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Title: A critical analysis of the relationship between teacher subject knowledge and effective learning and teaching in the primary school.
Introduction
 “The process of learning is complex and unpredictable and no one fully understands what is consists of or how it takes place” (Hayes, 2012: 178). One facet of this process is the concept of teacher subject knowledge and effective learning and teaching which will be explored below. Section One will be a literature review highlighting that subject knowledge is more than simply knowing content but encompasses pedagogical content knowledge identified by Shulman (1987). It will discuss more recent literature within the subject knowledge debate, with the knowledge quartet (Rowland, Huckstep & Thwaites, 2003) a key reading within this discussion. Section Two will reflect my subject knowledge whilst on my PTE experience. It will look at pedagogical knowledge and how subject knowledge may be applied within the primary classroom setting. This took place in Welsh primary school in Swansea within a Year 5 class. This school is in a less affluent area within Swansea, with just over 1/3 of pupils eligible for free school meals. The class had a range of abilities within the class, with maths and spelling being split into ability within these areas. 
Section One:
Historically, the job of teaching was to present the subject content to children. Once children were exposed to the content, it was down to the them to what extent they learnt (Anderson, 2012). Due to the individual differences of learners within the classroom, Bloom (1968) reflects that when exposed to the content, a third of children will learn the content well, a third will learn enough to get by and a third will learn very little, if anything at all. Thus, education was based on children being able to comprehend subject matter; those who understood may have been referred to as the ‘more able’ at the top-end of a continuum and those who misunderstood or struggled may have been classified as ‘slow learners’ at the bottom-end (Hayes, 2012). Within this perspective, there seemed to be a sense that teacher understanding of subject knowledge was important so that they could simply present the fact or concept to the children rather than the process of teaching (Anderson, 2012). However, it reflects that specific subject knowledge alone could not facilitate effective teaching and learning. Wayne & Young (2003) contributes to this discussion, whose research in teachers’ professional knowledge (represented by their educational background) found low correlations in student achievement. This would suggest that teaching goes beyond just simply knowing the subject knowledge. 
Concern over the teacher subject knowledge and pupil linked achievement led Shulman (1987) to identify a gap within the literature (Fung et al, 2017). Shulman (1987) differentiated and developed terminology amongst subject matter knowledge (SMK), pedagogical content knowledge (PCK), curriculum knowledge (CK) and five other aspects of teacher knowledge. In this respect, Shulman (1986) brought to fruition content knowledge, which may be defined as “the amount and organisation of knowledge per se in the mind of the teacher” (Shulman, 1986: 9) and the pedagogical content knowledge which goes beyond the subject of teaching but refers to the “subject knowledge for teaching” (Shulman, 1986: 9). He expanded on the idea of content knowledge by viewing teaching beginning “with a teacher’s understanding of what is to be learned and how it is to be taught” (Shulman, 1987: 7). Pedagogical content knowledge became of special interest because it disseminates knowledge for teaching. Loewenberg-Ball, Thames & Phelps (2008) suggest that Shulman (1986) bridged the gap that was apparent between content knowledge and the practice of teaching. 
The shift of emphasis that transpired was subject matter was little more than context (Loewenberg-Ball, Thames & Phelps, 2008); Shulman (1986) argued that knowing a subject requires more than simply knowing its facts and concepts. This reflection is advocated by Loewenberg-Ball, Thames & Phelps (2008) who builds on Shulman’s (1987) work by developing domains within content knowledge that recognises knowledge unique to teaching (specialized content knowledge), knowing about students and anticipating problems that may arise (knowledge of content and students (KCS) and the combination of knowing about teaching and knowing about the subject (Knowledge of content and teaching). These intertwined levels are all necessary in the content knowledge debate in recognising that teacher subject knowledge is a key component in effective learning and teaching. 
