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The School is located in West Wales in a small town within the National Park.  There are 909 pupils on roll, showing a declining trend from 1160 pupils in 2014. 

The School was inspected by Estyn in 2014 and placed in Estyn Monitoring, having previously (2008) received 5 goods and 2 very good.  Following the revisit in 2017 the School was judged to be ‘in Need of Significant Improvement. In November 2019 Estyn, after a revisit the School was placed in Special Measures.

The pupil entitlement to free school meals is 11% (2019-2020 – PDG £95,000),17.7% below Welsh average. The pupils with ALN is above the national average at 33% and 1% are statemented. A few pupils are first language Welsh or from ethnic minority backgrounds.

The current headteacher was appointed in 2017, there is deputy headteacher three assistant head teachers. The school has recently restructured and replaced Heads of Department with Leaders of Learning linked to the new curriculum. A House system has been established, with Heads of Houses, instead of Heads of Year and pupils are placed in mixed year registration classes. The School has a large Science Area of Learning with a new lead being appointed in January 2019.
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In contrast to previous curriculums, the New Welsh Curriculum proposes aims set out as four Purposes and twelve principles. Subjects which have been traditional, are incorporated, whilst focusing on providing an education which is broad and well balanced (Gatley 2020). Priestley and Philippou (2019) agree that the curriculum has been radically restructured, focusing on pupil progress and encouraging more creative and active learning. Purposes need to be encompassed in planning to encourage ambitious capable learners with high standards expected and challenging tasks, that apply theory to real life contexts. Bilingualism and cross-curricula aspects must also be considered (DCF 2008, LNF 2013).  Priestley and Philippou (2019) conclude that lessons need to focus on creativity, problem solving and the development of leadership skills and teamwork. Donaldson (2015) emphasizes that pupils need to develop confidence, resilience and empathy through having opportunities to learn and progress from making mistakes, building on previous knowledge and progression. Gatley (2020) concludes that Donaldson’s (2015) purposes aim to educate pupils, so they can lead fulfilling personal and professional lives within society. 
[bookmark: _Hlk39666143]Donaldson (2015) outlines twelve pedagogical principles to be incorporated into teaching, including different teaching approaches, including direct teaching, group work, discussion and digital skills. He supports Hattie (2009), that direct teaching is important for outlining success criteria, showing exemplars so that pupils see what good work looks like, using guidance and models to conclude lessons. 
Lesson planning should focus on tasks that encourage pupils to understand concepts and connect what they were learning to their daily lives. In addition, tasks would need to have a high degree of authenticity encouraging experimentation, working collaboratively and making connections. Donaldson (2015) refers to work by Waters (2013) that it is important for pupils to link learning to the world around whilst being encouraged to be responsible for their learning and applying metacognition ‘Learning to learn’. Positive relationships which provide support socially and emotionally should be encouraged. Teaching should involve using praise where appropriate and working with and supporting others in their learning.  Collaboration is another important element, Hattie (2012) agrees that cooperative working is very effective.
Sinnema et al (2020) agree that the new curriculum will allow teachers to be more flexible and autonomous in their lessons and focus on the development of skills required in today’s society using active learning with a reduced curriculum. They do, however, show concern that, it will be challenging to implement in terms of curriculum content, required resources and organisational issues within educational settings and may still be found to be too restrictive. Gatley (2020) shares this criticism, that in order for Donaldson’s curriculum to succeed, supplementary tasks would need to be added to each Area of Learning.
[bookmark: _Hlk39663978][bookmark: _Hlk39665183]Differentiation must be embedded into lessons and teacher awareness of all pupils is required, to differentiate appropriately at an early stage (Donaldson 2015). Differentiation is the process of providing pupils with suitable teaching and resources to support learning (Ross et al 2015). It enables pupils to achieve their potential by taking different routes (Hamm and Anders 2013). Consideration must also be given to the various backgrounds and life experiences of pupils (Pigott 2002). Science is a subject that can prove beneficial to all pupils throughout their lives, and therefore differentiating appropriately is imperative, for all pupils to have equal opportunities for success (Ross et al 2015). More importantly, pupils must feel that they are in a safe environment, whilst still encouraging independent learning (Ross et al 2015). It is vital, that differentiation enables pupils to have access to the same concepts (Hamm and Anders 2013).
