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A critical analysis of the relationship between teacher subject knowledge and effective learning and teaching in the primary school. 
Introduction
A teacher is an important figure in the life of a child, therefore it is essential for a teacher to have sufficient subject knowledge for teaching, as it impacts on the achievement of students (Kleickmann et al., 2013). The subject knowledge of a primary teacher is more challenging than that of those teaching at secondary level, due to the areas of the curriculum being taught (Arthur & Cremin, 2010).  This does imply, however, that subject knowledge is less important at a secondary level. Teaching is one of many professions that adheres to a code of practice and in addition to this, prospective teachers must attain certain standards in order to achieve Qualified Teacher Status (QTS). The QTS has three broad categories (each of which are further subdivided), these being: professional values and practices; knowledge and understanding; and teaching (Denby, 2008). Knowledge in this instance refers not only to knowing the expectations of pupils at the various stages of their education, but also the subject knowledge of the teacher (Denby, 2008). Subject knowledge and what that encompasses, is a term that has often been debated, as has its application in relation to effects on teaching and learning. 
In this essay, the various literature on subject knowledge and its relation to effective teaching and learning in the primary school will be discussed, looking at trying to define what subject knowledge involves in practice. I will also draw upon my own experiences on Professional Teaching Experience (PTE) to analyse and evaluate my own knowledge base. 

School Context
In accordance with BERA guidelines, the identity of my PTE school will be omitted for the purpose of anonymity. My placement school will therefore be referred to as “School A.” 
School A is a small rural school of approximately 250 children situated in an affluent area within the Neath Valley. Only 5% of pupils at School A are entitled to Free School Meals (FSM), this being well below the Welsh average of 19% (Estyn, 2017). There are only a few pupils within the school who speak English as an additional language, and no children come from Welsh speaking homes. 17% of pupils attending School A have been identified as having an additional learning need (Estyn, 2017). 
My placement class at School A, was in a Year 5 class of 32 pupils (20 female, 12 male) all aged between 9 and 10 years old. There were no additional adults in this setting, however, during the university mentor observation, the class teacher acted as an additional adult. 

Literature Review
The Programme for International Student Assessment (PISA) compares students’ abilities in science, reading and mathematics, it also analyses how students perform in relation to their experiences of school and teaching (Welsh Government, 2017). It has been identified that Wales generally performs poorly in comparison with other nations, a correlation could be made with the current quality of teaching and learning in Wales, with there being an ongoing debate surrounding teacher subject knowledge and effective education (Donaldson, 2015). 
Literature suggests that subject knowledge for teaching is essential with Grossman (1990,  cited in Kleickmann 2013) suggesting that it comes from a variety of sources. It is important to note that within cognitive psychology, ‘knowledge’ is more than one concept and there is a distinction between declarative (factual knowledge) and procedural knowledge (knowledge of application), this being relative to how teacher knowledge develops (Guerriero, 2017).
John Hattie (2009) conducted a meta-analysis on various educational studies to identify factors that influenced effective learning. Each factor was given an ‘effect size’, with an effect size of 0.4 required for learners to make one year’s improvement. Teacher subject knowledge yielded an effect size of 0.09, whereas teacher feedback (0.73), and small group learning (0.49) (Hattie, 2009), yielded higher effect sizes thus indicating that subject knowledge is not as important compared to other factors in contributing to effective learning. There has been criticism of Hattie’s work as results from the meta-analysis study have been taken too literally by some. Certain factors were valued over others when in fact, his research was meant to suggest that it is a combination of various factors that lead to effective learning and teaching. 
Ball, Thames & Phelps (2008) argue that subject knowledge is a term that is not adequately defined and there have been too few studies to empirically test for this knowledge. Most studies have focused on pedagogical content knowledge in relation to teacher knowledge and student outcomes (Guerriero, 2017). This would imply that it is difficult to ascertain the specific elements of effective teaching and learning relating to teacher subject knowledge, thus making it difficult to prove what is specifically required to create effective learning. 
Lee Shulman, an American educational psychologist has been influential in the teacher subject knowledge debate.  In his seminal accounts, Shulman (1986, 1987) identified seven essential categories of knowledge base required by teachers (Figure 1). The study was in response to other research into teacher effectiveness that did not consider teacher subject knowledge (Anderson & Burns, 1989). During this study the categories of teacher knowledge were established, in addition to the model of pedagogical reasoning (figure 2). [bookmark: _Hlk534735152]Figure 1. Self-made – information from Turner-Bisset (2001; p12)
Model of pedagogical reasoning (Shulman, 1987)
· Transformation
· Instruction 
· Evaluation
· Reflection 
· New comprehension
· Comprehension 
Categories of teacher knowledge 
· Content knowledge 
· General pedagogic knowledge
· Curriculum knowledge
· Pedagogical content knowledge 
· Knowledge of learners
· Knowledge of educational contexts
· Knowledge of educational ends.

