A critical analysis of the relationship between teacher subject knowledge and effective learning and teaching in the primary school.
Introduction
	What is great teaching? According to Turner (2001, p.10) there is a notable difference between ‘good teaching’, ‘effective teaching’, ‘creative teachers’, ‘veteran teachers’ and ‘even not good enough teachers’. According to Coe et el (2014, p.2) effective teaching is often defined as teaching that leads to ‘improved student achievement’. This has long been up for debate as many would argue that other factors ascertain what ‘great’ teaching is. Teachers constantly endeavour to improve upon their practice within the classroom, in order to provide the best learning environment for their pupils. These areas of improvement can take a variety of forms and what is considered ‘good practice’ is fairly ambiguous within this profession. Rowland and Ruthven (2011, p.2) quoted Kelly (1995) in saying ‘knowledge is the very stuff of education; it is impossible to conceive of, or to plan any education activity without recognising the central role that some knowledge-based transaction must play in it’. This assignment will focus on one particular element that is ‘teacher subject knowledge’ and its relationship with ‘effective learning and teaching in the primary school’. It will take into account both literature that is available on this subject and my own personal experiences when I have been on my teaching practice. My initial teaching practice was carried out in a small primary school in South Wales, on the outskirts of Wales’ second largest city, Swansea. This primary school has approximately 240 pupils between the ages of three and eleven. Just under half of the school’s pupils speak English as an additional language and 15 different languages are spoken by the school’s pupils. Throughout this assignment, when relevant, I will be referring to this school as school X and will be ensuring that the identities of the pupils are kept confidential in line with the BERA (2010) guidelines. 

A consideration of the literature
	As previously stated, this assignment will be focusing on the importance of the subject knowledge of teachers and the affect it has on their pupils learning. Do other factors play a more important role in effective teaching than subject knowledge alone? I will take into consideration these other factors that may have an impact on one’s learning. As quoted by Rodrigues (2005, p.57), Harlen (1999) stated that ‘where teacher subject knowledge is weak, confidence levels to teach that subject are low, leading to restricted classroom practices’. A study by Harlen and James (1997) also lead them to state that teachers cannot expect children to engage in activities unless they are familiar with the concept of what they are teaching themselves. However, Cotton (2012) pondered as to why it is that some children struggle to learn when others don’t, suggesting that not so much emphasis is to be placed on the teacher. He considered ‘is it their learning styles; is it right or left brain strengths or defects; is it lack of attention; is it their refusal to take their medication; is it their lack of motivation; is it their parents not being supportive; is it because they do not do their work, and so on’. These quotes and pieces of research support the idea that subject knowledge does indeed have an impact on effective learning. However, this assignment will consider further research that both critiques and supports this. 
	Firstly, I will touch upon the current and developing curriculum in Wales today. This is something that is of great discussion within schools at present, in which lots of changes are occurring. It is important for all teachers to be aware and familiar with the national curriculum and what is required from them, as teachers, in order for the children’s learning to be optimal. At present, we are at a time where the new curriculum is being put in place and established. Lewis (2017, p.1) states that it is due to be fully implemented in 2022 and rolled out gradually in order to ensure it is gently introduced across schools in Wales. According to the Welsh Government (2018, p.1) this will include three ‘cross curricular responsibilities’ which consist of literacy, numeracy and digital competency. As stated by the Welsh Government (2017, p.1), this framework is designed to allow teachers more freedom when teaching within the classroom. They will be encouraged to teach in a way which ‘they feel will have the best outcome for learners’. Graham Donaldson is behind many of the central ideas of the new Welsh Curriculum and he introduced ‘four key purposes’ that should be taken into consideration within schools in Wales. These purposes are designed to ensure that children become ‘ambitious capable leaners, ready to learn throughout their lives’, ‘enterprising, creative contributors, ready to play a full part in life and work’, ‘ethical informed citizens of Wales and the world’ and ‘healthy confident individuals, ready to lead fulfilling lives as valued members of society’. Donaldson also introduced ‘six areas of learning and experience’ which include ‘expressive arts, health and wellbeing, humanities, languages, literacy and communication, mathematics and numeracy, science and technology’. A key question asked by many is ‘why is it changing?’. According to the Welsh Government (2017, p.1) the change came about when it was recognised that ‘young people need to be adaptable to change’ and teachers need to be given more flexibility when it comes to teaching. The ever changing curriculum does not change everything, it means that teachers have to have more up-to-date knowledge and understanding, particularly when it comes to digital competency. Without their own understanding of subjects such as these, it would be near impossible for teachers to be able to help children learn and develop in these areas.  
