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A proposal for a new Key Stage 3 Science Curriculum

Introduction
This exposition has been produced to accompany the proposal for a new Key Stage 3 Science Curriculum. The portfolio comprises this essay along with a Strategic and Action Plans pack containing a strategic plan, action plan, SWOT analysis and PESLE analysis. The planning for the new curriculum would commence in May 2020, the implementation for the first year group in September 2020 with full roll out to all three year groups projected for September 2022. 
Aims
The core aims of the proposed curriculum are to:
1. Improve learners’ literacy skills 
2. Increase learners’ subject knowledge 
3. Improve performance in KS3 assessments
Underpinning these aims is the aspiration to close gender and privilege attainment gaps. Furthermore, these aims seek to enhance pupil engagement by building trust and confidence between learners and their teachers. 
The new KS3 Science Curriculum would see an increase in the amount of didactic, teacher-led learning and would be effected through the production of resources that would support this approach. The teaching strategies proposed are discussed in the section entitled Pedagogy while the specialised resources are outlined here. All resources would be produced by members of the Science department and thus would be highly specific to our schemes of work. Examples can be found in the appendices (Appendix 1 and Appendix 2).   
1. Topic Reader- This is a booklet covering the entire topic that serves as a mini textbook. It comprises the key non-negotiable aspects of the topic, along with additional material designed to inspire and enthuse learners. Readers may be used for silent reading, whole class reading wherein pupils take it in turns to read aloud, teacher reading or for comprehension tasks. 
2. Knowledge Organiser- This consists of a double-sided sheet of A4 paper containing all the essential components of the topic. This would be used by the teacher to direct independent revision for low-stakes tests based on the content of the knowledge organiser.
3. Low Stakes Tests- These tests comprise five to ten multiple choice questions. They may be given at the start of a lesson to test recall from the previous lesson(s) or at the end of the lesson to test knowledge of the present lesson. Low stakes tests should be given every lesson and the results kept private and not shared with the teacher.
4. Lesson PowerPoints- The Science department already produces lesson PowerPoints for each topic to ensure consistency between teachers and classes. These would be further modified to include low stakes tests, essential information common to the knowledge organiser and tasks and information to compliment the reader. 
National picture
Before embarking on further discussion about the proposed KS3 Science Curriculum is it deemed important, by the author, to consider the current national position of education. Analysis of GCSE results for Year 11 in 2019 (Welsh Government, 2019) showed that girls were outperforming boys and non- FSM (free school meals) pupils were outperforming FSM pupils. These findings are also true of our pupils: last year 77.37% of FSM pupils achieved an A*-C grade in any Science compared with 85.39% of their non-FSM counterparts (raw data available upon request). With regards to performance by gender, 85.5% of girls achieved an A*-C grade in any Science compared with 81.9 % of boys. Admittedly, on the face of it these gaps are not particularly striking, however a different picture starts to emerge when data from single Sciences only are analysed: 58.97 % of non-FSM pupils achieved an A*-C in single Chemistry compared with 34.38% of FSM pupils. Nationally, the largest gap in attainment between FSM and non-FSM pupils was in Science and, notably, the narrowest gap in literacy. This particular finding serves as a reminder that there are many aspects that contribute to a pupil succeeding in Science and that literacy, is one component among many. The changes proposed here consider the importance of literacy along with the procurement of secure knowledge and understanding as a means to improving attainment. 
The Science Department is currently working with colleagues across the school to prepare for the implementation of the Curriculum 2022 (Welsh Government, 2020). These efforts would continue in tandem with the planning, development and implementation of the KS3 Science Curriculum as they seek to meet the common aims of producing “ambitious and capable learners” who can take increasing responsibility for their own learning. In his “Successful Futures” report, Donaldson (2015) highlights the need for literacy to be developed in all lessons, a theme that underpins the proposed KS3 Science Curriculum.  
In the Education in Wales National Mission Statement, the purpose of education is made clear: “It is or duty to provide future generations with the skills and knowledge they need to play a full and active role in their communities and wider society” (Welsh Government, 2017). The mission statement also sets out definitive aims to “commit to formative assessment” enhance the literacy skills of learners and reduce the attainment gap between the privileged and under-privileged children and young people in Wales. Hopefully, it is evident that the aims of the KS3 Science Curriculum are in alignment with the broader aims for education in Wales. 