Park & Oliver (2008: 262) reflect that pedagogical content knowledge is the knowledge used to transform subject matter content into forms that may more comprehensible to students. This shift in teacher understanding “from being able to comprehend subject matter for themselves, to becoming able to elucidate subject matter in new ways, reorganize and partition it…” within lesson so that it can be “… grasped by students” (Shulman, 1987: 13). Taking a constructivist approach to learning, a teacher has a vital role in scaffolding knowledge where interactions between the learner and teacher will lead to higher levels of sustained thinking. Learning is initiated by the teacher, who will have subject knowledge of the content for lesson in order to scaffold learning for the children (Bartlett & Burton, 2012). This idea developed by Vygotsky’s zone of proximal development which postulates that learners will be able to learn more with the support of a more experienced expert in the field (Grigg, 2015). This suggests that teachers must have subject knowledge of the area that they are teaching in order to effectively scaffold and ‘co-construct’ children’s learning. Research such as Gess-Newsome et al (2016) suggests academic content knowledge (ACK) has an association with student achievement. However, they noted that pedagogical content knowledge (PCK) had a significant relationship to teacher practice. Evidently, this research suggests that teachers therefore need to know the subject knowledge they are teaching, but equally, they need to know how to teach it. Coe, Aloisi, Higgins & Major, (2014) reflect this notion categorising their first component of great teaching (pedagogical) content knowledge. 
The knowledge quartet (Rowland, Huckstep & Thwaites, 2003) develops concepts comparable to Shulman’s (1986/1987) ideas which have built and expanded on by numerous scholars. Ellis (2009) eludes to the fact subject knowledge was a prerequisite for teachers to be able to teach effectively in schools, and this knowledge came from trainees getting taught the ‘content’. The idea is represented within the first dimension of the knowledge quartet referred to as ‘foundation’ which consists of trainees’ knowledge, beliefs and understandings that are acquired on the training courses in preparation for their role in the classroom (Rowland, Huckstep & Thwaites, 2003). There is a general consensus that understanding of content matters for teaching (Loewenberg-Ball, Thames & Phelps, 2008). Goulding, Rowland & Barber (2002) highlight initial teacher training has emphasised trainee teachers’ of the core subjects as a way to promote teacher subject knowledge in these areas of learning. However, with research primarily coming through the domain of mathematics the effectiveness remains inclusive and somewhat limited (Tatto & Senk, 2011). 
The ‘foundation’ dimension of the knowledge quartet builds subject knowledge; such knowledge and beliefs inform pedagogical choices and strategies in a fundamental way (Rowland, Huckstep & Thwaites, 2003: 97). These theoretical foundations brought to fruition by the content knowledge and understanding has changed the teaching and learning within the classroom. This concept is recognised within document curriculums namely Successful Futures; Donaldson (2015) recognises experiential learning as a new approach to teaching which builds on the teacher knowledge of a subject to make it more relevant to the ‘real world’ having more practical applications outside the classroom. Having this prior knowledge will enhance opportunities when it comes to teachers implementing the curriculum within the primary school setting.
Of particular pertinence to Shulman’s research are the remaining dimensions of the knowledge quartet. The second dimension of the knowledge quartet ‘transformation’ is in the planning and teaching itself. This level of the quartet acknowledges Shulman’s (1987: 15) knowledge base for teaching suggesting it is distinguished by “ … the capacity of a teacher to transform the content knowledge he or she possesses into forms that are pedagogically powerful”. The underlying capacity of teachers to present ideas to learners so that it may be accessible to their understanding develops on the content knowledge of the teacher and as Shulman (1986:9) posits to re-represent the knowledge in various forms including analogies, illustrations, examples, explanations and demonstrations. In so doing, it takes a more child led approach to learning with teachers at the forefront providing the basis for this exploration of subject knowledge. Thus, value on teachers has moved away from the working principles of teaching where “general teaching principles is distorted into prescription, when maxim becomes mandate” (Shulman, 1987: 11). 
There is a shift into the quality of the learning opportunities created by teachers’ affects student’s learning and motivation (Kleickmann et al, 2013). Fung et al (2017) found pedagogic efficacy to more strongly associated with pupil achievement than primary school teachers’ mathematical subject knowledge. This does not mean that teacher subject was not important, but it suggests that the way that teachers understand how to present subject content may be regarded as pivotal to student’s understanding and learning in the primary setting. Shulman (1987: 9) denotes that the teachers’ vision of what constitutes good education when provided with appropriate opportunities and stimulation in the classroom is important.  
