The aim of this assignment is to establish the link between teacher subject knowledge and teaching and learning in the primary school. In order to evaluate this connection, I will begin by analysing a range of literature in the form of textbooks and academic journals about subject knowledge. I will then consider my own knowledge during my first Professional Teaching Experience (PTE1) and relate this to relevant readings I have undertaken. 
In Wales, Graham Donaldson’s is changing the way teachers teach with the introduction of Successful Futures. There will be a focus on skill-based learning and on six Areas of Learning. These Areas of Learning encourage teachers to work across subject areas and they enable pupils to make choices in their learning. This developing curriculum will impact on teachers and will allow them to use their subject knowledge more creatively in order to provide exciting and engaging learning for all students (Donaldson, 2015).
My first Professional Teaching Experience took place in a large primary school in the centre of Swansea. Throughout this essay and in accordance with BERA (2018), the school, teachers and students will remain anonymous. This will ensure confidentiality and will safeguard all pupils and staff. This school has twenty classes with pupils aged between three and eleven years old. According to Estyn (2014), approximately 30% pupils are English Additional Language (EAL) and 28% of pupils have additional learning needs. During my PTE1, I was based in a year 6 class. This class had 32 pupils (16 boys and 16 girls) and was supported by a classroom teacher and a teaching assistant who worked on a 1:1 basis. Throughout this experience, I was able to plan and teach a range of topics across many Areas of Learning that I believed would engage and encourage student progress. Due to this, my assignment will consider incidents that challenged/assessed my subject knowledge and the impact it had on the students learning.

Literature Review
Teacher subject knowledge has a significant impact on student learning and achievement (Kleickmann et al, 2013; Coe et al, 2014). Coe et al (2014) implies that teachers who have a high level of subject knowledge are the most effective teachers and motivate pupils to progress in their education. This suggests that teacher subject knowledge is essential to teaching and without it pupils will not succeed in their education.
Subject knowledge has been measured using a variety of methods including multiple choice tests to basic skill tests. These tests rely on analysing teachers background and the knowledge they have attained before entering the teaching profession. However, these tests do not consider the impact of subject knowledge on student progress (Sadler et al, 2013). Shulman (1986) recognised the gap in these tests and suggested that teacher subject knowledge is more than what teachers know about the subject. It is also about the knowledge teachers have about teaching their subject to students.
This implies that teachers must understand what they are teaching and consider how students think about the contents they are learning. In addition, John Bruer (1994) states that teachers ‘should be concerned with how we teach as we traditional have been concerned with what we teach’. This statement shows the importance of understanding and developing how teachers teach as well as their subject knowledge. It identifies that teachers need to do more than research subjects, they also need to establish effective ways in which pupils can learn and progress in the classroom.
[bookmark: _GoBack]Shulman went on to categorise teachers knowledge and separated it into seven categories. Three of these categories focused on teachers subject knowledge and are known as content knowledge (CK), pedagogical content knowledge (PCK) and curriculum knowledge (Shulman, 1986 cited in Depaepe et al 2015; Rowland, T and Turner F, 2007). CK refers to teachers comprehension of the subject they are going to teach (Kleickmann et al, 2013).  This means the amount of knowledge the teacher has learnt and understood regarding the topic they are teaching. Teachers must also recognise the importance of this topic in relation to the subject they are teaching and in other areas of the curriculum. This links to the developing curriculum in Wales, where teachers will be required to have a high subject knowledge in order to create opportunities for learning to take place across the curriculum (Donaldson, 2015).

