look like.
[bookmark: R3whatcouldthislooklikeinpractice]What could this look like in practice?
To recap, Willingham argues against viewing critical thinking as a broad, abstract skill, asserting that goals for pupil critical thinking must be domain-specific. He highlights the key challenge of dwelling on surface structures in problem-solving and suggests that with practice, pupils can learn to recognise deep structures – the underlying principles that connect problems beyond their superficial features. The three ways that knowledge aids critical thinking can be outlined as snapping together simpler solutions; utilising working memory efficiently; and applying critical thinking strategies with subject-specific knowledge. 
As with developing any expertise, in practice this might include considering how you will teach pupils to be able to recognise the deep structures of a problem. This might be achieved by considering a range of problems with a similar underlying meaning but with surface differences and working with pupils to help them see the underlying similarities.  
As a teacher you might find it helpful to explicitly plan and teach critical thinking within specific domain areas because pupils need the specific domain knowledge to be able to apply critical thinking effectively. As Willingham states, it is essential that pupils are equipped with the relevant domain knowledge in order to develop critical thinking skills. This knowledge is what enables them to apply those skills effectively. The use of explicit instruction techniques then becomes important, such as modelling thought processes to show how to move beyond the surface features of a problem.
In History for example, it may not be possible for pupils to make detailed inferences about the quality of source material where they do not already have a solid understanding of the context in which the source was written. 
Similarly, in English asking pupils to compare extracts, both written at a similar point in time and which might appear contrasting on the surface but at a deeper level have points in common, depends on pupils’ understanding of context. An English teacher might approach this through ensuring pupils are able to analyse a range of extracts from this period. 
In Music, the ability to analyse a musical score depends on being able to understand it in the context of when and where that score was written. A direction of forte (loud) in a score for example would mean very different things in a piece written in the 18th century compared to one written in the 20th century. 
By keeping these principles in mind, teachers can create the conditions in which pupils develop and utilise critical thinking skills. Let’s now explore the active ingredients that make this possible in practice. 
Identifying the active ingredients
Take a look now at the active ingredients that can help teachers to support pupils’ critical thinking and transfer of knowledge: 
Some strategies that could be used to support pupils to transfer knowledge include: 
· Teaching critical thinking within specific domains so pupils have the knowledge required to think effectively.
· Ensuring pupils have the necessary foundational knowledge, for example through formative assessment.
· Drawing explicit links to prior knowledge to help pupils activate the right ideas from long-term memory.
· Guiding pupils to attend to deep structure rather than surface features of problems.
· Using varied examples with shared deep features to highlight underlying similarities.
· Providing models that compare familiar contexts with new ones so pupils can see how knowledge transfers within the domain.
· Using worked and partially completed examples to support pupils in applying prior knowledge in new situations.
· Modelling expert thinking aloud to demonstrate how deep features are identified and used.
· Planning explicit instruction rather than assuming critical thinking will transfer across subjects.
· Offering repeated practice so deep-structure recognition becomes increasingly secure.
Let’s look at some classroom examples that show what this can look like in practice.
Examples 
	Schools should add exemplification relevant to their context to demonstrate the teaching of critical thinking skills in practice making explicit links to the ‘active ingredients’ and highlighting how these make it effective. 
Examples could include: video exemplification, modelling, a transcript, lesson observations, artefacts or classroom resources. 
Video exemplification should last no longer than 2-3 minutes.


[bookmark: R3checkyourunderstanding]Now check your understanding!
	Based on the reading, why does Willingham argue that critical thinking must be taught within subject domains rather than as a general skill?
A) Because pupils find domain-specific tasks more enjoyable than general critical thinking exercises.
B) Because pupils often remember content more easily when it is taught through subject examples rather than abstract tasks.
C) Because critical thinking processes depend on subject-specific knowledge and deep structures within each discipline.
D) Because general critical thinking programmes take too long to deliver within a typical school timetable.

The correct answer is C.
Willingham argues that analysis, synthesis, and evaluation differ across subjects, and that pupils need domain knowledge to recognise deep structures and apply critical thinking effectively.

Answer A is not correct.
The reading does not mention enjoyment; the argument centres on the limited transfer of general critical thinking skills and the importance of domain knowledge.

Answer B is not correct.
While examples may aid understanding, the key point is that critical thinking requires subject-specific knowledge, not just improved memory for content.