The third dimension of the knowledge quartet is ‘connection’ which develops the idea of the curriculum into context having content so that it may build on prior learning and may take place over a period of time (Rowland, Huckstep & Thwaites, 2003) moving away from rote learning (Hayes, 2012). Teacher knowledge is important because they determine how the written curriculum becomes the enacted curriculum (Porter, 2006). Within Successful Futures, Donaldson (2015: 39) emphasises three cross curriculum responsibilities for literacy, numeracy and digital competence are essential to be able to participate successfully and confidently in the modern world. The Literacy and Numeracy Framework (LNF) has already been developed within the Welsh Curriculum to include in lessons so that children have frequent opportunities to develop and extend competencies. The new areas of learning that should be embedded with these cross curriculum responsibilities. Teacher subject knowledge as well as pedagogical content knowledge would allow the facilitation of Donaldson’s (2015) new ideas. Donaldson (2015: 63) recognises that “decisions about teaching and learning are very context and purpose specific, and are best taken by teachers themselves”. This idea is reflected by Shulman (1987) who recognises the knowledge base for teaching includes an array of critical features, notably the subject matter being taught, the classroom context and the characteristics of the students.
The fourth dimension of the knowledge quartet ‘contingency’ develops on the idea of learning opportunities presenting themselves and teachers having the mindfulness to know when to deviate from lesson plans and take these opportunities; Rowland, Huckstep & Thwaite (2003: 98) describe it as the ‘ability to think on one’s feet’. Hattie (2012: 28) recognises it has become more about how teachers see the surface and deeper understandings of the subjects they teach, as well as the belief on how best to teach them. Teacher’s being able to understand their learners and develop their interests will provide children with intrinsic motivation to engage with their subject knowledge (Bolkan, 2015). Thus, it may be said that both Shulman (1987) and the knowledge quartet (Rowland, Huckstep & Thwaite, 2003) acknowledge that teaching is more than providing the content. They distinguish subject knowledge in a different light placing value in considering things from a child’s perspective (Hayes, 2012: 178). As Hayes (2012: 178) states “children are not merely recipients of learning but active partners and initiators of it”. 


Section Two:
To approach the analysis and evaluation of my subject knowledge for primary teaching, I will discuss how pedagogical knowledge that was developed prior to and whilst on placement allowed me to build my subject knowledge in primary teaching. Reference will be made to the knowledge quartet (Rowland, Huckstep & Thwaites, 2003) and to Shulman’s (1986/7) ideas especially with the interaction between content knowledge and pedagogical content knowledge needed to make subject matter more accessible to learners.  Van Driel & Berry (2012) denotes PCK includes teachers’ understanding of how students  learn, or fail to learn, specific subject matter has become an important goal and identified it as something that teacher’s need to develop. 
At the foundation dimension of the knowledge quartet, the preparation begins for our role in the classroom (Rowland, Huckstep & Thwaites, 2003). Pedagogical knowledge taught prior to entering the school was evident when going on my PTE experience. Of particular interest to me was the use of wait times and questioning. Research had highlighted that many teachers do not provide adequate wait time after asking a question. Rowe (1986) for example, speculates that the average wait time teachers provide to learners is 0.9 seconds. When I entered the classroom, one of my priorities was to provide appropriate levels of thinking time. One way this was done was Think-Pair-Share technique which has been suggested to keep learners engaged and can be used as an active learning strategy (Kothiyal, Majumdar, Murthy & Iyer, 2013). I enjoyed using this technique throughout my lessons so that children could discuss ideas before presenting to the whole class; it also allowed children to actively engage within the lesson and develop their oracy skills. This allowed literacy and communication to be evident cross-curriculum with learners able to ‘explain information and ideas, exploring and using ways to be convincing, e.g. use of vocabulary, gesture, visual aids’ (Welsh Government, 2014). 
