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A critical analysis of the relationship between teacher subject knowledge and effective learning and teaching in the primary school

This essay will aim to discuss the importance and impact of a teacher’s subject knowledge in both previous years and the current, developing curriculum. It will also outline the significance of high quality teaching practice throughout the new frameworks as well as how the curriculum is developing and changing within Wales’ educational environment. This will be done by analysing and evaluating key literature relating to the subject and the most significant pieces of research. I will then analyse my personal subject knowledge against the literature by reflecting on the teaching practice from my professional teaching experience (part 1) in my placement primary school (School A). The school’s sensitive information will remain anonymous as per the requirements of the ‘Global data protection regulations’ (GDPR). 
School A is situated in the centre of the Neath Port Talbot area with a large range of pupils from a variety of locations and backgrounds. It’s part of the healthy schools programme for all pupils and staff alike as well as being known for its outstanding work in disability equality, boasting a unit for children with ASD and additional profound learning difficulties. My class was a KS2, year 3 class of 30 with a variety of abilities, reading levels and 1 child with a multitude of profound learning difficulties. This child was supported by a 1:1 specialist member of staff as well as 1 more learning support assistant who was designated to the class.   
Within this school, there were several instances that both showed me the value of subject knowledge as a trainee teacher and the impact it can have on pupil’s learning. However, before discussing that is important to understand the literature and how it has developed. 
Good teaching is a subject that has been debated and researched heavily in recent years but is difficult to define. What makes a good/effective teacher? This questioned has been carefully examined, especially in Wales, and now, a new curriculum is in the process of being developed and introduced thanks to the work of Graham Donaldson and the Donaldson report (2015). Donaldson claims “the skill of the good teacher lies in establishing in children and young people the more intrinsic satisfaction that comes from making the effort to address and succeed with challenging tasks.” 
Alexander (1995; Gipps et al, 2015, p4) said that effective teachers have strategies for organising classrooms and a variety of techniques for teaching so can therefore choose from a collection various approaches and apply it to the relevant educational situation or setting and make it effective rather than comply to a set educational structure, model or fashion. This implies catering to the needs of all individuals with an array of methods to promote their learning. Coe et al (2014) supports this notion in terms of the outcome of pupil’s learning by stating that effective teaching leads to student achievement and is relevant to future success.
A key focus point has been on the importance of teachers having an understanding and knowledge of the topic they’re trying to teach and its core principles in a variety of styles in order for pupils to understand it. Schwab (1978; seen in Pollard, 2014)) also states teachers need to be able to explain why subject matter is relevant, useful both practically and theoretically.  Ball (2000) states that focusing on what teachers need to know, how they have to know it, and helping them learn to use it could help to close the gaps that have plagued progress in teacher education. Shulman (1986;1987) sought to explore this concept following a case study looking at the teaching of a ‘Moby Dick’ lesson where not only the content of the topic was taught, relayed and rehearsed to the students but the organisation and delivery of the lesson as well as the promotion of cognition meant that pupils were stimulated to think about the subject, ask relevant questions and gain understanding through their own engagement. Shulman then developed a list of contributing factors to effective teaching that consisted of 7 categories (the list comprised of a bare minimum of inclusions by Shulman’s own admission and had the potential to develop further; refer to Figure 2 of appendices for categories). Shulman also highlights another relevant issue. Students are often put into learning environments with preconceptions which, often, are misconceptions regarding content and processes for subjects and topics. Shulman states that it is imperatively important that the best teachers are able to develop and utilise strategies in order to reconstruct these misconceptions and have to have a knowledge of a variety of techniques to achieve this with every single learner possible. 
There are limitations to Shulman’s work. When work is incontestable/ unidimensional processes can be different but have to have an absolute outcome. However, when knowledge is open to challenge, contest and difference in opinion, PCK can waver slightly as multidimensional processes are required for a profusion of possibilities meaning preconceptions may be different but not necessarily incorrect (Meredith, 1995). 