Why do we need a new curriculum?
An exploration of the purpose of a new Science curriculum is fundamental to its planning and implementation. The author has taken into account various perspectives from educational research and considered these in the context of our pupil demography. Our pupil population comprises, in part, pupils who are eligible for free school meals and come from ethnic minority backgrounds and/or have English as an additional language, with a proportion of pupils falling into both of these categories. As such, the purpose of the proposed KS3 Science Curriculum can be broadly described under two overarching themes at set out by Pollard (2015): social and economic; and personal. Our new curriculum should provide opportunities for learners to develop knowledge and understanding along with practical competencies (Pring et al., 2009). The development of knowledge should support the acquisition of skills that ultimately enable learners to achieve academic and vocational qualifications that empower them to satisfy their own economic needs and those of the broader society (Department for Education, 2011). These sentiments echo those of Young (2008) who deems knowledge to be “powerful” and stipulates that acquiring and developing knowledge in an age appropriate manner is key to satisfying personal and economic ambition. In much the same way that Bloom’s taxonomy places knowledge at the foundation of the learning process, the curriculum proposed here is focussed on the acquisition of knowledge that will allow pupils to develop higher skills (Bloom, 1956). Indeed, the knowledge to be acquired via this curriculum will be decided almost entirely by the GCSE specifications at KS4. This is an echo of the need to construct a curriculum that empowers learners to achieve sufficiently high qualifications that further opportunities for academic and personal development are available to them, along with the ability to meet their individual economic needs. 
This curriculum should also serve to instil learners with the resilience, independence and positive attitudes that will assist them with life-long learning and further their personal development (Claxton et al., 2011; Donaldson, 2015). It is a curriculum for teachers and for pupils. The proposed changes detailed in this exposition, hopefully, allow for the development of consistently effective teaching in Science lessons along with consistently secure learning. Of course, it is not truly a curriculum for learners if they do not have a say in it (Warwick et al., 2018). As such, the department will continue with its policy of collating and listening to pupil feedback via a pupil voice questionnaire disseminated at the end of each topic. Online questionnaires will continue to be used to facilitate the collection of large data sets that can be scrutinised and, if necessary, acted upon (Cohen et al., 2018).
The educational theories that have influenced the curriculum
It is useful before describing, in more detail, the pedagogic approaches and resources adopted in the KS3 Science Curriculum, to consider the educational theory that underpins the proposed changes. The pedagogy described below centres around a predominantly teacher-driven approach wherein the lesson content has been predetermined and the teacher is the expert who imparts expert knowledge unto learners (Pollard, 2014). Pollard describes tasks as being non-negotiable in a teacher-driven environment, and while core tasks will be largely predetermined, for example, use of the reader, low stakes tests and practical work, that is not to say that teachers should not be flexible in their approach and adapt their lessons in response to pupil progress. This teacher driven approach is partly behaviourist is nature (Hall, 2015) in that pupils are learning from external stimuli that have been arranged by the teacher, however cognitivism also has an important influence. The methods described in later sections are designed to improve pupils’ ability to commit knowledge to their long term memory with a view to freeing up space in their working memory for new information (Willingham, 2010), an approach that is cognitivist in nature. Furthermore, the planning of sequenced content in an age appropriate manner takes into account the cognitive development of pupils (Piaget, 1926). This mix of theories is advocated by several authors, namely Pollard (2010) and Claxton (2011), who call for taking the parts of theories that make the most sense for you in your current context. 

Teaching and Learning and Resource Management 
The following sections are intended to provide clarity and purpose to the teaching and learning strategies proposed for the KS3 Science Curriculum. 