Curriculum knowledge refers to the resources and tools that teachers use in the classroom. This is the material that teachers create or use in the classroom to assist with their teaching and the pupils learning. PCK combines content and pedagogical knowledge. PCK is the way teachers explain ideas, develop understanding of subjects and recognise how these ideas are adapted to students interests and abilities. This suggests that teacher knowledge isn’t just what teachers know about their subject, it is also how teachers relay this knowledge to pupils so that is accessible for them (Shulman, 1987). Fenstermacher (1978) supports this idea and suggests that teachers must reason their teaching. Teachers must think about what they are teaching and consider why they are teaching that subject. In order for learning to develop in the classroom, teachers must develop their CK and understand their subject in depth. Teachers CK is then be adapted and shaped until students grasp it. Through the creation of the new Welsh curriculum, Donaldson has also reiterated the need for teachers to be creative in their teaching. This idea shows that the way teachers teach is as essential to pupils learning in the primary school as teacher content knowledge (Donaldson, 2015). PCK also refers to the ideas and strategies students bring with them to new learning experiences. Some of the ideas and strategies these pupils recall may be misconceptions. A teachers role is to use their knowledge of the subject to unpick these misconceptions and provide pupils with strategies that will develop their knowledge (Pollard and Bourne, 1994). This demonstrates the importance of teachers CK and PCK to research and understand the subject being taught, recognise misconceptions pupils may have and to change these misconceptions using suitable strategies.

Shulman’s categorisation of teacher knowledge has been used in studies regarding teaching and education. It has especially been influential in science and maths. One mathematical study that analysed the relationship between CK, PCK and students achievements was called the Mathematical Knowledge of Teaching (MKT). This American study conducted by Ball et al (2008) found that students mathematical understanding throughout first and third grade was greatly dependent on teachers’ knowledge. A similar conclusion about the importance of PCK and the impacts on pupils achievement in mathematics is also supported by Hill et al (2005). Hill et al found that the students understanding of mathematics developed when elementary teachers have a mathematical knowledge of teaching. Both studies identify the role of the teacher on pupils achievement. These studies conclude that without teacher subject knowledge, pupils would not progress in mathematics. Another study conducted by Kleickmann et al (2013) supports this idea. This study looked at mathematic teachers at four stages of their teaching career. This study found the CK and PCK was higher in teachers who were at the end of their initial teaching training in comparison to teachers at the beginning of their teaching training. Pupils achievement and progress was shown to be higher with teachers who had completed teacher training.  This implies that trainee teachers do not have the subject knowledge needed to ensure pupil progress and therefore must strive to improve their CK and PCK.
The idea that teacher subject knowledge has an impact on pupil learning is also implied by (Ball, 1991) who states that ‘Teachers cannot help children learn things they themselves do not understand’. This statement suggests that teachers must themselves have an indepth knowledge of their subject and curriculum before they can pass this knowledge onto their pupils. Research by Grossman (1985) supports the idea that teachers knowledge and understanding is essential to pupil progress and learning. In this study, a trainee teacher known as Colleen previously completed an English masters degree and demonstrated a high level of confidence and enthusiasm when teaching literature. However, Colleen’s understanding of English was insufficient when teaching a lesson about an aspect of grammar. Throughout this lesson, students were unable to ask questions, offer opinions or interact with the teacher. A lack of interaction in the lesson also meant no feedback was provided to the students and they were unable to progress. This research suggests that teachers must understand every aspect of the subject they teach in order to respond to pupils questions and provide feedback. Thus ensuring that students grasp the knowledge for themselves and are able to connect it to other aspects of their lives and across other subjects. Shulman (1987) suggests that teachers must adapt and react to the curriculum in order for students to understand what is being taught. The developing curriculum in Wales also shows how teachers must react to changes in their teaching and continue to develop their knowledge throughout their career. By developing this knowledge and finding creative ways to teach, pupils will be progress and become more independent with their learning inside and outside the classroom (Donaldson, 2015).
Furthermore, a paper conducted in the UK analysed PGCE student teachers pedagogical content knowledge in mathematics and related it to teaching in the classroom. This paper is called The Knowledge Quartet and it identified teachers’ current knowledge and how this knowledge can be developed. Rowland et al cited in Williams (2003) has identified four categories that allow teachers to reflect on their lessons. This idea is emphasised by Shulman (1986) as both documents emphasise the importance of subject knowledge and how it plays a part in teaching.  Shulman (1986) goes on to illustrate a distinction between content knowledge and pedagogical knowledge. However, the knowledge quartet identifies classroom situations where both content and pedagogical knowledge are used in a teaching experience (Rowland, 2017).  The Knowledge Quartet analyses the knowledge student teachers acquire through training and how this knowledge impacts on the preparation and teaching in the classroom. 