In terms of applying this idea, Carpenter et al (1996) found that this idea of pedagogy was coherent with their own beliefs. They sought to extend this thinking by developing a framework linked with the idea of ‘Cognitively Guided Instruction’(Carpenter & Fennema, 1992) and applied it to children’s constructs and learning of mathematical processes. The framework aimed to develop teachers’ PCK regarding how children solve mathematical problems and how they reconstruct processes based on their supplementary material and their understanding of the content (Vygotsky, 1967). The framework highlights how using various methods (physical objects, pupil reflections, asking useful questions, using feedback, modelling of processes & developing understanding of children’s understanding) utilises another aspect of pedagogical content knowledge; the knowledge of modelling and representing methods and processes to make them more comprehensible for learners (scaffolding). The process looks at the problem, direct modelling, counting and derived facts for a multitude of mathematical problems (refer to appendices, figure 3).   This process displayed that by better understanding the way children understand processes and having the knowledge to model these process for learning and achievement, pupils problem solving skills were improved.  
Continuing with the impact and importance of content knowledge, there have been some indicative pieces of research to come out of Tennessee and Dallas conducted by Haycock (1998). In this study there was a focus, again, on teacher effectiveness and its impact on student outcome and performance. The study categorised teachers into their effectiveness by looking a statistics from  previous year groups and their improvement levels. There were significant findings for both mathematics and reading levels. Fifth grade pupils who had been assigned 3 effective teachers in a row had seen an 83% increase in maths scores over the 3 years whilst pupils with ineffective teachers for that period had seen only a 29% increase. In addition to this, the reading scores of pupils were also significantly different. Pupils started with roughly the same reading levels of about 6. Pupils with three effective teachers in a row rose to roughly 76 whilst pupils with ineffective teachers fell to roughly 42. The study made deductions about what makes for teacher effectiveness. It concluded that effective teachers have ‘strong verbal and math skills’, ‘deep content knowledge’ and a high level of teaching a pedagogical skill.’ This implies that teachers with a high level of subject knowledge and pedagogical knowledge have a largely positive impact on the academic levels and outcomes of pupils ‘over a sustained period of time’ meaning that it is vitally important for educators to obtain and possess both good subject content knowledge and pedagogical content knowledge consistently as a collection of practitioners. 
Once piece of research conducted by Baumert et al (2010) focused on the difference between high achieving-academic track pupils, low achieving non-academic track pupils, trainee/pre service teachers and experience/in service teachers. Teachers who were more experienced showed a greater interest in mathematics and therefore displayed greater PCK in the subject. The findings also demonstrated that students who were delegated to non-academic-track schools displayed considerable differences from their counterparts in the academia, not only in both their achievement but their sociocultural background, also. Pupils who stemmed from families with a lower socio-economic status and wealth and families who had large levels of immigration were taught by teachers who were less adequate regarding their content knowledge and pedagogical content knowledge. Pupils who were in lower attainment tracks benefitted greatly from teachers with higher levels of PCK in terms of achievement. This study has a larger focus on how a teacher’s interest in a subject can influence their levels of SCK and PCK. These higher levels of interest can have a positive impact of pupil’s learning and achievement. Perhaps this would be an area to develop in the future for trainee teachers or even individuals in higher level education i.e. developing an core interest/passion in a topic may lead to greater SCK which could further assist educators develop their PCK. The study did have limitations in terms of its length. A longitudinal study would provide a more valid base of evidence and many factors like opportunities to learn over a sustained period of time (Kleickmann, 2013, p102).. Additionally, there are differences in the educational systems of different countries. For example, the German system differs from Wales’ educational primary and secondary school system and therefore may make the research slightly less transferable.
This idea is further explored a study conducted by Hattie (2012) but with a key difference. Hattie’s research focused on 300 teachers, both ‘expert’ and ‘experienced’ (no trainees) and the class environments they were in control of. Hattie identified five key components for effective teaching:-
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Figure1. Hattie’s (2012) aspects for effective teaching.

The study displayed that both types of teachers’ classes and pupils displayed good understanding on content on the surface. However, 75% of expert teachers’ student displayed a strong, deep understanding of content whereas only 29% of experienced teachers’ pupils did. This displays how expert teachers can have a greater influence on the outcome of students and their learning and makes a strong case for the importance of subject knowledge and pedagogical content knowledge to be to the expert level. Again, there are limitations to this research. For instance, although the key areas for teaching are taken from a review of literature, the areas are somewhat subjective and open to interpretation. In addition, pupil voice as a concept can also be subjective as it depends on the view of a specific group of individuals which may differ across different countries, nations or even age ranges. 