From his study there is an emergence of the term ‘pedagogical content knowledge’ (PCK) (Shulman, 1986). PCK is unique to teachers, comprising of the integration of pedagogical knowledge and subject knowledge (Cochran, 1997).  It is how the teacher uses various examples in order to demonstrate a subject or concept in a way that learners will be able to grasp it through various analogies, illustrations, or other methods (Shulman, 1986). PCK is also identifying any misconceptions that learners may have about a topic or subject and being able to draw upon various strategies to address them (Shulman, 1986). The implication is the specific application of knowledge on creating effective teaching and learning.Figure 2 – self made, information taken from Anderson & Burns (1989, p. 265)

The Pedagogical Reasoning model (Shulman, 1987) is useful in that it provides a framework for teachers to critically think and reflect upon their practice and has its origins in empirical research.
It is important to note that there will be a great emphasis on PCK in effective teaching and learning as a result of Successful Futures (Donaldson, 2015). The curriculum reform will revolutionise the curriculum in Wales and has been created in order to ensure that appropriate opportunities are provided for learners across six Areas of Learning and Experience. The aim is to allow students to achieve the Four Core Purposes of Learning. The report highlights the requirement for teachers to use more effective teaching strategies so that the needs of the leaner are met (Donaldson, 2015) consequently implying that PCK needs to be utilised for effective teaching and learning. 
Rowland & Turner (2007) looked at issues of both subject matter knowledge and pedagogical content knowledge in relation to PGCE student. The study identified 17 categories of subject knowledge which were then categorised into 4 sections which make up the ‘Knowledge Quartet’ (Figure 3). Foundation involves knowledge that has the ability to inform pedagogy; Transformation involves the use of examples to present ideas to learners; Connection is the planning or teaching of a subject; Contingency is when incidents occur that cannot be planned for and the teacher must ‘think on their feet’ (Rowland and Turner, 2007).  Many elements of Shulman’s (1986, 1987) models of knowledge base and Pedagogical Reasoning appear to be incorporated into the aspects of Knowledge Quartet indicating the influence it has had. Rowland et al. (2009) indicates however, that Connection does not link to a specific category of Shulman’s (1986) knowledge base, whereas Contingency can involve all seven catergories. It is clear to see from the literature, that subject knowledge goes far beyond merely ‘content’ knowledge, though it is of course important.Figure 3. “The Knowledge Quartet” – image obtained from www.knowledgequartet.org (Accessed 07/01/19)
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In a later work, Hattie (2012) revisits the notion of teacher subject knowledge matter, identifying that having a high level of subject knowledge was a feature of expert teachers. This seems contradictory to his earlier work, but he argues that it is less about content knowledge or pedagogical content knowledge, rather the organisation and use of this content knowledge, an integration of knowledge that can create effective teaching and learning.
There have been numerous case studies that have looked at the importance of subject knowledge (in its many forms) for effective teaching. One such case is detailed by Turner-Bisset (2001) studying the teaching of Tom, an engineering student with a 2:1 honours degree. He was observed in a poetry lesson where his subject knowledge was poor, he had little control over the class, he did not adequately explain or describe the task, learners did not know what was expected of them and therefore did not complete the task well. The teaching and learning in this lesson were both ineffective as Tom had not the content knowledge, curriculum knowledge, or PCK as outlined by Shulman (1986) for successful teaching and learning to take place. Considering the literature on Shulman’s (1987) Pedagogical Reasoning, Tom has not achieved the Comprehension stage as he lacks competent understanding (Shulman, 