Answer D is not correct.
Time constraints are not presented as a reason; rather, the evidence shows that general programmes have limited success in transferring to new tasks.
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[bookmark: Personalprofessionaldevelopmentcycle]Your Personal Professional Development Cycle 
The Personal Professional Development Cycle has been developed to guide you as you implement research-informed improvements into your teaching practice. You’ll be familiar with this cycle from your programme introduction. A reminder of the model has been included below. 
You are at the do stage of this cycle. 
[image: ]

You’ve now completed your self-study for this module. You can come back to look at it again at any time, if you need. 
What’s next for me?
	Now, it’s time to put your plan into practice with the ‘do’ phase. 
1. Review the plan you and your mentor devised in Mentor Meeting 1: Prepare and Plan. 
2. Reflect on examples you have seen in this self-study to help you understand what the theory could look like in practice. 
3. Plan how you will record evidence of the impact of your plan against the agreed criteria, for example, pupils’ work or notes made after lessons.  
4. Before Mentor Meeting 2: Review and Adapt, take time to look at the prompts in Appendix 1 to support your preparation. 
5. You’ll find prompts to support your preparation for Mentor Meeting 3 there too.
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[bookmark: RelatedECFStatements]Related ITTECF statements
Demonstrate good subject and curriculum knowledge
Learn that…
3.1. A school’s curriculum enables it to set out its vision for the knowledge, skills and values that its pupils will learn, encompassing the National Curriculum within a coherent wider vision for successful learning.
3.2. Secure subject knowledge helps teachers to motivate pupils and teach effectively.
3.3. Ensuring pupils master foundational concepts and knowledge before moving on is likely to build pupils’ confidence and help them succeed.
3.5. Explicitly teaching pupils the knowledge and skills they need to succeed within particular subject areas is beneficial.
3.6. In order for pupils to think critically, they must have a secure understanding of knowledge within the subject area they are being asked to think critically about.
3.7. In all subject areas, pupils learn new ideas by linking those ideas to existing knowledge, organising this knowledge into increasingly complex mental models (or “schemata”); carefully sequencing teaching to facilitate this process is important.
3.8. Pupils are likely to struggle to transfer what has been learnt in one discipline to a new or unfamiliar context.
3.11. Pupils’ positive dispositions and attitudes towards mathematics are associated with positive outcomes on learning.
3.12. Pupils' oral language skills can be supported by teaching new words and how to use and understand words within sentences or longer texts. This can help to address speech and language difficulties, especially for children in their early school years.
Learn how to…
Deliver a carefully sequenced and coherent curriculum, by:
3.a. Identifying essential concepts, knowledge, skills and principles of the subject and providing opportunity for all pupils to learn and master these critical components.
3.b. Ensuring pupils’ thinking is focused on key ideas within the subject.
3.e. Being aware of common misconceptions and discussing with experienced colleagues how to help pupils master important concepts.
Support pupils to build increasingly complex mental models, by:
3.g. Balancing exposition, repetition, practice of critical skills and knowledge.
3.h. Revisiting the big ideas of the subject over time and teaching key concepts through a range of examples.
3.i. Drawing explicit links between new content and the core concepts and principles in the subject.
Develop fluency, by:
3.j. Providing tasks that support pupils to learn key ideas securely (for example: quizzing pupils so they develop fluency with times tables).
3.k. Using retrieval and spaced practice to build automatic recall and application of key knowledge.
Help pupils apply knowledge and skills to other contexts, by:
3.l. Ensuring pupils have relevant domain-specific knowledge, especially when being asked to think critically within a subject.
3.m. Interleaving concrete and abstract examples, slowly withdrawing concrete examples and drawing attention to the underlying structure of problems.
Develop pupils’ literacy, by:
3.p. Teaching unfamiliar vocabulary explicitly and planning for pupils to be repeatedly exposed to high-utility and high-frequency vocabulary in what is taught.
Fulfil wider professional responsibilities
Learn that…
8.1. Effective professional development is likely to be sustained over time,  building knowledge, motivating staff, developing teaching techniques, and embedding practice.
8.2. Reflective practice, supported by feedback from and observation of experienced colleagues, professional debate, and learning from educational research, is also likely to support improvement.
8.3. Teachers can make valuable contributions to the wider life of the school in a broad range of ways, including by supporting and developing effective professional relationships with colleagues.
8.7. Engaging in high-quality professional development can help teachers improve.
8.9. Research evidence can vary in its level of reliability, which is determined by how the research was conducted and other factors that might introduce bias, such as the level of independence. High quality research communicates methods and limitations transparently.
Learn how to…
Develop as a professional, by:
8.a. Engaging in professional development focused on developing an area of practice with clear intentions for impact on pupil outcomes, sustained over time with built-in opportunities for practice.
8.c. Seeking challenge, feedback and critique from mentors and other colleagues in an open and trusting working environment.
8.d. Engaging with research evidence by accessing reliable sources, seeking support for how findings can inform practice, and monitoring the impact of applications.
8.e. Reflecting on progress made, recognising strengths and weaknesses and identifying next steps for further improvement.
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[bookmark: Appendix1]Appendix 1: Preparing for your mentor meeting 