These pieces of research relate back to the developing curriculum in Wales and justify one of the main factors to come out of the Donaldson Report (2015). Donaldson states that the success of the proposals from the report will depend heavily on “high-quality teachers with a sound understanding of the ‘why’ and ‘how’ of teaching as well as the ‘what.” This essentially outlines the importance of a deep pedagogical knowledge from all teachers in order to achieve the four purposes of the report (ambitious, capable learners; enterprising, creative contributors; healthy, confident individuals; ethical, informed citizens) and develop children in all areas of the new curriculum. Without a very deep knowledge base in all areas of the curriculum, the development and of learners potentially may not progress positively. 
An additional quandary that’s caused of much deliberation is the application of SCK and PCK to the classroom environment. 
Rowland et al (2000) sought to explore the concept by auditing trainee teachers in their mathematical knowledge and categorised them as 1 (very strong), 2 (capable) and 3 (weak). These trainees were then assessed in their effectiveness of delivering and teaching numerical lessons on their placements in each terms. Unsurprisingly, the pupils with the best scores in the audits produced the best teaching standard regarding math lessons. This indicated the potential importance further of how deep SK and PCK result in both better teaching practice and pupil performance. A further study conducted by Goulding et al (2002) again drew conclusions that there were misconceptions about mathematical processes among trainee teachers who didn’t score well on auditory tests. However, they proposed that due to the importance of PCK regarding delivering the principles of mathematics, potential trainee teachers should be given the opportunity to improve in the domains required for teaching. A better knowledge base should theoretically result in better teaching results. This can, therefore, be considered a target for initial teacher training in order to produce better quality teachers for the future and developing curriculum. 
[bookmark: _GoBack]Rowland et al (2003) went on to develop a framework known as the ‘knowledge quartet.’ This model is proposed as a tool for checking and implementing subject knowledge within one’s classroom. The four subcategories (Foundation, transformation, connection and contingency) and 18 sub categorised checkpoints (refer to Figure 4 of appendices for full model) will be used to reflect on my own practice from PTE1(part 1).  
The knowledge quartet as a reflective tool
In terms of the importance of reflecting on my own practice as a trainee teacher, the use of the knowledge quartet will be helpful in terms of checking how my own subject and pedagogical knowledge are in relation to the importance of classroom function and the curriculum reform in Wales. 
Foundation
With regards to my teaching of numeracy I felt I had a strong knowledge base for a host of reasons. I familiarised myself thoroughly with the LNF KS2 strands, skills and expectations for the Numeracy and found the appropriate levels for subjects that were going to be explored (in a lot of cases, for differentiation purposes, c=high attainment children with high ability and achievement levels required challenge as they exceeded expectations; refer to transformation and contingency sections). 
Throughout my time I delivered lessons on measure, money & making amounts of money, subtraction and finally making change. When delivering measure I focused on both non-standard and standard units to develop a basic understanding of measuring items and delivered lessons in a variety of styles to meet the needs of different learners.. Money was taught through coin recognition, calculation and practical application. I’m aware of a variety of ways to calculate amounts of money and reflected that in the planning of lessons e.g. counting values by using different aggregation and augmentation techniques for addition and column method, inverse addition, comparison, reduction and partitioning for subtraction Haylock (2014).  My personal belief is that a topic like making amounts of money needs to relate to its practical application to real life scenarios but it was important to understand that certain children had little experience using money and the concept was unclear. Pupils needed to meet the same learning objectives so understanding how to transform knowledge into connective processes required a strong initial knowledge of how to complete and teach processes. (Rowland, 2009, p 152-153). 
Another example of foundation knowledge was displayed before commencing with measure. It was imperatively important to be aware that children make mistakes with processes like using a ruler i.e. starting from the ‘0’ line and not the end of the ruler. This proved to be a useful prediction as in the first lesson where rulers were involved in measuring (using standard units; mm, cm, m), children were inconsistent with the concept and required modelling of the correct process in order to reconstruct their misconceptions. Finally, I always endeavoured to enforce the use of the correct terminology throughout lessons. This was targeted by using maths words of the week during topics (length, width, centimetre, millimetre for measure etc). These words were displayed on the board, used in lessons frequently and put into homework books.