It is widely recognised that teacher subject knowledge can have an impact on their students learning. However, is it just what teachers know that makes them good at teaching, or are there others aspects that should be considered when discussing this? There are different ways in which teacher subject knowledge can be distinguished and categorised. According to Carden (2018, p.10) Shulman (1987) was one of the first educational psychologists to investigate how teacher subject knowledge could be organised and categorised. He was very influential in this area and key when discussing the relationship between subject knowledge and effective teaching. Although his work is some of the older work on this subject, it is still highly relevant today. According to Shulman (1987, p.7) teacher understanding is the core of education, including their knowledge of what they are teaching and how they are going to teach it. Within his text ‘Knowledge and Teaching: Foundations of the New Reform’, Shulman (1987, p.6) discussed a piece of research evidence that suggested that ‘students achieved more when the teacher explicitly informed them of the lessons objectives’. This is a clear indication that should a teacher not know to do this, they could in turn hinder their pupils’ ability to learn. 
According to Ohle (2010, p.24) due to the complexity of teaching, Shulman (1987) distinguished between different types of knowledge by creating a ‘classification system of seven types of teacher knowledge’.  This system continues to have an influence on teaching today. Shulman (1987) described these as ‘categories of the knowledge base’. The seven categories are as follows; ‘knowledge of educational ends, knowledge of education contexts in classrooms, knowledge of learners and their characteristics, curriculum knowledge, general pedagogical knowledge, content knowledge and pedagogical content knowledge’ (Ohle, 2010, p.24). Shulman (1987, p.8) believed that these seven domains would be the minimum of what is required in order to be a successful teacher. Ohle (2010, p.24) states that the latter three domains place more emphasis on ‘content’ and are believed to ‘determine the teachers’ performance in the classroom’. However, in contrast to this, as stated by Shing et al (2015, p.49), Grossman (1900) argued that it was important that a teacher to has only four key ‘knowledge bases’ which include ‘pedagogy, PCK, school contexts and subject matter’. This is similar to the ideas of Shulman (1987). 
 A lot of Shulman’s (1987, p.8) work places emphasis on content knowledge (CK) and pedagogical content knowledge (PCK). These two domains are used when considering teacher ability and pupil outcome and therefore it is important to understand the difference between CK and PCK. As explained by Coe et al (2013, p.91), CK refers to the teacher’s knowledge of a subject. CK must be in place before any further teaching can occur. The teacher must be able to understand what they are teaching and why what they are teaching is the way it is. For example, if they are teaching Mathematics, teachers must know and understand the concepts to a sufficient level. Naturally, teachers CK varies and this can possibly in turn have an effect on pupil outcome. 
According to Shing et al (2015, p.49) Shulman (1987) first introduced the idea of PCK was due to the fact that teaching is often viewed as a ‘non-professional career’. PCK is described to be a combination of both ‘general pedagogical strategies and the knowledge about the specific content of a subject’ and refers to when CK is transformed in such a way that it can be used within the classroom effectively. It focuses on the teacher’s ability to make their knowledge of subject accessible to their pupils (Shulman, 1987). According to Olszewski (2010, p.14) PCK also includes being able to understand the level of difficulty of a task. It also takes into consideration the backgrounds of the pupils and their varying ages. As previously stated, CK must be in place in order for PCK to occur. 
According to Shing et el (2015, p.49) it has been discussed in depth how teachers continue to develop their PCK as they progress from student teachers to full time qualified teachers. According to Bruer (1994, p.279) Shulman (1987) obviously took some time to consider what an outstanding teacher was and that is how his ideas came about. He made reference to a veteran teacher known as Nancy. Nancy was 25 years of age and she was an English teacher. Accordingly, to Bruer (1994, p.279) Shulman (1987) described Nancy’s performance in the classroom as follows; ‘She was like a symphony conductor, posing questions, probing for alternative views, drawing out the shy while tempering the boisterous. Here combination of subject-matter understanding and pedagogical skill was quite dazzling’. It was interesting that Shulman chose to compare Nancy to an orchestra conductor. This shows that Nancy had full involvement in the teaching and learning process and she processed more than knowledge alone. Shulman (1987) took time to consider people he had encountered himself during his life to support his ideas and arguments. 
