How Current Initiatives Support the Development of Numeracy Across The Curriculum 

This paper will discuss how current initiatives support the development of numeracy at the Key Stage 3 level. In the UK education system this includes year 7, 8 and 9 (ages 11-14). The setting of this case study is a mainstream secondary school within a rural area in Wales, UK. This school will be referred to as School A. Why is good numeracy important? Decisions in life are often based on numerical information, therefore ability and confidence in using numeracy can impact us socially, financially and professionally. Numeracy is a part of everyday life for each individual, not just in school, but at work and other opportunities. The Draft Curriculum for 2022 states that 
“the use of mathematics to solve problems in real word contexts is required in almost all areas of life” (Welsh Government, 2019, [5] pg. 20). 
Financial numeracy is important in everyday life and links to positive financial behaviours such as keeping up with bills, saving efficiently and setting and keeping to a budget. It also helps when shopping, buying a car, deciding on a mortgage, planning a holiday among many more. General numeracy is often used while telling the time, cooking; to measure ingredients and increase recipe sizes to serve extra guests, while managing our diet and nutrition; measuring levels of sugar and other ingredients, while measuring medicine doses, working out how long until the next train in minutes, working out if the correct change has been given and as citizens making sense of statistics and economic news (National Numeracy, 2019). 
Although numeracy is important in everyday life, it has become culturally acceptable in the UK to behave negatively toward mathematics. Negative attitudes increase anxieties, causes a lack of confidence and leads to disengagement; individuals believe that they unable to ‘do’ maths (National Numeracy, 2013), and see good numeracy skills as an innate thing, as a talent that not all individuals possess. This has been described by Carol Dweck, an American psychologist, who is now Professor of Psychology at Columbia University (Bates, 2019) as a fixed mindset. She noticed 30 years ago that some individuals would rebound from failure, and others would seem devastated by the smallest setbacks (Mindset Works, 2017). Dweck developed a theory of learner motivation, that is based on the individual’s own beliefs about their abilities to achieve goals, accomplish tasks and function successfully in life (Bates, 2019). She suggested that individuals have two states of belief, those in a fixed mindset who believe that intelligence is static meaning their ability is fixed and there is little they can do about it, and those in a growth mindset who believe their intelligence and abilities can be increased and enhanced by learning (Bates, 2019). Dweck contends that the way learners perceive their own intelligence can have a profound effect on their motivation and achievement (Dweck, 2009).  She also argues that individuals that have a growth mindset are happier, healthier, more fulfilled and successful in school, work, friendships, family relationships and in love (Dweck, 2006). This ties in with past curricula and the Draft Curriculum for 2022 as it encourages good health, confidence in individuals and encourages ambitious capable learners as they can gain confidence in their own abilities (Welsh Government, 2019 [5]). The causes of negative bias toward numeracy in the UK are thought to be negative past experiences from schooling, National Numeracy believes this continues to influence opinions on maths throughout adults’ lives (2013). 1 in 4 adults in the UK believe that maths lessons at school did not prepare them for adult life (National Numeracy, 2019). The resulting lack of confidence in abilities in using numeracy often leads to anxieties around using it practically, which leads individuals to avoid situations where being numerate is required (Chinn, 2012). The impact of low numeracy affects individuals in gaining employment, as those with poor numeracy skills are twice as likely to face unemployment (National Numeracy, 2019). But it does not only affect these individuals, it in turn affects the economy. In an increasingly technological society, the world is presented with more numerical data, as 90% of new jobs require digital computer skills that are built on numeracy (Race Online 2012, 2010). According to National Numeracy, poor numeracy cost the UK £20.2 billion in 2014, with £3.2 billion being attributed to employers, £8.2 billion to the government and the largest; £8.8 billion to individuals (Pro Bono Economics, 2014). The director of the OECD states that: 
“good numeracy is the best protection against unemployment, low wages and poor health” – (Schleider, 2013, pg. 1).
The cause of negative memories of schooling may also be explained through Paulo Freire’s Pedagogy of the Oppressed. It was written in 1968 and translated from Portuguese to English in 1970. Freire saw the traditional pedagogy of the time as a ‘banking’ model of education, where students are treated as ‘empty vessels to be filled with knowledge’ (Aubrey and Riley, 2019). Freire described it as 
“a gift bestowed by those who consider themselves knowledgeable upon those they consider to know nothing” (Freire, 1996 [1970] pg. 53). 
He felt that the environment made students adapt to their oppressive conditions, caused them to feel people are merely in the world and are not connected, and that teachers attempted to control the thinking of the students because the teacher is in ‘charge’, they talk and students listen, they choose the content of the lesson and learners listen, and the teacher is the subject of the learning process, while the students are mere objects (Freire, 1996 [1970]). Freire, contrastingly, believed that true knowledge already exists within people, and that education should celebrate this by practicing freedom, instead of domination. He argued that the importance of teaching is based on dialogue, rather than monologue and that teachers should allow learners to express themselves and to talk freely (Bates, 2019). He argued that the educational system should treat the learner instead as a co-creator of knowledge and encouraged a mutual respect between teachers and learners as they both have an equal role to play in the learning process (Aubrey and Riley, 2019). Freire’s ideas promote natural curiosity in learners and empowers learners by taking their interests, culture and history into account (Aubrey and Riley, 2019). Freire had a strong belief that education was a significant factor in freeing people from oppression, but for many this was not their reality. Their educational environment; rote-learning or ‘banking’ did not consider them as individuals, did not consider their opinions or thoughts, and did not praise efforts, instead punished failures. 