One area where I felt my foundation knowledge was substandard was Welsh. I was aware of the framework for Welsh as a second language as well as its purpose for the new promotion for the government initiative of targeted Welsh speakers , curriculum Cymreig and the use of Welsh in the successful futures document (Donaldson, 2015; gov.Wales, 2016) . However, due to the length of time between receiving my GCSE qualification in Welsh and my teacher training, my Welsh vocabulary isn’t as expansive as it needs to be for KS2. In terms of the various processes regarding how learners learn Welsh, I was aware of several techniques but I did and still do need to familiarise myself with a wider variety of techniques for delivery. For this reason the majority of welsh lessons delivered were done within the school’s personal framework. I was aware of some common errors that pupils can make in terms of masculine and feminine sentence starters as well as spelling errors with very common words. However due to the potential for my own personal errors I don’t feel like my ability to adequately prepare for an array of errors is up to standard which could have an effect on the other aspects of the knowledge quartet in relation to my own Welsh teaching. The same applied for terminology as although it was promoted through a very frequent use of an exercise called ‘drillio’ (repetition of welsh vocabulary exercise after lunch), I don’t feel I had a deep enough knowledge base to be able to promote the language ‘cross-curricularly.’ This was noted in an observed lesson I took which has resulted in a target for myself in the next part of my teaching practice (refer to appendices, Figure 5).
Transformation
For the majority of the time spent on placement I felt as though my resourcing, preparation and knowledge of supplementary material to support learning was at a consistent level of appropriateness for all pupils. After the first week it became evident that there could be up to 6 different ability levels within a lesson. As a result, differentiation levels needed to be large and highly accurate. Tomlinson (2014) highlights the importance of how having a deep pedagogical content knowledge  and transforming it onto learning for pupils can affect their learning outcomes  and states that student learning is far more durable and purposeful when the content of what they learning has a deep meaning (results reflect in standardised, national tests). 
In terms of transforming my own subject knowledge into understandable information that could be processed by learners, I felt I achieved this through a number of ways. For example, in numeracy I made a quick realisation that the pupils in my class were fond of a variety of introductory techniques in order to engage them with a topic which was useful as pupil engagement can aid learning through immersion in challenge. Hamari (2016) displayed how this relationship between engagement and success in the face of appropriate challenge can lead to successful outcomes. In numeracy, I used a multitude of games, demonstrations, physical props and interactive activities to show various ways of learning and completing a something new whilst also endeavouring to keep tasks engaging and challenging. 
For example, in a lesson regarding money making amounts of money, I allowed children to use an interactive money shop game to not only practice coin recognition, but the aggregational addition of money amounts and itss application to real life items (pupils completed different challenges). Pupils were also welcome to figure answers out in their own head as well as refer back to whiteboard work and content to visual aid.. This task was relevant to the learning objective, learners had the opportunity to explore a variety of methods of addition through the resources provided and the success criteria was met for almost all pupils. However in stark contrast, after seeing how complex a process column subtraction was and how it had such a vast potential for pupils misconception and error, I pursued a far less active approach and displayed the process through repetition on the whiteboard at regular intervals throughout the topic. It resulted in the pupils developing a strong understanding of the process right the way through the ability range with a very large amount of pupils exceeding expectations and only a handful who still required further support. 
Additionally, further areas I felt I planned and resourced most areas I taught during the placement with science, literacy, ICT and other key curriculum areas having the same consideration as numeracy. However, in terms of the lack of foundation knowledge I had regarding Welsh, the transformative section of this model was also effected. In an incident where I selected to teach a Welsh lesson through the use of an interactive game and quiz, the game had failed to work in school and the lesson did not have a backup resource. I unfortunately had to conduct an improvisatory lesson which resulted in a lower level of learning opportunity and engagement as the representations weren’t appropriate or challenging enough meaning pupils could not extend their learning (effecting contingency).  
Connection
In terms of connection, I felt the planning of numeracy during my time reflected a good understanding of how to relate topics to each other. A necessary life skill is the ability to handle money which is also stated in the KS2 LNF. Therefore, I took the decision to draw upon previous learning around addition and couple it with the use of making amounts of money with the aforementioned techniques. However, due to the complex nature of the change aspect of money handling, it was then necessary to visit subtraction for a 2 week period before exploring the process. Pupils needed to develop different subtraction techniques in order to be able to calculate how to away amounts in both a written number format, practically with physical money and through words problems and reasoning techniques for the purpose of the national tests. It was vital to anticipate this as a jump into the change aspect could have resulted in a complete lack of understanding and jeopardised effective learning outcomes for the pupils. 