Some debate arises when discussing the importance of teacher knowledge on teaching in the primary school. Some studies have recognised that teacher subject knowledge does play a part in pupils learning however, they have also identified other attributes that promote learning. One such study/paper by Coe et al (2014) implies that students progress and achievement is a result of several of the characteristics of the student, school or teacher (Coe et al, 2014).Teachers and students personalities ……
 Hattie (2012) relates to this idea and suggests that pupils achievement is a result of teachers beliefs and commitments. It is believed that ‘teachers’ subject-matter knowledge has little effect on the quality of student outcome’. Instead, student progress is shown through teachers beliefs of how to teach subjects and their understanding of how students learn the subject they are being taught. These teachers also recognise the relationship between students prior and current knowledge and can relate topics to different areas of the curriculum. This then enables teachers to adapt and improvise their teaching throughout a lesson in order to provide students with feedback and to monitor students understanding, ensuring they are working towards the lessons success criteria. Donaldson (2015) has also recognised a range of fundamentals that contribute to good teaching in the classroom. Donaldson (2015) does not dispute the need for teachers to have a high level of subject expertise as suggested by Coe et al (2014). However, Donaldson suggests that teachers should have classroom management skills and should have the ability to motivate and encourage their pupils to learn. This implies that teachers should take responsibility of the way they teach and they should recognise the skills and techniques needed to keep pupils on task and focused in lessons. Even though, Donaldson recognises a range of features that contribute to learning and teaching in the classroom, it is suggested in Successful Futures that is up to the teachers discretion to make decisions about teaching and learning (Donaldson, 2015) 

Shulman also highlights the debate about the importance of teacher knowledge and some research has indicated that learning objective assist with student progress. Kumpas-Lenk et al (2018) found that when learning objectives were created according to the highest level of Bloom’s Taxonomy, students were more eager and engaged to achieve these outcomes. This shows that students who are challenged with learning outcomes that are at the highest level of cognitive demand are more motivated to achieve. Learning outcomes are designed to show the skills and knowledge children should develop through the lesson. However, the effectiveness of learning outcomes and their connection to teachers’ understanding of the subject still need investigating. This will impact on my teaching as it suggests that teachers’ subject knowledge may influence the creation of high-level cognitive learning objectives and therefore impact on students engagement to achieve. 
Knowledge quartet
During my PTE1 school placement, one aspect of my mathematical knowledge was inadequate. This aspect was related to negative numbers. This topic was introduced to the year 6 class and was taught over two weeks in varying subject areas, including religious education where it was used to investigate temperatures. Another area of the curriculum where my subject knowledge was unsatisfactory was during a Welsh lesson about likes and dislikes. This lesson required pupil’s prior knowledge to be used to create fact files. To reflect on these topics and others as well as my subject knowledge I will analyse them using the four stages of The Knowledge Quartet. As mentioned previously the knowledge quartet consists of four parts. These are foundation, transformation, connection and contingency (Rowland, 2017). By analysing incidents during my teacher practice using The Knowledge Quartet, I am able to recognise my own knowledge and how this can be developed in the future.
The foundation category allows me to reflect on my subject knowledge. This category relates to teachers content knowledge of specific subject areas (Livy, 2010). Prior to my placement, I spent time as a teaching assistant and taught students about negative numbers through a range of activities using counting sticks, number cards and stories. Due to this, I believed I had a good content basis and recognised an effective way of using physical and pictorial representations that would allow students to understand the topic. However, when introduced to the adding and subtracting negative numbers topic being taught in year 6, I couldn’t recall any relevant knowledge. After extensive research, I found myself able to understand calculations with negative numbers but I felt challenged when trying to establish an appropriate method to teach the students. 