[bookmark: _Hlk39664018]Differentiation by task provides different tasks to pupils within the class suited to their ability (Ross et al 2015), however teachers must avoid attention being drawn to those pupils receiving the differentiated tasks (Pigott 2019). The Frayer Model is an intervention that supports this, as some pupils would be required to annotate and illustrate the model, whereas others would complete comprehensively with written text (Ross et al 2015). Differentiation by outcome is useful where creative tasks are set, again with the Frayer Model you would expect different outcomes, some providing detailed, comprehensive work and some providing more superficial explanations. Estacioa and Martinez (2017) support this, suggesting that Frayer Models can be adapted allow for differentiation. Pigott (2002) argues that differentiation by outcome may be insufficient as a method of differentiation in isolation, as to differentiate successfully teachers must have prior knowledge of pupils. Differentiation by support would enable the teacher to work with the pupils needing support whilst others continue working independently, this often has a positive effect on learners at both ends of the spectrum (Ross et al 2015).
Donaldson (2015) highlights the importance of assessment being an integrated approach in all lessons, providing pupils with feedback which enables them to improve their work and progress (Black and Wiliam 1998). This was supported by Hattie (2012), in relation to  achievement, that AFL has a very positive effect.  AFL should be linked to the four curriculum purposes and teachers need to adopt the most appropriate practice based on the wide range of AFL.  Ross et al (2015) agree that AFL is a tool which, allows teachers to check learners’ understanding and to reflect and make adaptions if required. It informs teachers of the level of challenge and of next steps required for both teacher and learners. This supports research by Pigott (2002) that assessment is imperative, so that teachers are aware of pupils understanding and provide additional support.
Questioning can provide useful feedback to teachers in relation to understanding of concepts. Questioning can be adapted appropriately for different classes and pupils. Ross et al (2015) suggests that with a mixed ability class the best approach may be to start with simple closed questions, that all pupils can answer and then move to more difficult open questions, where they could use a ‘tell each other’ approach or use individual whiteboards to provide an answer. This would give all pupils the opportunity for more thinking and reflection, to give an answer without having to voice it in front of class. Ross et al (2015) further suggest that teachers could prepare a range of key questions prior to the lesson which they could then adapt based on the skills and knowledge of the class. Research shows that if pupils are also asked to explain how they got their answer, this further embeds understanding (Rosenshine 2012). Donaldson (2015) focuses on the benefits of peer and self-assessment. He believes that this enables pupils to think about their progress and that of other pupils, leading to more independent learners. Ross et al (2015) support this view that it is beneficial to learners to be actively involved in discussion with other learners about their own work and that of others. The new curriculum refers to the importance of introducing new and innovative ways to measure assessment e.g. digital media, that allows for evaluation, reflection and guidance as to next steps to lead to improvement and progression.  Harlen (2015) concludes that whatever assessment takes place, it needs to focus on pupils understanding and future development. 
In addition, teachers must also consider misconceptions that arise. Kind (2004) suggested that many pupils have misconceptions of basic chemistry concepts between the ages of 11-18 years old. The misconceptions and the reasons for their development are wide ranging. Kind (2004) supports this, that children often believe from experience that there are a number of states of matter and not just three. She continued, that this view was also supported by Stavy and Stachel (1995), that children believe that if a substance is hard and rigid such as wood and metal, it is solid, however solids that are not rigid such as dough are not solids. Kind (2004) concludes that in relation to gases misconceptions arise due to the fact that many are invisible, whereas they can learn intuitively about solids. Misconceptions arise, as children often think that things do not exist if they cannot see them.
Often pupils use their own expressions for things they see outside of school and the language is shaped by their everyday use.  In addition, Harmon et al. (2005) suggested that pupils often have a problem understanding, that the same words can have different meanings in different contexts. Misconceptions relating to science often lead to learning be inhibited and understanding subject appropriate vocabulary, is imperative for understanding scientific concepts (Harmon et al. 2005). For example, the word property is often used to describe a house, stuff is used to describe matter (Taber 2002). Teachers must ensure that they explain and reinforce the words in their particular subject (STEM 2017). Harden (2019) supports this view, that language use in science is not consistent with the everyday common use of the language and this causes confusion. It is often the difference between language used daily and the technical use of scientific language that lead to the development of many misconceptions (Davenport 2013). Ross et al (2015) agree, that children will often use their own words to describe ideas. These words are often different to the ones used by scientists and pupils need to understand scientific meaning. They further point out that the language used is everyday way of talking and an added complication is that, different words will have different meanings to pupils, at different stages of development. To overcome these misconceptions, teachers need to embed a scientific way of thinking and understanding (Ross et al 2015). This was supported by Estacioa (2017), that pupils need to fully understand scientific vocabulary, in order to understand concepts