Science also displayed a solid connective route as I used a scientific inquiry model to explore waterproof materials. Week by week, pupils were introduced to relevant topics regarding material properties and types before planning an investigation, carrying out the investigation and reflecting upon it 
Contingency
Bearing regards to the contingency section of the knowledge quartet, there was a literacy lesson that I had planned where the pupils of a focus task provided me with an opportunity to allow them to leads their own learning and deviate from the original task. Pupils were originally to use a dictionary to search for meaning of words and a thesaurus for synonyms with support. However, their own knowledge exceeded my expectations and with no support at all, they decided it best to use synonyms from a list of provided adjectives and use them to describe features of famous Ancient Egyptian people and places. The lesson had far more opportunities to extend learning than originally planned with a larger opportunity for learning cross-curricularly. This allowed pupils to show me how they could take learning into their own hands and how they were motivated by more challenging work. The importance of this is highlighted by Black and William (1998) who stated that pupils with a positive attitude towards challenge are more intrinsically motivated and in turn, pursue higher achievement. It is therefore important to have the knowledge of how to develop self-efficacy in your pupils. If I had prevented them from deviating from the original plan, not only would I have stopped them from extending their learning but I would also have discouraged them from reconstructing my assessment of their capability around the literacy and humanities topics .  
Additionally there was case where a pupil in a numeracy lesson was struggling to use their fingers in an efficient manor to count number bonds. I took the action to create and make a sheet with cut outs of hands and fingers that represented the process of counting up to and taking asway from 10. The sheet provided visual cues and instructions at an appropriate reading level. This resulted in the child not only reconstructing their own ability of how to do number of bonds of 10 but also developed their thinking skills in terms of using an efficient representation of numbers up to 10. 
As previously discussed there were examples where the contingency aspect of the model broke down. The aforementioned welsh lesson where the resources failed highlighted an instance where, as an educator, I could not provide appropriate alternative explanations or examples for learning to pupils which resulted in an ineffective lesson. Rowland et al  (2015) recognised this situation as fitting with all of the three emergent categories of contingency (responding to pupils’ ideas, teacher insight & responding to the unavailability of tools) discussed in the paper. However it is indicated that experiences such as this may cause a reconstruction the teacher’s behalf and therefore provide a building block for the knowledge of this possible contingency in future planning and teaching, thus developing the knowledge quartet and my own pedagogical knowledge regarding Welsh teaching. 
Conclusive Points
The essay has highlighted some key pieces of literature regarding the importance of deep subject content knowledge, deep pedagogical content knowledge and the impact of both on good teaching practice and how it impacts learning. A key theme throughout has been how SCK influences PCK and how with a deep knowledge base, teachers can develop a multitude of techniques to deliver effective lessons for all pupils to learn to the best of their ability. Knowledge learned and acquired through experience informs planning and pedagogical thinking. The information is transformed into teachable content in a variety of methods and connected through relevant themes and the national curriculum. Challenges can reconstruct pupil’s misconceptions in all areas of learning as well as a teacher’s feedback. Teachers can also reconstruct their own knowledge bases and pedagogy as a result of experiencing challenge.
This has certainly been the case for myself in my teaching of Welsh as not only is my subject content knowledge in need of improving but my ability to deliver it in a diverse  manor is, also. This is very important with the emerging focus on promoting the welsh language through the school system and stands as an important government initiative. 
One aspect I feel needs more focus, regarding SCK and PCK in the future is how both impact learning in a variety of subject areas, especially now there has been a curriculum reform and Donaldson has proposed 6 areas of learning. Much of the research focuses on mathematics and science teaching which leaves room for exploration in other key areas. 
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Figure 2. An outline of Schulman’s ‘knowledge base’ for effective teachers (1987)
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Figure 3. A table of displaying the process of cognitively guided instruction. Applied to math problems from Carpenter et al (1996)
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Figure 4. A model/representation of the knowledge quartet (Rowland et al, 2003). 
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Figure 5. Commentary from the senior tutor of my PTE1 placement on my use of Welsh as a second language in the classroom. 
2
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