The above ideas and concepts put forward by Shulman (1987, p.6) place a large amount of emphasis on the ‘knowledge base for teaching’. However, it is key to recognise that he argues that there are more components that play a part in teaching than just knowledge alone (Shulman, 1987, p.6). However, Shulman’s ideas have been questioned in the past. It is argued as to whether the PCK is a useful construct when discussing the relationship between teacher subject knowledge and effective learning. According to Shing et al (2015, p.51), Abell (2008) who was a science teacher herself, the PCK does indeed remain useful as ‘it helps her to understand teaching processes and generate viable instructional strategies in her method courses’. According to Loo (2008, p.4), Shulman (1987’s) ideas have been queried and the seven knowledge types that he presented may have required ‘expansion’. It was thought that both ‘curriculum knowledge’ and ‘pedagogical content knowledge’ were not defined clearly enough. It is also thought that treating content knowledge as a ‘starting point’ meant that new teachers weren’t taken into account as they may already have content knowledge in place already from past experiences. Sockett (1987, p.208) questioned whether Shulman (1987) was right in his way of thinking regarding CK and PCK. Sockett (1987, p.208) believed that Shulman (1987) did not pay enough attention ‘to context, as opposed to content’. It is thought that whilst he took into consideration the knowledge of the teacher, he did not take into account the scenario in which this was carried out which weakens his ideas. It is claimed that these criticism of Shulmans ideas are due to the fact that his ideas are largely ‘assessment-driven’ and are placing too much emphasis on outcome (Sockett, 1987, p.208). 
http://www.hepgjournals.org/doi/abs/10.17763/haer.57.2.n026767181833w77?journalCode=haer
According to Donaldson et al (2012, p.38) ‘The Knowledge Quartet’ is a tool used ‘for analysing teacher knowledge’ created by Rowland et al (2005). According to Rowland and Ruthven (2011, p.18) this framework came about in response to a study of the ‘mathematical content knowledge’ of PGCE primary school teachers in both England and Wales and by observing video tapes of their mathematics lessons. It aimed to investigate ‘the relationship between pre-service teachers’ subject matter knowledge (SMK) and pedagogical content knowledge (PCK) of mathematics’. These were the concepts originally introduced by Shulman (1987). Carden (2018, p.10) stated that this study investigated ‘the knowledge needed to teach mathematics’ and organised this into four separate categories; foundation, transformation, contingency and connection. This is what then became known as ‘The Knowledge Quartet’. This is a framework used to understand how ‘subject knowledge’ is used within the classroom and is used as a ‘tool’ to understand this. As stated by Rowland and Ruthven (2011, p.18) the ‘Foundation’ category represents the teacher’s beliefs about the subject and their ‘knowledge and understanding of mathematics pedagogy’. The second category, ‘Transformation’, represents the way in which a teacher uses ‘representations and examples’ throughout their lessons and within their planning. ‘Contingency’ accounts for a teacher’s ability to respond to things that happen in the classroom that cannot be planned for or predetermined. An example used by Rowland and Ruthven (2011, p.18) was ‘to respond appropriately to student’s wrong answers’. Finally, the forth domain of the knowledge quartet is ‘Connection’. This refers to the teacher’s ability to link their knowledge to other lessons and other aspects of the lesson being taught. This is an interesting model as it takes into account different aspects of knowledge that need to be in place in order to secure student outcome, rather than using ‘knowledge’ as an umbrella term. 
To conclude this section, as quoted by Guerriero (2017, p.7) ‘it is clear that content knowledge alone is insufficient’. This have been supported by the key ideas of both Shulman (1987) and ‘The Knowledge Quartet’ created by Rowland et al (2005). Further evidence such as the findings of a study conducted by Baumert et al (2010) whereby they directly studied the link between PCK and the achievement of students found that ‘when teacher’s content knowledge is controlled, higher levels of knowledge do not predict better student scores’. This in turn suggests that student scores must be affected by other factors.  (Guerriero, 2017, p.7). As explained in Guerriero (2017, p.10) a study conducted in 2005 by Hill, Rowan and Ball found a relationship between teachers Mathematics subject knowledge and student achievement. The researchers took into account how many ‘mathematic methods courses’ were taken and ‘whether teachers were certified’. It was found that there was no relationship between this and ‘student achievement gains’. This supports the idea that there are other factors that lead to successful student outcomes than the teacher just being knowledgeable and well trained. However, according to Rodrigues (2005, p.58), Askew et al (1997) ‘found no relationship between teachers’ level of subject qualification and student progress in mathematics’. 