1987). Therefore, this has a negative impact on the learning of the students in his classroom. Contrary to this is an argument that the quality of pedagogical knowledge develops through experience (Guerriero, 2017), Tom was at the beginning of his initial teacher training in his observed lesson on poetry. He has not had the sufficient experiences necessary to develop his pedagogical knowledge, meaning that his classroom management skills were poor. Tom was observed again two years later in a science lesson that was very successful. His subject knowledge in this area is strong and, having taught for two years by this stage, had developed the necessary PCK and general pedagogic knowledge in order to create successful learning Shulman (1986), and Guerriero (2017). 
It is interesting that Turner-Bisset (2001), identifies 12 knowledge bases for teaching from their own study, which adds to Shuman’s (1986, 1987) models by including aspects knowledge of self, beliefs about subjects and cognitive and empirical knowledge of learners (Turner – Bisset 2001).
In another case study, Colleen, a trainee teacher with a high level of subject knowledge in English avoided eye contact with certain pupils in her class during a lesson on grammar. As she felt that her content knowledge in this area was poor, it affected her confidence (Shulman, 1987). Learners were not given chance to ask or answer questions because Colleen felt ill-equipped to answer them, this clearly impacting on the quality of teaching and learning. 
In both case studies detailed here, there is the implication on the emphasis of good content knowledge for effective teaching and learning. In the example of Colleen, it also demonstrates the importance of the Comprehension and Transformation aspects of Shulman’s (1987) model of Pedagogical Reasoning, and how her lack of knowledge affected her teaching.  
Coe et al., (2014) considered research on effective teaching and identified six components that make great teaching, these being: (Pedagogical) content knowledge; quality of instruction, classroom climate; classroom management; teacher beliefs; and professional behaviours. Though both Coe et al. (2014) and Shulman (1987) suggest that teacher subject knowledge is important (Comprehension within Shulman’s (1987) Pedagogical Reasoning) in order to scaffold learners, thus creating effective teaching and learning, Coe et al. (2014) place a greater emphasis on PCK as impacting on student outcomes. 
This is supported in the case study of Naomi in Rowland et al. (2009). Naomi has a high level of maths subject knowledge and is able to use the appropriate vocabulary in relation to subtraction in order to support learning, representing it ways (Transformation) that learners could understand. 
Case studies, though providing key information, also have flaws as observers involved in each different study focus on what they feel is the most important aspect of teaching. Therefore, the results do not agree on what is the most important aspect of teacher knowledge meaning it is hard to accurately describe what ‘knowledge’ is for a teacher. This is in agreement with Hattie (2012) who argues that research into effective teaching has been small scale and focuses on individual elements therefore questioning its validity. There are those who have argued that much of the research into PCK focusses more on the ‘how’ rather than the ‘why’ (Segall, 2004) meaning that it is difficult to define.
Shulman’s (1986, 1987) literature, however, is seminal and his research into knowledge base has taken place over an extended period of time, making it more valid compared to other studies. This is significant because his research is still being used today. What is clear from the literature on subject knowledge is that, in agreement with Ball, Thames & Phelps (2008) the term subject knowledge is not clearly defined. It is apparent that there is not one particular aspect of subject knowledge that creates effective teaching and learning, and one aspect does not have more importance over another. Rather, it is the effective application of the various elements of subject knowledge that will create successful teaching and learning. It is necessary for teachers to reflect upon the various models of teacher knowledge in order to inform practice. 