Throughout my PTE1 school placement, I used a varying and developing degree of incidental Welsh in my lessons. I found that I was able to introduce incidental Welsh into the classroom throughout the day with the use of Welsh phrases. However, when asked to teach a Welsh lesson on likes and dislikes, I struggled with the pronunciation and accurate spelling of certain vocabulary. This demonstrated to myself that I had an unsatisfactory subject knowledge and I required research and support from my teacher to provide this lesson at a level that was appropriate for the students. 
Through the personal experience analysed above, I have found that content knowledge is essential to teaching. As mentioned above by Kleickmann (2013) teacher subject knowledge develops through teacher training. My personal experience on PTE1 has allowed me to develop this subject knowledge and has shown me the importance of understanding the subject yourself before teaching others about it.
Transformation refers to the transfer of teacher knowledge to the students. Livy (2010) and Rolwland et al (2003) states that transformation is ‘teachers’ knowledge in action’. This is the how ideas, examples and representations are conveyed from the teachers mind into learning pupils can understand. It is the transformation of teachers CK into PCK. Prior to teaching a mathematics about negative numbers, I found developing and creating a range of activities to engage pupils and make the new mathematical concepts accessible to students a struggle for myself. Eventually, I found two methods that allowed pupils to explore adding and subtracting negative numbers. In relation to Shulman (1986), I found that as my content knowledge grew, I was able to access a range of resources and ideas that I thought would benefit the students. Through creation of a PowerPoint, I was able to change my content knowledge into examples and methods that pupils could grasp and apply to their maths problems. This was shown using two methods, ‘sandcastles and holes’ (APPENDICES) and number lines to figure out calculations using negative numbers. I explained the steps involved in both these methods and the pictures on the PowerPoint allowed pupils to recognise that sandcastles represented positive numbers and holes represented negative numbers. These images enabled pupils to connect this abstract topic to a real-life situation. Pupils were then given examples to complete as pairs that progressively developed in difficulty (from one calculations to two digit calculations) and pupils were asked to record their method. This was to ensure that pupils confidence in the method was established before pupils began working independently. Pupils were given the choice of which level of work to complete and which method they chose to use.  Donaldson (2015) proposes that pupils have choice throughout their learning. Students are then able to engage with their learning. Through my experience, pupils achieved the same outcome but choice allowed them to reach this outcome using a method they felt confident and enthusiastic using. 

The connection category refers to the bringing together of ideas, planning and teaching across a lesson or multiple lessons (Rowland, 2003). Teaching negative numbers has allowed me to form multiple connections. The first connection was between the ‘sandcastle and holes’ method and the number line method. Both methods were valid and resulted in pupils achieving the same answer. The methods required pupils to identify negative and positive numbers, understand if the question was an addition or subtraction calculation and to draw a pictorial representation.  The second connection occurred through my planning and teaching of a religious education lesson investigating temperatures in Jerusalem and Yakutsk. This lesson involved negative numbers and students had to recall the methods they had used in a prior maths lesson. These methods were the ‘sandcastle and holes’ method and number lines (as previously mentioned). As an introduction, pupils were asked to work in pairs and answer a range of questions demonstrating both methods accurately on the whiteboard. This recap allowed pupils to access their prior knowledge and then use it to develop their understanding of an activity in a different Area of Learning. 