There are a number of ways to overcome language misconceptions (RSC 2017). Concept cartoons provide pupils with a visible model, that allow for concepts of science to be related to our daily lives and promote discussion. Ross et al (2015) support this idea referring to work by Keogh and Naylor (2000), that this encourages understanding of definitions and associations.  Concept maps further develop understanding by allowing numerous links to form between the concepts, again acting as a visual aid, which pupils can see (Ross et al 2015). Reading in science is also important in developing vocabulary as in other subjects and sequencing activities provide a useful tool (Ross et al 2015).  In conclusion, the Frayer model is very effective in teaching scientific language and vocabulary, as it provides a visible structure for pupils to understand concepts and develop language skills (Estacioa 2017). 
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[bookmark: _Hlk39428351]The focus of the microteach was overcoming misconceptions in relation to states of matter, that arise from language. Misconceptions in understanding basic concepts in chemistry, are often a result of pupils using language from their daily lives, with no realisation of the technical scientific meaning (Kind 2004). This was supported by Barke (2013), that misconceptions arise because the specific terminology is not understood and used appropriately. 
In line with Donaldson (2017), many curriculum purposes and pedagogical principles were encompassed throughout. The powerpoint and first two tasks built on previous knowledge and provided opportunity for discussion in small groups. It is often necessary to repeat scientific concepts, so they are embedded, otherwise insecurities arise if pupils are asked for verbal feedback, as if unsure, they resort to slang words and everyday language (Barke 2013). Throughout the lesson, there was a continued emphasis on the scientific language and the technical use of the words and pupils encouraged to talk like scientists. Estacioa (2017) refers to work by Wellington and Osbourne (2001), who point out that science teachers are also teachers of language. In their teaching, they teach children to decipher the world but with terms that are scientific with different meanings in their everyday life.  
The first two activities involved sorting, sequencing words, phrases and photographs related to states of matter, some easily identifiable and some to challenge the more able, which led to group discussion and collaborative working. Scientific theory was applied to real life contexts, Dyasi (2006), supports Donaldson in the use of real-life context as it engages pupils and keeps their interest (Harlen 2015). All tasks involved reading, as this is important in developing vocabulary in science, as in other subjects (Ross et al 2015). Bilingualism was encouraged with dates, headings, praise and instructions being given to the class is both languages (Donaldson 2015). 
The Frayer model allowed pupils to interact with information, build on previous knowledge and use classification, organisational and communication skills (Estacioa 2017). Having to put information in their own words, helped to solidify vocabulary, build confidence to think scientifically about states of matter and the properties (Kind 2004).  Encompassing Donaldson (2015), the lesson provided differentiation by outcome, support and instruction as pupils worked independently, with the expectation that some of the class would provide detailed comprehensive notes, some answers would be more superficial with many illustrations. The use of examples and non-examples push pupils for more in depth understanding and stretch pupils thinking (Estacioa 2017). The Frayer Model can also be adapted to meet the needs of the pupils, whilst ensuring that all pupils were exposed to the same words, concepts and equal opportunities (Hamm and Anders 2019). 
AFL was included through questioning, both open and closed questions were asked with opportunities for ‘tell each other first’ to build confidence. It was important to bear in mind that pupils have different approaches to answering questions, some worrying, some keen to answer and some guessing (Ross et al 2015). 
The plenary provided opportunity for both digital technology and creativity, to communicate ideas. The task also required peer assessment as it is important to introduce new and innovative ways to measure assessment (Donaldson 2017). The use of both written and verbal tasks enabled the development of verbal, written and digital skills in line with both the DCF (2008) and LNF (2013). 
Numerous teaching approaches were used (Donaldson2017) and in line with Hattie (2009) direct teaching provided the scaffolding for the lesson. Opportunities arose within the lesson to develop confidence, resilience and empathy. The tasks provided plenty of opportunities to face challenges to work both independently and collaboratively as a team and learn skills important for life (Donaldson 2017).