Analysis and Reflection in relation to PTE
Reflection in and on teaching is important to make judgement on practice in order to further inform it. Kyriacou (2007) identified the need to reflect in order to improve practice and to meet the changing demands for teaching. Whereas Sewell (2008, cited in Cremin and Arthur 2014) suggests that practitioners need to be reflexive in addition to being reflective, that is acting upon reflections, not just identifying them. This is important for practitioners in order to create effective teaching and learning. 
Using aspects of literature related to subject knowledge, I will reflect on my own subject knowledge with the view of addressing any issues or shortcomings that I may have in becoming an effective teacher. My reflection will also look at my own practice in reference to Donaldson (2015).
I am going to use the knowledge base for teaching model (figure 1.) as a framework for my reflection. I will also link elements to the Knowledge Quartet (Rowland & Turner, 2007) and to Shulman’s (1987) model of Pedagogical Reasoning to demonstrate my understating of the literature where appropriate. 
I am going to mainly reflect on an independently planned and taught mathematics lesson, the first lesson in a series on the topic of coordinates. However, I will draw upon other sessions from PTE to identify any issues that I had in relation to knowledge base. Learners in my classroom environment were not grouped by ability, they were grouped by seating plan and it was this grouping that I used to work on a carousel of activities over the week. One of the activities drew on aspects of a Welsh session (that had also been incorporated into a separate mathematics lesson), and another was ICT based and related to the class topic of “Scream Machine.” This ICT activity linked to ‘Digital Competency,’ one of the three cross curricular responsibilities (Donaldson, 2015). See Appendix 1 for full lesson plan. 

Content Knowledge 
I believe that my content knowledge for the session was good as I had ensured that I had carried out additional research prior to the lesson. During the session I felt confident as I was able to explain mathematical terms and processes related to coordinates appropriately, and unlike Colleen (Shulman, 1987), felt that I would be able to answer any questions that the learners may have had. During the introduction I had included additional information to further the learning of the students which my mentor was particularly impressed with (Appendix 2) indicating strong content knowledge. By having good subject knowledge of the topic of coordinates, I met the first phase of the Knowledge Quartet (Foundation). I had the appropriate knowledge to form an effective lesson as seen in planning, being able to use the correct mathematical language, and making use of my own resources (Rowland et al, 2009). In addition, I have met Comprehension (Shulman, 1987), as I was able to relate coordinates and its uses in other areas of the curriculum. 
I feel that my content knowledge of science is weaker, but still to an adequate level for the students that I was working with. When asked to act as an additional adult in a lesson on pendulums, much like Colleen, there were issues of confidence in case I was asked a question that I would be unable to answer. Though adequate, I have identified that this is an area of the curriculum where my content knowledge needs to be improved in order to address confidence issues 
General Pedagogical Knowledge
I felt that my general pedagogical knowledge was good during this lesson as I managed the classroom environment well. Acting upon advice given to me in the first week of PTE on the importance of positioning myself to have full view of the class, I was able to identify or prevent unwanted behaviour. I also employed various strategies when the noise level was beginning to approach a level that I deemed detrimental to learning. The organisation of my resources was excellent, I had organised them into groups and had further subdivided resources that had been differentiated, meaning that the lesson ran smoothly. 
Curriculum Knowledge
The planning (see appendix 1) indicates that I have the curriculum knowledge base as identified by Shulman (1986). By having a good understanding of the curriculum, I was able to plan and teach an appropriate lesson, teaching the skills that were relevant to the age group of the class.  With regards to the curriculum specific to Wales I was also able to accurately identify elements of the LNF (Literacy and Numeracy Framework) that must be embedded in lessons across the curriculum, and included elements of cross curricular responsibilities (Donaldson, 2015). A shortcoming here is that I had included an Oracy (Speaking) element in the plenary but only for the group working in ICT. Having reflected upon this, in the following session I asked each group present to the class how to carry out the activity they had done in the previous session. In addition to this I had not included it in my planning, therefore I need to make explicit links in future planning to show understanding of curriculum knowledge.
Pedagogical Content Knowledge 
Learners within my classroom environment were not grouped based on ability due to the dynamics of the class. I had anticipated that there would be potential for misconception with some learners regarding accurately plotting coordinates. For these learners I simplified the method and instead of referring to the X and Y axis, I told them and reiterated the phrase ‘along the corridor and up the stairs’. By ensuring that I used both technical (X and Y axis explanation), and analogy (corridor/stairs phrase), learners were exposed to different explanations which would aid and develop understanding of coordinates. 
During the introduction and the plenary, I utilised two interactive ICT games to check learner knowledge and understanding, randomly selecting lollipop sticks with individual learners’ names on as an assessment for learning strategy (Evaluation – Shulman, 1987).
I also provided sufficient demonstrations and I am confident that as I was able to support learners where it was appropriate, addressing any misconceptions they may have had.
There are elements here linking to the Knowledge Quartet (Transformation) by my choices of representation and demonstration, (Rowland et al., 2009). 