	Mentor Meeting 1
	Mentor Meeting 2
	Mentor Meeting 3


[bookmark: Meeting1]Preparing for Mentor Meeting 1: Prepare and plan 
	Reflecting on the content of the reading summaries in Section 1 of your self-study, along with your reflections on your current practice, your pupils, and your context consider: 
· Is there one reading and area of study that you feel would most support your development this half-term?
· How does this relate to what you are seeing in your classroom? 

	[bookmark: _Hlk152933698]Refer to the action steps related to your chosen reading in appendix 2. Choose one which best supports your area of focus. 

	Thinking specifically about your class/classes, how can you implement the chosen strategy or approach to meet the unique needs of your pupils and classroom context?

	Are there any barriers or challenges that could hinder the development of the identified approach or strategy? How could you address these challenges?

	What specific steps do you need to take to implement the chosen strategy in your classroom? What resources or materials will you need?

	What would it look like if it was effective? How will you know if it has been effective?

	Who can you work with to gain additional insights and support in planning the chosen approach? Or do you feel ready to work on this independently?





[bookmark: Meeting2]Preparing for Mentor Meeting 2: Review and adapt 
	What do your notes and reflections indicate about the what went well during the ‘do’ phase of your cycle? What evidence is there to support this? 

	What challenges did you experience and how did you overcome them?
Were they any things you needed to adjust or adapt? How did that improve outcomes? 

	Revisit your action steps. Do you need to amend them or add any? Refer to appendix 3 for suggested extensions to the action steps.

	Note anything else you wish to discuss with your mentor during Meeting 2 that will support the re-do phase of your cycle. 


[bookmark: Meeting3]Preparing for Mentor Meeting 3: Final review and next steps 
	What aspects of the implementation were successful, and why? Does this mirror the suggestions within your chosen research?

	What challenges or obstacles did you encounter, and how did you address them?

	What adjustments or refinements can you make based on the insights gained during the review process, and how will these inform future practice? 


Click to return to Content page
[bookmark: Appendix2]Appendix 2: Suggested Action Steps
These suggested action steps have been provided for each of the readings. These are supported with specific examples for each phase. You may wish to discuss them with your mentor during Meeting 1 to help you to plan your personal professional development focus. 
Reading 1 - Possible action steps
Consider one of the following which draw on the work of Willingham (2002)
1. Plan to incorporate a range of examples and non-examples in your exposition to support pupils develop their understanding of abstract concepts and improve their flexible knowledge.
	EYFS
	Use concrete objects to show examples and non-examples, such as grouping shapes that are circles and shapes that are not circles.
Model sorting with clear verbal explanations: ‘This belongs because… This does not because…’.

	Primary
	Show multiple examples of a concept (e.g., fractions) and contrast them with non-examples to help pupils see what the idea is and is not.
Use visual representations and brief comparisons to highlight the underlying rule.

	Secondary
	Present varied examples of a concept from the subject domain and contrast them with non-examples to draw attention to the deep structure.
Explain explicitly why each example fits the concept and why each non-example does not.

	Specialist – SEND setting
	Use scaffolded, step-by-step comparison activities that contrast one clear example with one clear non-example.
Revisit these comparisons in short cycles to reinforce the underlying idea.

	Specialist – Alternative Provision setting
	Select real-world, relatable examples and non-examples to make abstract ideas more concrete.
Break down the comparison into small, manageable steps and reinforce the core idea through discussion.



2. Use targeted questioning to promote flexible knowledge by planning a series of questions designed to challenge pupils’ understanding of concepts.
	EYFS
	Ask simple, guided questions such as ‘Which one is the same?’ or ‘Why does this not belong here?’
Prompt children to explain their choices using short, supported sentences.

	Primary
	Plan questions that encourage pupils to reason, such as ‘How do you know?’ and ‘Can you think of another example?’
Use follow-up questions to push pupils to connect ideas across tasks.

	Secondary
	Sequence questions that require pupils to compare, justify, and apply concepts in new contexts.
Use prompts like ‘What makes this similar to yesterday’s example?’ to activate deep structure thinking.