Within the foundation dimension, emphasis was also placed on questioning. Almeida (2010) highlights that it is often the teachers that pose the most questions in the classroom and that teacher’s are not aware of the discrepancy with learners often having little chance to ask questions. Within my practice, I hoped to provide ample opportunities for students to ask questions to subject content. After setting tasks and building a success criteria with the children, I would provide the children the opportunity to ask any questions before they begun. This was then further emphasised by classroom monitoring. Classroom monitoring is closely related to effective learning and effective discipline (Hayes, 2012). Monitoring allowed any less confident children to ask any questions they may have felt uncomfortable asking in front of the whole class and it allows me to make sure that all children are on task. After monitoring progress during the lesson, teacher assessment of pupil attainment relies on examining written and recorded work (Hayes, 2012:334). Part of the assessment for learning is development of marking (Welsh Assembly Government, 2010). To further develop my role as the subject teacher, I think that I need to develop my assessment for learning so that I can create constructive feedback which will allow students’ to reach their full potential. Although, I tried to implement a number of strategies such as the sticky-notes of any questions at the end of the lesson and ‘heads down, rate understanding from 1-5’ I think a more consistent approach would provide children with appropriate forms towards assessment for learning and allow integration to a number of strategies to be utilised. Equally, constructive feedback on marking utilising the schools policy of ‘two stars and a wish’ more effectively will help student progress in the future.
Throughout my experience on PTE, my class mentor would always tell me that the basis for a good lesson is a lesson that you would personally like to do (in the perspective of a learner). If it does not meet that criterion then the children are not likely to enjoy the lesson and effective learning may suffer as a result. This led me to think when it came to lesson planning, how can I use the subject knowledge creatively to teach the children? For every lesson that I taught, I thought it was valuable to use a lesson hook strategy (Jewitt, 2013) that would engage the learners. For example, within my lesson where the lesson objective was ‘To generate questions to ask Susan Flood’ there were photographs placed around the room on each learners table. Children were asked in pairs to come up with their thoughts of what we were going to do in this lesson. I did not elicit the learning objective until after the class discussion of ideas. In so doing, I created curiosity of the lesson. Additionally, it activated prior learning with the discussion highlighting previous areas of learning such as Shackleton and their animal reports (Susan Flood is a photographer whose work was in the BBC Dynasties Antarctica episode). This example demonstrates coherence to previous lesson, reflecting the connect dimension of the knowledge quartet (Rowland, Huckstep & Thwaites, 2003). Additionally, it recognises active learning within the classroom from the outset engaging students in the learning process (Prince, 2005).
Differentiation became a key aspect within lessons. Differentiation within the classroom was based on varying the levels of difficulty of the material covered in the class; equally, differentiation came through learner expectation (Algozzine & Anderson, 2007). In so doing, teachers may adapt what they plan for the students to learn or how they may gain the desired knowledge from the lesson (Algozzine & Anderson, 2007).  It was based on the premise that pupils differ in the extent to which they can absorb information, grasp ideas and apply themselves to a task (Hayes, 2012: 240). Having pedagogical knowledge of the various types of differentiation allowed me to organise children’ learning so that subject knowledge could be taught. This meant that knowing my class became vital, a key competent within Shulman’s (1987) knowledge of learners and their characteristics. Additionally, this may intertwine with the transformation dimension of the knowledge quartet being able to re-represent idea to learners to that they may be understood (Rowland, Huckstep & Thwaites, 2003). For example, in my literacy lesson on planning for suspense writing, a video was displayed to the children. The video ended on a cliff hanger; the children had to plan around the senses to carry on this story. For more able learners, additional boxes were provided to add to their creative writing. For those of learner ability, boxes were simplified with trigger words provided on a help sheet. Shulman (1986/1987) emphasises that teacher subject knowledge is important basis in which subject content can be made accessible to learners. This differentiated worksheet allowed all learners to complete the task and more importantly develop their literacy skills. 
Throughout my PTE experience, every morning 30 minutes was utilised for children to read. Within this a reading carousel was devised so that children would independently read, do a group guided reading and use the ipads throughout the week. I was given the opportunity to carry out the guided reading with most groups on a weekly basis. This provided me with the opportunity to demonstrate subject knowledge of English and provide children to discuss ideas. For example, when children were writing their animal reports, the teacher wanted to expand sentences to include more descriptive vocabulary. To develop the children’s knowledge, guided readings that week focused on adjectives and descriptive discourse throughout the book, discussing ideas and concepts within the group. Demonstrating subject knowledge came down to understanding the syntactical structure of the sentences and providing examples to context.  