Topic Readers
The purpose of the topic reader is to enthuse and engage learners while exposing them to new and complex scientific vocabulary, with the goal of improving their literacy. As pointed out by Donaldson (2015) teachers of all subjects should bear the responsibility of enhancing pupils’ literacy skills. Inspiration for the readers is taken from the Michaela Community School in London where pupils read and are read to every lesson for the purposes of deepening understanding and enjoyment. The school population is comprised almost entirely of pupils from deprived backgrounds and/or ethnic minorities. In their first set of GCSE results in 2019, over half of all pupils (54%) attained a level 7 or above, equivalent to A and A* grades, which was over double the national average (Weale, 2019). The use of readers in the KS3 Science Curriculum may be most effective when used to model good reading, introduce, explain and test new vocabulary and enthuse pupils about the topic, as demonstrated by the Michaela school teachers (Ashford, 2015). Pupils should be able to understand and engage with new information and it is argued that understanding is acquired only when background knowledge is secure (Willingham, 2010). The readers are designed to go some way to securing background knowledge by providing learners with interesting, supplementary information to the essential information as set out in the knowledge organisers, but they can only achieve this if the new vocabulary pupils come across is explicitly taught and practised (Myatt, 2018). Myatt further postulates that giving all learners the opportunity to learn, understand and use new vocabulary will go some way to closing the attainment gap between privileged and under-privileged children and young people, in this context, our FSM and non-FSM pupils. This sentiment is echoed by Willingham (2010) who also argues that raising the knowledge base of all learners gives them enhanced opportunity to develop more difficult skills and ultimately bridge the attainment gap. 
Perhaps the most extreme example of improving literacy as a means to breaking down social barriers, and seeking equality between the wealthy and the unwealthy, is the Cuban literacy campaign of 1961 (Leiner, 1987). While complex and extreme in nature, the campaign ultimately sought to bring about equal prospects for all Cuban citizens through the upskilling of largely illiterate workforce populations in the countryside. The literacy rate was raised to 96% by the end of the campaign (Kellner, 1989).
 A further benefit of the reader is its potential for developing problem solving skills among learners, as set out by Curriculum 2022 (Welsh Government, 2020); Myatt (2018) points to the problem-solving skills involved in understanding difficult text.
Knowledge Organisers 
Once again, inspiration is sought from the Michaela School in London. The development of knowledge organisers there has provided clarity to teaching staff and a tool for pupils to know what they are learning and what they are expected to know. Similarly, the introduction of knowledge organisers to the KS3 Science Curriculum aims to achieve greater clarity for teaching staff and subsequently greater consistency between lessons. This point is particularly relevant when one considers the number of non-specialist teachers currently and foreseeably teaching Science (see Strategic and Action Plans-PESTLE analysis). Myatt (2018) further argues that asking teaching staff to develop knowledge organisers requires teachers to consider the most important over-arching themes and ideas, and leads to the development of more coherent schemes of work. It is essential therefore that sufficient time is allocated to the development and quality assurance of these resources; see Strategic and Action Plans-Action Plan for details of the development process, and the section entitled Planning for a full explanation of the time frame. 
Knowledge organisers will form the basis of independent revision, in line with the school’s homework policy (available upon request). Since its introduction in 2019, pupils have become familiar with the expectations for independent revision. Earlier this year, in an exploration of the views and attitudes of KS3 pupils towards the implementation of the homework policy in Science, 75% of pupils said they knew how to undertake independent revision and a further 79% agreed that independent revision helped them remember facts (Williams, 2020). It will be critical that all pupils are trained in the use of knowledge organisers for independent revision to be effective in helping pupils secure knowledge and understanding. The use of knowledge organisers to review the day’s work will help to consolidate knowledge, prepare pupils for the next lesson and develop qualities such as perseverance, self-confidence and time management (Epstein and Voorhis, 2010) which are key aims of Curriculum 2022 (Welsh Government, 2020). The earlier work of Cooper (1989) concluded that homework is most impactful when pupils are already familiar with the work and it does not present too much of a challenge. Furthermore, Epstein (1988) offers that lower attaining pupils may be more inclined to give up on homework if they find it too difficult and frustrating. As such, the aim of this approach is to give all learners the same opportunity of revisiting taught work as a means to committing it to memory. 
Low Stakes Tests 
The inclusion of low stakes testing in the KS3 Science Curriculum is another strategy to enable pupils to acquire secure knowledge. The regular testing of the same knowledge enhances learning (Willingham, 2010) and the knowledge that they are expected to glean should be made explicitly clear (Myatt, 2018). These are echoes Karpicke and Roediger III (2007) who wrote that learning that consists of repeated retrieval is the key to long term retention. The low stakes tests serve another essential purpose; they allow the teacher to frame the lesson in the context of what pupils already know. Ausubel (1968) proffered as much: “the most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly”. 