[bookmark: _GoBack]In 2013, the Welsh Government felt that a new initiative was needed to improve levels of numeracy in Wales due to the concern generated by PISA results of 2009 (National Assembly For Wales, 2013). The current Literacy and Numeracy Framework (LNF) that was created in 2013 in Wales includes 4 strands, developing numerical reasoning, using number skills, using measuring skills and using data skills. These strands are then broken down into further elements; numerical reasoning elements include identifying processes and connections, represent and communicate and review. The elements in this strand refer to skills needed to identify real-world problems and which processes are needed to solve them, expressing that in workings and drawing conclusions on their findings. Number skills includes use number facts and relationships, fractions, decimals, percentages and ratio, estimate and check and manage money. In this strand individuals learn to count, that numbers come in an order, and how to use checking strategies. Measuring skills mainly include which measurement and standard unit to use, it includes length, weight/mass and capacity, time, temperature, area and volume, angle and position. Finally, the fourth, data skills involves handling data, and includes collect and record data, present and analyse data and interpret results (Welsh Government, 2013). Similarly, draft LNF for the 2022 curriculum, includes the same strands and elements (Welsh Government, 2019 [3]). The 2008 LNF includes the age group of individuals; nursery, reception, year 1-11 and an extension. This sequential system would be advocated by Piaget, as he believed that the development of children is sequential; they develop through a series of stages. He stated it is essential for each stage to be fully achieved before going to the next (Aubrey and Riley, 2019). Contrastingly, the LNF 2022 contains 5 progression steps. They relate broadly to the expectations of those ages 5, 8, 11, 14 and 16. The intention is that learners will progress along the same continuum of learning, and their progression is signalled through the steps (Welsh Government, 2019 [2]). The National LNF 2013 focuses on the individual’s ability to acquire and apply the skills and concepts they learn in realistic tasks and provide a cross-curricular approach. To do this, it states the importance of integrating numeracy into teaching across different subjects (Welsh Government, 2013). For example, at School A, through Information Communication Technology (ICT) lessons individuals study a topic on financing, where they are encouraged to research two or more careers they would like to pursue, to find out how much the usual salary is, what qualifications are needed to reach their desired post and then how to finance their desired lives. They research which home they would like to purchase or rent, how much typical home bills cost, a car they would like to purchase, furnishings for their homes, and any ‘luxury’ non-essential items they would wish to purchase when living as adults, with budgets set. This would come under strand 1, developing numerical reasoning, as once they reach key stage 3 in year 7, learners are encouraged select and apply the appropriate mathematics and techniques (Welsh Government, 2008) to identify what processes are needed to solve a real-world problem as they are not instructed on which mathematical technique to use. This enables learners to play a full part in life and work, as set out in the Draft Guidance for the New Curriculum 2022. Numeracy has been incorporated into other lessons at key stage 3 level such as Geography; the use of coordinates and graph skills is utilised while learning map skills and during topics of population. In Religious Education lessons, individuals learn the ways of the Islamic religion, and are taught finances around pilgrimage to Mecca, they are required to calculate the entire cost of the trip and decide which would be the cheapest for practicality. In cooking lessons learners are often encouraged to produce healthy meal recipes, and are required to calculate calories and sugar levels, this helps them to make effective choices and become healthy, confident individuals tying in with one of the four purposes of the new curriculum 2022 (Welsh Government, 2019 [5]). During Science practical experiments and cooking practicals, individuals are required to measure mass of ingredients and materials and are then required to measure time of reaction or baking. These is also interventions put in place for those individuals who did not score the average on their numeracy testing prior to year 7, they are taken out of non-core lessons twice a week and work on any topics they have had difficulties with through fun and engaging games such as ‘TT Rockstar’s’ where individuals can design their own guitar and character while completing mathematical equations.