Knowledge of Learners and their characteristics
The Welsh activity of the carousel related to previous Welsh and mathematics sessions. Due to the mixed ability of the class I was aware of learners who would potentially find certain aspects more difficult and therefore created a set of differentiated worksheets.  For the carousel to be effective it would require two groups working on the same activity. By knowing the dynamics of the class, I was able to identify which groups could not work together when completing the ICT activity as they were working outside of the classroom in a smaller environment. 
I am also aware of the learners in my class who struggle with mathematical concepts (Connection – Rowland et al, 2009), and therefore understood that the concept may have been quite complex for some and it was necessary to provide them with extra support. 
Knowledge of educational contexts
This is an area of knowledge base that I need to improve on. Though my knowledge of educational contexts within Key Stage 2 are good, I am not as confident in relation to it at Foundation Phase. This would affect both Comprehension and Transformation (Shulman, 1987) and therefore needs to be addressed on PTE. The curriculum reform in Wales in relation to the Four Core Purposes (Donaldson, 2015)  will have an effect on educational contexts and I need to develop more of an awareness of these implications in order to  create effective learning and teaching in future. 

Knowledge of educational ends 
Having knowledge of what was required from learners in relation to the curriculum meant I had planned my lesson accordingly. I had used the curriculum documents and the LNF to ensure that the skills that I was teaching were appropriate to the educational development of the learners. In future PTE practice, it will be necessary to provide learning opportunities that encompass cross curricular studies in preparation for the implications on the curriculum of Successful Futures (Donaldson, 2015).

Conclusion 
[bookmark: _GoBack]It is clear from the literature that debate still surrounds whether content knowledge should be classified as a category of its own or whether it should be classified with PCK. Though Shulman (1986, 1987) recognises them as independent categories, there are those such as Depaepe, Verschaffell and Kelchterman, (2013, as cited in Guerriero 2017), who do not. What is clear is that content knowledge and pedagogical knowledge are both necessary for effective learning and teaching as demonstrated by various case studies, arguing that the latter develops with experience, in agreement with Guerriero (2017). By regularly reflecting on my teaching, it will be possible to identify any issues surrounding my subject knowledge and I can therefore take steps to address them appropriately. With the curriculum reform in Wales (Donaldson, 2015) the implementation of learning is going to be vital for effecting teaching. In relation to this, it will be interesting to see whether basing the curriculum on the model of many schools internationally by blending subjects with cross curricular studies (Donaldson, 2015) will impact on Wales’ PISA scores. With the curriculum set this way, subject knowledge and PCK are going to be incredibly important in my role of creating effective teaching and learning and I am developing more of an awareness of the implications of the reform on my practice. Whilst on placement I will plan activities with more cross curricular links in preparation for this to develop both my subject knowledge and to inform pedagogy. 
Appendices 
Appendix 1
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	Session Plan – Key Stage 2

	Name of trainee:
	  Louise Victoria White                        
	Session ref:
	031218_NUM09-12

	Personal target(s) in relation to QTS: 
	S2.1

	Year group:
	5
	No. of learners:
	32
	ALN: 
	N/A

	Additional Adults: 
	1 – MO to work with ‘Scratch’ group in storybook castle. 