[bookmark: _Toc39777053]Evaluation
The micoteach encompassed Donaldson (2017) linking to many purposes and pedagogical principles. The first task required pupils to classify states of matter from everyday life under, allowing pupils to build on previous knowledge. This is supported by Harlen (2015), that pupils learn better if new information being taught links to previous knowledge. 
The lesson provided pupils with an opportunity to explore different ideas and situations in a safe environment where it was made clear that it was acceptable to make mistakes in order to learn from them (Donaldson 2017). 
Each group had bottles of ice, water and air to encourage active learning and provided visual and sensory stimuli. If there had not been the time constraints, the task could have been improved, by having a variety of matter around the classroom, encouraging more interaction and being more relatable to real life contexts, which is invaluable for relating science to the outside world (Harlen 2015). This would help to overcome misconceptions caused by language and also build their confidence to encourage them to think scientifically about a concept, which is difficult to understand when it is not visible Kind (2004). In addition, it would have had a higher degree of authenticity encouraging experimentation, working collaboratively and making connections (Donaldson 2017).
The Frayer model enabled pupils to be actively involved in their learning using classification and organisational skills to communicate meaning (Estacioa 2017). As pupils were not simply writing a definition, they develop an understanding of the concepts in more depth (Aveyard 2018). Other interventions could have been used to overcome language misconceptions such as word burrs, role play or illustrations (RSC). In addition, a concept cartoon before the Frayer model to engage the pupils, motivate them and encourage them to discuss the different statements (Pigott 2002). Pupils could be given a word mat to support, as this would have highlighted key vocabulary and increased awareness of important terminology (Harmon et al 2005).
Differentiation was by outcome, but also by support to those who required it (Ross et al 2015). The particle model often leads to additional misconceptions, which would be confusing for the lower ability pupils as lesson focusing on language (Kind 2004), on reflection to improve the task the particle model in Task 2 could be removed. 
The variety of teaching approaches, including direct teaching was used clarify instructions and to provide a structure (Hattie 2009), however, dependent on the pupils in the class I would always need to consider, that some pupils have a very short attention span (Ross et al 2015).
Success criteria were set out clearly on the board at the start (Hattie and Clarke 2019). AFL was in the form of open and closed questions and also tell a friend, to ensure clear understanding.  This could have been extended as sharing information builds confidence (Harlen 2015) and research shows that with further discussion of words and meanings, understanding of scientific concepts improves (Estaccio 2017). In addition, the use of whiteboards where all pupils could respond may have been more effective (Black and Wiliam 1998).
[bookmark: _Toc39777055]

Conclusion
[bookmark: _Toc39777054]Science misconceptions often arise from the way in which society uses language, that goes against chemical concepts. Children often enter the classroom with preconceived ideas, that they see in the world around them and form their own theories and language to describe them, as opposed to scientific language (Davenport 2013). Misconceptions can be overcome but teachers need to provide support to pupils to comprehend them (Ross et al 2015).

Models such as the Frayer model used in the microteach have a huge impact on the development of scientific terminology (Estacioa 2017). There are a number of other strategies that are easy to integrate into practice that also prove effective in overcoming these misconceptions (Aveyard 2018). Frayer models together with other strategies, such as concept cartoons, have proven to be successful interventions to support the development of scientific terms and can be embedded in to pupils’ ways of thinking and writing (Ross et al 2015).

It is important for pupils to overcome misconceptions, so that they have the opportunity to develop an understanding of basic scientific concepts. This will benefit them throughout their personal, social and professional lives (Harlen 2015) and with a knowledge of both scientific methodology and enquiry, encourage them to be learners who are both capable and ambitious and willing to continue learning throughout life (Donaldson 2017).
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