	Specialist – SEND setting
	Use short, direct questions supported by visual cues, such as ‘Show me another one that works.’
Provide sentence starters to help pupils articulate their reasoning.

	Specialist – Alternative Provision setting
	Use practical, context-based questions such as ‘Where would you use this in real life?’
Encourage pupils to explain their thinking step by step, reinforcing confidence and clarity.



3. Build strong factual knowledge by planning opportunities for pupils to revisit key concepts at increasing levels of difficulty.
	EYFS
	Revisit core ideas (e.g., number, shape) through repeated play-based activities that gradually add small challenges.
Use familiar routines to strengthen recall, such as daily counting or shape hunts.

	Primary
	Plan spaced reviews of key content, increasing complexity each time—for example, moving from identifying fractions to comparing and applying them.
Include quick retrieval tasks to reinforce foundational knowledge.

	Secondary
	Design retrieval practice that revisits essential knowledge before moving into more demanding applications.
Increase challenge over time by requiring pupils to apply facts to unfamiliar problems.

	Specialist – SEND setting
	Use short, frequent review sessions that return to essential facts with incremental complexity.
Provide structured prompts and visuals to support memory and reduce cognitive load.

	Specialist – Alternative Provision setting
	Revisit key concepts through practical tasks that gradually increase challenge, linking knowledge to real-life contexts.
Use personalised check-ins to reinforce recall and track small steps of progress.


Reading 2 - Possible action steps
Consider one of the following which draw on the work of Rich et al. (2017)
1. Develop your subject and pedagogical content knowledge to help you better anticipate and address misconceptions.
	EYFS
	Secure your understanding of early developmental progressions so you can anticipate misconceptions, such as confusing size with quantity.
Use this knowledge to plan activities that reveal how children typically think at this stage.

	Primary
	Strengthen your grasp of key concepts (e.g., place value, grammar rules) and common misconceptions linked to them.
Use this knowledge to pre-empt errors and prepare clear explanations.

	Secondary
	Deepen your understanding of the subject’s core ideas and where pupils commonly go wrong, such as confusing correlation with causation in science or misinterpreting source reliability in history.
Use this insight to structure teaching that proactively addresses likely misconceptions.

	Specialist – SEND setting
	Develop strong understanding of the key concepts and the specific misconceptions your learners commonly show.
Use this knowledge to tailor explanations and scaffolded tasks that meet pupils’ needs.

	Specialist – Alternative Provision setting
	Strengthen knowledge of the fundamental concepts pupils often struggle with due to gaps in prior learning.
Use this understanding to build targeted learning sequences that directly address these gaps.



2. Use your subject and pedagogical content knowledge to plan formative assessment strategies in your lessons to help identify common misconceptions as they arise.
	EYFS
	Plan simple observational checks, such as asking children to sort objects, to see whether they understand categories or quantities.
Use quick prompts to reveal emerging misunderstandings.

	Primary
	Design hinge questions or mini-tasks that reveal whether pupils grasp key ideas, such as identifying misconceptions in maths methods or grammar choices.
Use immediate responses to adjust teaching.

	Secondary
	Integrate low-stakes quizzes, diagnostic questions, or short analytical tasks that expose common misconceptions.
Use pupils’ answers to refine explanations and reteach concepts where needed.

	Specialist – SEND setting
	Plan highly structured checks, such as matching tasks or guided oral questions, to uncover misunderstandings in small steps.
Respond with targeted support based on what pupils show.

	Specialist – Alternative Provision setting
	Use short, practical, context-based checks—such as applying a concept to a real-life scenario—to reveal gaps in understanding.
Adapt teaching on the spot in response to what pupils demonstrate.


3. Script an explanation for a common misconception you have identified as being likely to occur.
	EYFS
	Prepare a clear, simple explanation for misconceptions such as confusing ‘big’ with ‘more’.
Use concrete objects and repetition to clarify the idea.

	Primary
	Write a brief, precise script addressing a frequent misconception, such as misunderstanding the value of digits in larger numbers or misidentifying verbs.
Use this script during modelling to ensure clarity and accuracy.

	Secondary
	Prepare a concise explanation that tackles a subject-specific misconception, such as confusing energy with force or misreading metaphor as literal meaning.
Use your script to model expert thinking and address the misconception directly.

	Specialist – SEND setting
	Script a step-by-step explanation with visuals for misconceptions your pupils often hold.
Use simple language and repeat key points to reinforce understanding.