	Learning objective(s): 
· To develop an understanding of co-ordinates in the first quadrant 
	Success criteria:
· I can read coordinates accurately
· I can write coordinates accurately 
· I can plot coordinates accurately 
· I can use ICT to develop my understanding of co-ordinates 
· I am building on my Welsh knowledge through coordinates 

	Links to previous learning: This lesson is the first in a series of lessons on coordinates. There will be links to their pet investigation from a previous numeracy session (animals in Welsh). It will also build on their knowledge of the multiplication tables.

	Curriculum coverage (range, skills) Using algebra skills – Functions and graphs: read, plot and write coordinates in one quadrant, e.g. (2, 4)

	Literacy(LNF) 
	Numeracy (LNF) use coordinates to specify location

	DCF – Use of coding game ‘Scratch’ to develop knowledge and understanding. 
	Thinking – 
	ESDGC
	YCC – 


Key vocabulary (English/Welsh): coordinate, quadrant, plot, bracket, intersect, x axis, y axis
	Time

	Session activities, organisation and management
	Key questions & Assessment for Learning opportunities  

	 10 – 15 mins
	Introduction
 
Explain that this week we are going to be looking at co-ordinates
Display a quadrant, explain the rule of “along the corridor and up the stairs” to work out a coordinate. Tell learners we write the coordinate in a bracket, separating the number with a comma. 

Warm up game 
https://mathsframe.co.uk/en/resources/resource/474/Multiplication-Coordinates-Alien-Attack 
	

How do we find a coordinate/What is the rule? 
How do we write a coordinate?
Can you work out the coordinate?
Are you able to give me the coordinate in Welsh?


	


30-40
Mins 


	Main activities
There will be a carousel of activities in Maths this week with one activity a day per group of learners.
 
Activity 1 – Scratch. Using ICT, and linked with our topic ‘Scream Machine,’ learners will have a map of Oakwood Park and will need to guide the sprite to a particular ride. They will have to identify the coordinate of that ride.  (If they finish this they can play the intro game)

Activity 2 – Welsh animal co-ordinates plotting. Building on Welsh knowledge of animals, learners will need to first identify the animal and then cut and stick it at the correct coordinate. They will then need to identify the coordinate of animals already in the grid
 



Activity 3 – Alphabet coordinates. Learners will have the letters A-L already plotted and will need to identify the coordinates. They will then need to plot the rest of the alphabet themselves and write their own coordinates. 

Activity 4 – Coordinate pictures. Following a set of instructions, learners must make a picture using coordinates.

Extension activity – emoji coordinates (similar to Activity 4), coordinates bingo, coordinates shape match.  
	
AfL – checking in with learners throughout the lesson to ensure that they understand. 

	5 -10 mins 
	Plenary 

Activity 1 group to lead the plenary to begin with explaining what they had to do to the rest of the class.

Interactive game to end – points (write score on board and see if we can beat the score as the week goes on)
https://www.mathsisfun.com/data/click-coordinate.html  
 
	What is the rule for finding or plotting a co-ordinate?

How do we write a co-ordinate?

Lollipop sticks to select
AfL- traffic light in books




Appendix 2
Extract from University tutor observation with reference to subject knowledge.Your subject knowledge of coordinates was excellent Louise and I was particularly impressed by the way that you incorporated the topic into a range of activities…I particularly liked the way you added extra snippets of information and told them that the point (0,0) was called the origin. 
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