Teaching and Learning
The KS3 Science Curriculum places the teacher as the expert, imparting valuable knowledge to the learner as described by behaviourist educational theories. As such lessons will adopt a primarily didactic teaching and learning approach wherein the teacher explicitly introduces and explains new concepts (Banning, 2005). Explanations may be in the form of dual coding, with the teacher using various strategies to explain and directly address common misconceptions (Caviglioli, 2019). Pupils must be presented with concrete examples of abstract concepts (Willingham, 2010) and complex processes should be modelled “live” by the teacher (Myatt, 2018). The key aim of lessons is to ensure knowledge and understanding and so there should be a greater emphasis placed on securing and assessing this knowledge as opposed to maintaining an arbitrary pace (Myatt, 2018). This curriculum assumes that teachers have excellent pedagogic content knowledge as this is far more important than subject knowledge alone (Pollard, 2014) as it has been shown to have a significant impact on pupil progress (Hattie, 2009). The need for developing excellent pedagogic subject content is perhaps more significant given the mix of specialist and non-specialist teachers that make up the Science department (see PESTLE analysis). 
The need to adapt pedagogic strategies to ensure the procurement of knowledge is evident in the work of Willingham (2010) who postulates that pupils can only develop and perform higher order cognitive skills such as synthesis when they have extensive background knowledge. He goes on to stipulate that knowledge is vital to understanding relationships between ideas. Furthermore, secure background knowledge allows pupils to interpret potentially ambiguous new information and chunk information, thus taking up less space in the working memory, enabling learners to complete tasks with less difficulty. Recht and Leslie (1988) argue that what we perceive as logical thinking is little more than memory retrieval and this retrieval allows learners to recognise an unexpected result as they have a clear idea of expected results. This holds much significance in practical Science wherein pupils are required to spot anomalous results from data sets. 
It is important to acknowledge that the curriculum proposed here is not one centred problem-based learning, but one with a focus on knowledge, as previously extensively described. That being said, skills will be developed throughout the KS3 Science Curriculum as, as several authors note, knowledge and skills are not developed independently of each other (Ryle, 1945; Pollard, 2014 and Myatt, 2018).


Assessment
The summative assessment in this curriculum takes the form of end of topic tests which are designed to be a fair judgement of the knowledge and understanding developed by pupils as a result of clear and direct instruction. These tests will also assess the particular skills that have been explicitly taught and nurtured during the topic, such as drawing a bar chart. The aim of these assessments, in conjunction with the preceding lessons, is to secure a knowledge base that will allow pupils to develop their understanding and learn more complex concepts later on. This notion is advocated by Myatt (2018) and Bruner (1977) who argue for teaching concepts in a meaningful way that can be built upon at a later stage, with less emphasis on testing as a means to reaching arbitrary levels. Here, the reader is reminded of the need for teachers to have excellent subject knowledge to ensure that accurate and fair judgements can be made about pupil progress (Pollard, 2014). However, it is incorrect to say that our assessments are not building towards end of key stage levels as, ultimately, our content specification has been predetermined by the GCSE specifications, and so the grading of KS3 assessments will remain for as long as the current GSCE exams remain. Curriculum 2022 has yet to set out clear guidelines for end of key stage assessments (Welsh Government, 2020) and so we are duty bound to prepare pupils for the current GCSE exams in the best way that we can and this, in part, involves a focus on “teaching for the exams” with time dedicated to exam technique and scrutiny of mark schemes.  Formative assessment will primarily take the form of low stakes testing as previously described. Limited time will be dedicated to the marking of books with greater emphasis placed on identifying common misconceptions and using time, instead, to dispel these with pupils (Myatt, 2018). 
Leadership
As set out in the supporting Action Plan, these changes will be lead by A.Williams in collaboration with C. Jenkins and A.Hughes, forming a leadership team of TLR (teaching and learning responsibility) holders. The afore mentioned teachers will take the lead in developing the initial year 7 schemes of work, constructing a model from which other members of the department can develop the later schemes for years 8 and 9. Schemes will be allocated to individual teachers based on their subject specialism as their pedagogic content knowledge makes them expertly placed to design a scheme that is accessible and impactful for all learners (Myatt, 2018). That is not to say that teachers will design their schemes in isolation, rather that they will take ownership of those modules but still work collaboratively with other members of the department. A review of Goleman’s (2000) analysis of the six leadership styles has been useful when considering the various roles adopted by the members of the Science department and the Senior Leadership Team. The author considers many of the leaders involved to align most strongly with one of two styles: authoritative (visionary) and democrative. The implementation of the KS3 Science curriculum will require collaborative work between Science teachers and leaders to achieve the shared vision of improving teaching and learning at KS3.    