	Specialist – Alternative Provision setting
	Prepare a practical, relatable explanation for misconceptions, linking the concept to everyday experience (e.g., confusing cause and effect in behaviour or science).
Deliver it in short, accessible steps to maximise clarity.


Reading 3 - Possible action steps
Consider one of the following which draw on the work of Willingham (2019). 
1. Identify critical thinking skills specific to your subject or phase.
	EYFS
	Identify early thinking skills such as comparing, sorting, and noticing patterns that underpin later subject learning.
Plan activities that nurture these skills through play and simple talk prompts.

	Primary
	Identify the core critical thinking skills your subject requires, such as evaluating evidence in history or spotting patterns in maths.
Map these skills onto your unit plans so pupils encounter them frequently.

	Secondary
	List the discipline-specific critical thinking skills essential to your subject, such as analysing source reliability in humanities or critiquing methodology in science.
Make these skills explicit in your lesson objectives and modelling.

	Specialist – SEND setting
	Break down subject-specific thinking skills into clear, manageable steps, such as identifying key information or making simple inferences.
Plan tasks that allow pupils to practise these steps with high support.

	Specialist – Alternative Provision setting
	Identify practical, real-world thinking skills linked to your subject, such as assessing risk in vocational tasks or evaluating options in PSHE.
Design activities that let pupils apply these skills in meaningful, authentic contexts.



2. Teach critical thinking within subject domains, not as a standalone skill.

	EYFS
	Plan activities that introduce thinking skills within familiar themes, such as asking children to compare two stories to decide which character is being kind.
Model simple reasoning using concrete examples.

	Primary
	Teach critical thinking through subject content by modelling skills such as evaluating evidence in history or identifying patterns in maths.
Give pupils structured tasks that let them apply these skills directly within the topic.

	Secondary
	Embed critical thinking in your subject by explicitly teaching discipline-specific strategies, such as analysing source reliability in history or evaluating experimental design in science.
Model expert thinking and provide scaffolded practice.

	Specialist – SEND setting
	Teach critical thinking through small, clearly structured tasks anchored in concrete subject content.
Model the strategy step by step and use visuals to support understanding.

	Specialist – Alternative Provision setting
	Use practical, real-life subject tasks to develop critical thinking, such as evaluating safety choices in a vocational lesson.
Break the reasoning steps down and model how to apply them.



3. Use problem comparison and explicit modelling to help pupils recognise deep structures.
	EYFS
	Show children two simple tasks, such as sorting animals by size and sorting objects by colour, and model noticing what is the same and different.
Use clear language like ‘These look different, but we sort them in the same way.’

	Primary
	Present two worked examples with different surface features but the same underlying idea (e.g., two different fraction problems).
Model how to spot the shared structure and ask pupils to explain the similarity.

	Secondary
	Use problem comparison tasks where pupils examine two solutions with the same deep structure and discuss how the method applies to a new problem.
Model your thought process aloud to reveal how you identify underlying principles.

	Specialist – SEND setting
	Use scaffolded comparison tasks with one clear example and one simplified non-example.
Model the reasoning slowly and use visuals to highlight the deep structure.

	Specialist – Alternative Provision setting
	Provide paired real-world scenarios that require the same underlying reasoning (e.g., budgeting for food vs budgeting for transport).
Model how the same thinking applies across both contexts.
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[bookmark: Appendix3]Appendix 3: Levelling up your action step
Reading 1 – Extending your action step
· Develop an adaptive questioning routine that responds in real time to pupils’ thinking, using follow-up questions that probe deep structure rather than surface features.
· This might involve flexibly adjusting questions based on misconceptions that emerge, prompting pupils to justify reasoning, compare methods, and apply ideas in unfamiliar contexts. Over time, this creates a responsive dialogue that mirrors expert classroom talk.
Reading 2 – Extending your action step
· Extend your scripted explanation by planning multiple representations of the concept (visual, verbal, concrete, and abstract) so you can switch approaches if pupils do not grasp the initial explanation.
· This may include preparing alternative analogies, contrasting cases, or worked examples that help pupils connect the correct conception to existing schema. Expert teachers seamlessly select and adapt these representations during instruction.
Reading 3 – Extending your action step
· Map each critical thinking skill to specific subject/phase tasks and design opportunities for pupils to transfer these skills across different topics within the domain.
· This might involve creating comparison tasks, modelling how the skill looks in varied contexts, or tracking how pupils’ use of the skill develops over time. Mature practice involves cultivating a classroom culture where these skills are named, revisited, and gradually internalised by pupils.
Click to return to Content page
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