Pedagogical knowledge allows teachers to demonstrate good practice in managing learning. Time management is the responsibility to know what the expected outcome of the lesson will be in terms of what is achievable for the learners. Hayes (2012: 288) suggest the “best teachers are normally skilful in making the best use of available opportunities to press home teaching points”. Setting clear time limits for activities gives purpose for the lesson by giving sense of focus and pace (Cowley, 2010). At the end of the lesson, plenaries are effective to check student understanding and provides a sense of completion to the lesson (Cowley, 2010).  Throughout my PTE experience, I found that I was struggling with my time management within lessons and set it as my personal target to improve whilst on placement. I found that as the weeks progressed, I was getting a firmer grasp of what levels of outcome were to be expected within lessons. This meant that I could focus my subject knowledge. Shulman (1987) denotes that teachers have the responsibility to “convey to students what is essential about a subject and what is peripheral”. By developing my pedagogical knowledge, I was then able to decipher what needs to be taught and what needs to be learnt by the learners. For example, when planning my introductory maths lesson to fractions and decimals, by the end of the lesson I wanted children to know that the bottom number of fraction is called the denominator and the top number a numerator. I also needed them to begin to practice converting fractions to decimals. Knowing that children are active learners, the lesson was based on practical activities so experiential learning could take place. Children were asked to design their favourite sandwich with the components expressed as fractions. Additionally, coloured blocks and coins was another activity where they had to work out the fractions based on the colours. 
Classroom management refers to ‘actions taken by the teacher to establish order, engage students, or elicit their cooperation’ (Emmer & Stough, 2001: 103). Classroom management represents significant aspects of teacher’s pedagogical knowledge (Emmer & Stough, 2001). Pedagogical knowledge within the primary classroom can allow children to take an ownership of learning. If teachers have specific objectives about what they hope children will learn from a lesson, indicated by the lesson objective, children know the expected outcome of the lesson (Hayes, 2012). So that children know what is to be expected, building and establishing the success criteria for the lesson will demonstrate children’s understanding of the structure and purpose of the lesson (Cowley, 2010: 105). For example, in my literacy lesson to generate facts and questions about World War Two, having completed the introduction as a whole class, it then became student led learning with children working in pairs to complete the lesson objective. With this underlying pedagogical knowledge, I was able to exert trust that the children would know what they were doing and complete the task by the end of the lesson. Additionally, it also provided the platform to integrate digital competency, with children having the option to work and completed on the Ipads. Children were given the option of which application to use so that they were in control of their own learning. Within this class, this was referred to as COOL learners. 
When it came to teaching science, a subject I was less confident in teaching, I think that content knowledge became more important than pedagogical knowledge. This is because I needed to improve the content I was going to teach in order to develop lesson ideas. In order to adequately produce the lesson, I carried out background research on the topic prior to the lesson reading Peacock, Sharp, Johnsey & Wright (2014) chapter on the solar system. Thus, I found where my subject knowledge was stronger I was able to demonstrate more pedagogical content knowledge. In future planning, by developing my subject knowledge of the topic, it will allow me to think more creatively in developing activities and incorporate cross-curricular responsibilities highlighted by Donaldson (2015). 
Conclusion
In conclusion, a key theme that resonates is transferring subject knowledge so that it may be understood by the learners. Having recognised the importance of the relationship between content knowledge and pedagogical knowledge with Shulman (1987) identifying teaching as more than knowing the content, it has been recognised that teacher competence comes from knowing the subject (Loewenberg-Ball, Thames & Phelps, 2008). Content knowledge as a prerequisite for pedagogical content knowledge (Kleickman et al, 2013); Shulman (1987) suggests that PCK implies a transformation of subject matter content so that it be may be used to teach the learners within the classroom setting. Donaldson (2015) posits within the new curriculum that value is placed on teacher understanding within both the subject knowledge and pedagogical content knowledge. This translates to teacher’s understanding of the curriculum content to allow the four purposes of learning to be transferred within the classroom setting. 
To further my teaching experience, this essay has highlighted that pedagogical content knowledge is vital to effective teaching and learning. The basis of this comes from a key foundation of subject knowledge. To improve, I will develop topics of weakness within the areas of learning so that I may be able to create a platform to develop learner understanding and make learning more accessible to the learner. Additionally, by developing my assessment for learning and incorporating more aspects highlighted within the guidance (Welsh Assembly Government, 2010), I can utilise greater variety within my feedback (as well as peer assessment) to develop learner understanding.  
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