Others disagree with the idea that other factors can effect student achievement, and believe that subject knowledge is indeed key to successful teaching. According to the National Research Council (2000, p.44), Good et al (1975) found that student outcome was ‘systematically related’ to the behaviour of teachers within the classroom. Another piece of research reported by the National Research Council (2000) was a study conducted by Haselkorn and Harris (1998) which found that approximately nine out of ten Americans consider the most successful way to improve student outcome is to have a qualified teacher in all classes. Other well-known education psychologists have also supported this emphasis on knowledge alone being a key factor in relation to student achievement. For example, PIAGET. 
https://read.oecd-ilibrary.org/education/pedagogical-knowledge-and-the-changing-nature-of-the-teaching-profession/teachers-pedagogical-knowledge-what-it-is-and-how-it-functions_9789264270695-6-en#page10

Analysis and evaluation of your subject knowledge for primary teaching
	When I was on my own professional teaching practice for the first part of my PGCE course I was able to experience first-hand the impact that a lack of teacher subject knowledge can have on the learning process of the children in my year six class. This is also one of the things that we are assessed on when we are observed by our university tutors and class mentors. This again highlights that this must be considered an important aspect to be confident at in order to be a professional qualified teacher. When I first started training to be a teacher, one of the first things that I realised was that there is more to teaching than just knowledge alone. 
	Initially, when I was placed at the top of the school for my first teaching practice, I felt nervous due to the fact the children in this class are between the ages of ten and eleven, about to head into comprehensive school and are therefore likely to have more subject knowledge then I if I was placed in, for example, reception or year one. During my six week in this class, I was able to cover a wide variety of subjects. For example, I taught numeracy, literacy, welsh, physical education and science. Naturally, some subjects required me to have a broader range of subject knowledge, and even had to remind myself of some facts and concepts myself. I knew that this was essential if I was to be successful in carrying out a lesson whereby the children learn effectively. 
	One key experience that came to mind was when I was teaching ‘dissolving’ for a science lesson. The lesson entailed a small practical whereby the children would have to see whether certain materials would dissolve in water. The materials included salt, sugar, flour, wax, gravy granules and sand. I chose these materials to ensure that there was a mixture of materials that would dissolve and not dissolve. Please see Figure 1 for a completed copy of a completed worksheet by one of my year six students This was an enjoyable and fun lesson to teach, and I ensured that I had sufficient subject knowledge before carrying out the task. However, I was thrown by one of the children claiming that ‘a material has only dissolved if the liquid is clear. Isn’t that right Miss?’ My initial reaction was that things can still dissolve even if they do not run clear. For example, gravy granules dissolve but do not create a clear solution. In previous lessons, the children had listened to a song whereby it stated that dissolving has occurred once the water is clear. Although I was confidence with my original thinking, I began to question myself due to the nature of the child’s statement. This particular scenario links in with Rowland et al’s (2005) Knowledge Quartet framework. To recap, this framework consists of four aspects ‘foundation, transformation, contingency and connection’ (Carden, 2018, p.10). This incident particularly reminds me of the ‘contingency’ aspect of the knowledge quartet. As previously stated this refers to the teacher’s ability to deal with unplanned situations within the classroom (Rowland and Ruthven, 2011, p.18). In this situation, I wasn’t fully prepared to answer this child’s question, and had I been more confident in this subject area, I would have been able to respond to this child’s statements and queries with ease. In this instance, it was not that I didn’t have the subject knowledge, but I did not meet the criteria of the four domains introduced in the Knowledge Quartet and therefore this impacted my teaching standard. 