Planning 
In this section, long and medium-term planning will be discussed, with less emphasis on short term planning. In this context, long term planning will refer to the whole key stage changes (including time frames, delegation of tasks and meeting over-arching aims), medium term planning will refer to the schemes of work (including subject content, pedagogy, assessment etc.) and short term planning will refer to the planning of individual lessons. The changes to the curriculum  are intended to provide schemes of work that have been purposefully developed to build knowledge and understanding, such that the short term planning of individual lessons does not need to be centralised and teachers should feel empowered to be flexible and adaptive in their approach in lessons (Pollard, 2014), thus supporting learners in a more personalised way. The long and medium-term planning must take into account the requirements of Curriculum 2022 (Welsh Government, 2020), namely the timescales involved and the broader aims (see Pestle analysis). In accordance with both Curriculum 2022 and the KS3 Science curriculum, the schemes should be planned so that they offer practical experience and content that is seen by learners as relevant, in order to enthuse and motivate (Pollard, 2014). 
As previously sited, collaboration within the department will be key to effective planning and so it is essential that sufficient time is allocated to collaborative planning, to allow teachers the freedom to plan purposefully and with the burden of an additional workload. This is why it is proposed that planning always take place in the summer term, when years 11 and 13 have departed (along with year 12 for a more brief period) and teachers gain back time during those teaching hours, as referenced to in the supporting Action Plan. The action plan also sets out that teachers will be delegated modules to take responsibility for based on their own subject specialism i.e. Chemistry, Biology or Physics. This is intended to produce the best possible outcomes in terms of the schemes of work being developed by people with expert pedagogic content knowledge, and also to reduce the planning burden on staff. The non-science teachers are not required to be part of the planning stage owing to them having commitments to their own departments and the development their own curricula during the May-July gain time period. 
Reflection
Reflection is a tool for us to learn more about the work we are doing and the impacts it is having on our pupils (Kember et al., 2010). It should be practised and refined so that it becomes a valuable tool of self and collaborative improvement (L’Aiguille, 1994) and as such should be and has been planned into the Action Plan (Turner, 2009). Furthermore, reflection will be structured and focussed so that teachers have the common aim of assessing the impact of the changes: Pollard (2014) suggests posing evaluation questions for teachers and leaders to answer, for example, “Did pupils learn what was expected?”. Questions such as these will be a feature of planned reflection during departmental meetings and during the planning periods in the summer term. The department will reflect also on the effectiveness of teaching resources, such as the knowledge organisers, and these should be refined year on year as we gain a clearer vision of the essential components of each scheme of work (Myatt, 2018). 


Conclusion
To bring this exposition to its conclusion, the reader is reminded of the core aims of the proposed changes: 
1. Improve learners’ literacy skills 
2. Increase learners’ subject knowledge 
3. Improve performance in KS3 assessments
These aims are proposed to bring about the closing of the gaps in attainment that we see between boys and girls and FSM and non-FSM pupils. 
A number of strategies have been proposed, namely the implementation of topic readers, knowledge organisers, low stakes tests and a shift towards didactic teaching methods that place the emphasis on expert instruction. The theories that underpin these proposed changes are centred around providing all learners with equal opportunities to improve their literacy as a means to accessing more knowledge, and subsequently committing that knowledge to long term memory. Learners can then develop greater understanding before moving on to more cognitively demanding skills such as analysing and synthesising. 
The changes proposed also offer the teachers of the Science department opportunities to review their own practice and develop their leadership skills through taking ownership of the development of schemes of work. There are also regular opportunities for collaboration and reflection throughout the cycle of planning and implementation. 
Inspiration for the changes has been sought from a review of educational theories and from the Michaela School in London, which is seeing much success from adopting similar, albeit more extreme, changes with a similar pupil demographic. The aspiration here is that the changes would bring about similar success for our pupils. 
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