During my PTE1, my subject knowledge was challenged while bringing together a range of ideas through multiple literacy lessons. These lessons analysed the main features of autobiographical writing before being connected to produce an autobiography in the role of a celebrity. During these lessons, pupils continually built upon prior knowledge and considered short paragraphs, chronological orders, past tense and writing in first person. After a significant amount of research, I felt confident in my ability to plan, understand and explain each of these features to the pupils using examples and games that would motivate them and encourage them to learn. (CHARACTERISTICS IMPORTANT TO TEACHERS). However, during the autobiographical writing lesson, pupils asked multiple questions about relevant features and how they can be used in their writing. This indicated that pupils struggled to connect ideas across lessons and that my PCK was not effective. Pupils prior knowledge 
The use of numeracy and literacy in other Areas of Learning is part of Donaldson’s ‘cross-curriculum responsibilities’ (Donaldson, 2015) that will be expected of all teachers when the new Welsh curriculum is enrolled. Graham Donaldson believes that teachers will have to work creatively and will be required to use their knowledge from different Areas of Learning in order for students to make connections across their learning. This will allow pupils to develop their numeracy skills in varying contexts which will essential in the students lives/work/independent living (Donaldson, 2015). The change in way teachers teach is also recognised by Shulman (1987) who identified that teachers must adapt the curriculum so that is accessible for pupils. Hattie (2012), as mentioned above, also supports the idea that effective learning in the primary school is the result of teacher subject knowledge being assessible across the curriculum. Hattie believes that teachers should relate topics to a variety of subjects.
Contingency
The final category of the knowledge quartet is contingency. This is related to the events in the classroom that require teachers to ‘think on their feet’. These events require teachers to respond to children’s ideas and questions that were not originally planned for (Rowland et al, 2007). During a Welsh lesson on my PTE1 placement, the students were given a matching activity to complete in pairs. This activity was a question and answer activity and was related to themselves. While completing this activity, students began to ask questions about their hair (gwallt) and eyes (llygaid) and the meaning of these Welsh terms. This promoted me to pause the lesson and ask the class about these terms. On the board, I drew a picture of a face and asked pupils to identify facial features, including eyes, nose, hair, lips, head and lips. As a class we then created a word bank on the board that allowed pupils to describe their features. This resulted in the pupils subject knowledge developing and it encouraged them to use a wider range of vocabulary to describe themselves. Therefore the students were able to use this knowledge in this Welsh lessons and the ones that followed. As a result of this experience, I recognise the importance of understanding the students prior knowledge in order to build upon it through planning of new lessons.
While teaching a lesson about the comparisons between Judaism and Christianity, I was questioned by pupils about specific areas of Judaism that I had a lack of knowledge about. During this lesson, students were asked to create spider diagrams about Judaism and Christianity based on their prior knowledge and then to research and add to these diagrams. As this task progressed, pupils began to question me about Jewish festivals. Prior to this lesson, I had researched Judaism but did not focus on festivals. This meant that I was unable to answer these students questions and I avoided answering the question due to my insufficient subject knowledge. Avoidance of this question demonstrated to the class that my subject knowledge was low and suggested to the students that I was not interested in their ideas. 
From my PTE1 experience, I recognise the importance of both subject knowledge and content knowledge and how both these aspects can impact on teaching in the primary school. My experience has shown me that a lack of subject knowledge results in pupils who cannot progress, understand or feel confident to question what they are being taught. To overcome this, teacher’s should recognise areas of their subject knowledge that needs refining and develop these areas. This will ensure pupils gain a sufficient level of knowledge from their teachers and feel confident to challenge their teachers knowledge further. – pupils feel confident to question teacher as they realise that teacher will be able to develop their questions and provide the answer they require. 
Conclusion
Throughout this essay, teacher subject knowledge has been identified as an essential part of pupil progress and learning in the primary school (Sulman, 1987; REF). Teachers developing a high content knowledge and pedagogical knowledge enables them to effectively pass on knowledge about a topic in a way that pupils can grasp and understand it. The curriculum in Wales encourages teachers to have a high level of subject knowledge. Donaldson (2015) suggests that teachers should use their knowledge from across the curriculum when planning and working with pupils in primary schools. However, Hattie (2012) believes that subject knowledge is not the only reason students progress.I suggests that students prior knowledge and their characteristics have an impact on how they learn in the classroom. Through my own experiences, I understand the importance of teacher subject knowledge and will continue to develop my knowledge by researching and challenging my own ideas. The incidents undertaken on PTE1 and the questions students asked has also shown me the importance of recognising/understanding students prior knowledge before planning future lessons. This will ensure that any future lessons will be suitable and accessible to all pupils. 