	Mathematics has always been a subject that I lack confidence in and the idea of teaching this subject to a group of year six pupils was quite nerve-wracking to me. A large amount of the Mathematics that I taught was on the subject of co-ordinates. This was an enjoyable topic to teach and could be carried out in a fun way to engage the learners. See Figure 2 for a lesson plan used to carry out a Mathematics co-ordinates lesson. I did not find the prospect of teaching co-ordinates particularly daunting as this is fairly simple and I assumed that this would go smoothly. However, this had the opposite of the desired effect when it came to teaching it. However, I was able to learn a lot from the experience. The first lesson that I introduced the subject of co-ordinates I rushed the teaching of this subject and I moved to quickly for the children. Upon reflection of this lesson, it appears that due to my increased subject knowledge a, I rushed the topic and made it inaccessible to the children as I thought they would be able to grasp it quickly. In the following lessons teaching co-ordinates to the class, I taught it at a much slower pace so that the children we able to fully understand what I was teaching them. I found it hard to help the children who were struggling and teach it in a way for them to grasp it fully. This experience in Mathematics was particularly interesting, because despite thinking that this would be a fairly ‘simple’ topic to teach in which I had optimal subject knowledge, the reality was quite different. This suggests to me, that my subject knowledge did not particularly increase pupil outcome and in some ways hindered my ability to teach it. Had I had skills in other areas, I would have realised that more focus should have been placed on how it was taught to the children. This links back to the work of Shulman (1987). It appears here that my CK was in place but my PCK was lacking and therefore the overall student outcome was not what was expected it to be. Linking back to the Knowledge Quartet further, it appears that although I had the ‘foundation’ and ‘connection’ domains in place when teaching co-ordinates, I lacked the ‘contingency’ and ‘transformation’ which means that student achievement was not at its best. In these cases, I can see why the Knowledge Quartet is a useful model to use when discussing the relationship between teacher subject knowledge and student achievement. 
I was complemented by my mentor on my ability to deliver a lesson for literacy on persuasive writing for one of my literacy lessons. This was positive to hear, but it lead me to question? With this being said, was my lesson perfect. As a trainee teacher, I know this lesson wasn’t perfect and therefore this lead me to realise that although my content knowledge was at a ‘good’ level when assessed, this by no means made my lesson ‘excellent’. Therefore, this in turn suggests that there are many other things to take into account. For example, was the lesson delivered effectively? Did the children understand? Did the children enjoy the work? Was the class managed appropriately? These are all things that teachers need to take into consideration in order to ensure that their students are learning effectively. As previously stated Shulman (1987) was able to identify seven different features of a knowledge base which highlights that knowledge takes several different forms (Ohle, 2010). 
However, one or two of my experiences when I was on placement made query the need for such a large amount of emphasis on the pedagogy of teaching in much of the literature. The welsh language is an important part of the Welsh curriculum. According to the Welsh Government (2016) a proposal has been put in place with the aim of their being one million Welsh Speakers by 2050. An important place to start in order to achieve this aim is within primary schools in Wales. I have been aiming to use Welsh more and more within the classroom since I have been on placement. I was pleased to see children using Welsh more as a result of me using it within the classroom. For example, I found that simple words such as ‘diolch’ were being used more. This wasn’t particularly a result of me ‘teaching’ Welsh, but more of a natural result of me using it in and around the class. In circumstances like this, it indicates that as long as the content knowledge is in place so that Welsh can be used naturally by the teacher, children will naturally pick up on it and as a result use it themselves despite it not necessarily being explicitly ‘taught’ to the class as a whole. This experience goes against the findings of Shulman (1987) who places emphasis on the need for things to be taught in a certain way in order for children to learn effectively.
	I was able to learn a lot on my first teaching practice and discover what makes for effective teaching. I was able to see first-hand, especially due to being in year six, the importance of having a wide variety of background knowledge when teaching a subject. However, I also what able to note the importance of being able to deliver the material in such a way that the children can fully understand. Teaching Mathematics in particular was an interesting experience to me, and I can see why Shulman is particularly influential in this area which his emphasis on combing both CK and PCK in order to be able to teach effectively. 
Conclusion
	To conclude, I believe that there is more to ‘great’ teaching and effective learning than simply having the knowledge required to teach. Although this is an important factor and will have at least some impact on overall student outcomes, I think that it is highly important to consider the other possible factors that make for improved student outcomes. I believe that Shulman (1987) presented some interesting ideas, particularly when going into detail regarding the CK and PCK. This clearly highlights that there is more to effective teaching than just content knowledge alone and the delivery of a lesson is key. From my own experiences within a year six class, I have noted that of course it is important to have background content knowledge in order for a lesson to be effective. However, I believe it is equally important to ensure that the delivery of the lesson is carried out in a fun and interesting way in order to engage the children. I note that often my mentor would emphasise how I should make lessons as ‘fun’ and ‘engaging’ as possible. This is a huge factor when planning lessons to take into consideration. With regards to the Knowledge Quartet, I believe that the ‘contingency’ domain is of particular importance. Children have such enquiring minds, that being as prepared as possible for unexpected questions is key to keeping the class interested.  
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