In the proposed Assessment and Evaluation Framework for The Draft Curriculum 2022, the Welsh Government states that ‘assessment is key to supporting progression’ (2019 [1]). It is a way of recognising and supporting progress for all individuals, and used to identify any of the individuals’ strengths and achievements, and to gain an understanding of individuals’ needs to thereafter identify the most appropriate next steps to progress their learning, along the continuum of learning towards the four purposes of the curriculum (Welsh Government, 2019 [5]). In the past curricula released and in the new Draft Curriculum for 2022, specifically in the Assessment and Evaluation Framework (AEF), it has been proposed that schools must deliver formative and summative assessments. Maintained schools in Wales and the UK have been required to deliver formative national tests. They were introduced in 2013 by the Welsh Government as a response to the poor results of the PISA testing in 2012 by individuals in the UK (Eurydice, 2019). The students involved are from year 2-9, covering all age groups in key stages 2 and 3. Previously they have all been delivered in paper form but have now been adapted to become online personalised assessments that can be completed in stages. The assessments are used to measure numeracy and literacy skills. The numeracy tests include procedural and reasoning, while procedural has been delivered online since 2018, the latter, reasoning was introduced this year, 2019, as an online assessment (Welsh Government, 2019 [4]). The assessments are used to measure specifically numerical reasoning and procedural knowledge of numeracy. Procedural knowledge of numeracy involves completing a process; such as multiplying two numbers together requires a remembrance of the process by the learner – for example using ‘Lattice’ (Chinese) multiplication method or long multiplication after learning the process in a lesson. These questions tell the candidate which action to take. Applying numerical reasoning involves ‘applying simple numerical facts, skills and reasoning to real-life problems’ (Estyn, 2017). Usually numerical reasoning tests involve questions that require the learner to recognise which action to take, whether to add, subtract, multiply or divide, and to recognise which numbers to use in the action. They do not tell the learner which action to take. For example, the question may present the candidate with a graph describing how much produce certain retailers sell in a week, the candidate may be asked to calculate which retailer sold the most and by how much. They must then decide which actions to take based on prior knowledge and experiences from lessons. The Welsh Government propose in the AEF that a wide range of assessment techniques should be used. Other forms of formative assessments include peer assessment, self-assessment and quizzes. At School A, ‘Kahoot’ and ‘Quizzizz.com’ are used on iPads to measure progress usually at the end of the week, or month as a ‘wind down’ activity. The quizzes are colourful, interactive and include topical pictures to engage young individuals. The results are shown on a leader board and individuals can review their questions and see their achievements and any mistakes. Other forms of formative assessment used at School A include peer assessment and self-assessment. They both include a score and two positives and a target. Another form of self-assessment is used in at School A during mathematic lessons in the form of an index, where individuals fill in the topics they have worked on and have three options of ‘emojis’ linked to the emotions happy, sad, or neutral. The individual is encouraged to fill this in when the topic is finished. These allow the individual to be involved in the planning process as they can recognise their own areas of improvement. This falls in line with the AEF proposing that individuals should be active participants in the learning process, taking ownership of their own learning (Welsh Government, 2019). This supports one of the four purposes of the curriculum in the way that learners reflect on the approaches they have used, after seeing which topics they succeed at and which they need to work at, they can develop ‘metacognitive skills’ which allows them to become ‘ambitious and capable learners’ by learning which steps to take to improve (Welsh Government, 2019 [2]).  Summative assessments are used to measure individuals’ comprehension of a topic or subject at the end of a unit or term. These include examinations, final presentations or portfolios. At School A, Entry Level 3 is used as a summative assessment for individuals who have previously not achieved GCSE A*-C in their first attempt and wish to have a qualification in mathematics (NCFE, 2019). The individuals often are entered due to missed schooling; issues with school refusal, truancy and exclusions, and those with Additional Learning Needs that find GCSE level difficult.
The Organization for Economic Cooperation and Development conducts a survey every 3 years named The Programme for International Student Assessment (PISA), to measure the average levels of reading, science and mathematics of children aged 15 across 79 different countries (Schleider, 2018). The UK has not previously shown much improvement with the difference between the 2012 and 2015 being 1 place, moving from 27th to 26th. In the most recent survey, conducted in 2018 and reported in 2019, there was a more substantial improvement by 9 places, making the UK rank 17th in maths (OECD, 2018). This rise, in my opinion, may be attributed to the changes in perceptions on how to deliver education, as recently there has been even more of an emphasis on learner-centred approaches. Schools are now agreeing on a whole-school pedagogy, showing consistency by including numeracy in each lesson and encouraging positivity around mathematics. Mindset theory has been embraced by schools in the UK in anticipation of the new Curriculum 2022. Mindfulness lessons have been taking place to improve individual’s overall self-confidence and resilience, in the attempt to improve confidences in abilities across the curriculum, including mathematics. I feel that the LNF indeed improved levels of numeracy as the 2019 PISA results showed, and while I agree it encourages creative thinking as much of numeracy is abstract, it teaches individuals to develop their creativity to imagine new realities, from experience this can be difficult for those with certain Additional Learning Needs. Individuals with Autistic Spectrum Conditions may find it difficult to imagine a situation due to their difficulties, and some with general ALN may have difficulty with visual recall or processing which can affect how they understand an abstract situation. Luckily, the new curriculum has large emphasis on practical situations and in my opinion, it will become more even inclusive for those with difficulties in learning. The child centred approach encouraged by the new curriculum in my opinion, is also going to be very effective in the development of numeracy as it is more concentrated on developing individuals as whole person and will help them transition into adult life more swiftly, unlike those older than the current learner population. 
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