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            Praise for Messy Maths

         

         Wow, what a fabulous book! Incredibly comprehensive and full of exciting possibilities, it should convince anyone of the huge potential of the outdoors.

         Messy Maths will motivate the reader to harness the outdoors’ special nature for embedded, meaningful mathematical thinking and satisfying, deep-level learning – I particularly love the mathematical garden. Why would you stay indoors?

         Jan White, mudologist and consultant for outdoor provision in the early years

 

         Even if only a fraction of the ideas contained in this book are put into practice, they will still make a huge difference to children’s knowledge and understanding of maths. What really struck me whilst reading this book was a recognition of the problems we create for ourselves with older children because we don’t spend enough time developing their conceptual understanding – leading to situations in which 10- and 11-year-olds have no real concept of what a metre actually looks like, or what a kilogramme feels like. Through her practical, easy-to-apply and – in most cases – zero-cost strategies, Juliet Robertson offers the perfect solution.

         Rooted in exceptional early years practice, Messy Maths is an indispensable guide to getting maths right – not just with our youngest learners, but with all children.

         Jonathan Lear, teacher, speaker and author of Guerrilla Teaching

 

         Messy Maths is a wonderful resource! Aesthetically beautiful with its engaging photographs, it is easy and inspiring to read and offers meaningful and practical ideas for exploring maths outside of the classroom.

         The most valuable aspect from my point of view is the encouragement to find maths in the everyday outdoors. It is in the recognition of these teachable moments that we, as early years educators, can bring maths to life for young children.

         Mairi Ferris, Director, Stramash Outdoor Nurseries

 

         We learn with our hearts and our hands before our heads. That holds true for every aspect of the curriculum and indeed for life – but doubly, trebly so for learning the foundations of mathematics at an early age.

         Except for a chosen few, I don’t believe there is such a thing as a natural mathematician. As with language, music and science, our skills develop organically over time and are grounded in our childhood experiences. Children today have less time outdoors than ever before, with fewer opportunities to try out experiments and play with maths on their own. So it’s more important than ever  that schools take learning outdoors, allowing children to build their foundation of concepts and language naturally and confidently.

         This is a great follow-up to Dirty Teaching. It stands alone in its own right, however, giving teachers, child-minders and all educators (including parents) the confidence to see the mathematics all around us and to help children draw out the concepts they are exploring in their play.

         I highly recommend Messy Maths to teachers working at all stages and in all manner of early years settings. You’ll come away inspired – ready to get outdoors and help the children you work with feel super confident in their mathematical language and practical application of mathematical reasoning. I bet you’ll get better at estimating weights and lengths too!

         Cath Prisk, Global Campaign Director, Outdoor Classroom Day
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            This book is dedicated to my sister, Sophie, who loved maths.
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             Most of my class are very confident at climbing trees. One day I had a new little girl who was not so sure. She stood and watched the other children for several minutes before one of her friends shouted for her to come up the tree. ‘Come on, Alex. It’s good up here. It is so high and you can see really far to the other side.’ Another child added, ‘Alex, you look tiny down there. Climb up and you will be big again. Miss Dean will be really small if you climb up.’

            Alex continued to watch the others, remarking, ‘Miss Dean, it’s too scary up high.’ One child, Rylan, said, ‘It’s okay, I can come down and help.’ Rylan climbed down from the tree and went over to Alex. After a little bit of encouragement, Alex began to cautiously climb the tree. Rylan directed her using a host of positional language: ‘Put your foot a little higher’ and ‘Move to the side by the fat branch.’

            I was able to expand and support this language throughout the experience, and each time Alex got a little higher you could see her confidence growing more and more. When she had got as high as she could, we talked about what she could see and compared this to being on the ground.

            When her mum came to pick her up, Alex was excited to tell her what she had done that day. She described her experience using the positional and size related language she had been exposed to. It was a fabulous learning experience for Alex, Rylan and me.

            Louise Dean, early years teacher,

Redgate Community Primary School, Formby, Liverpool
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            Introduction

         

         The world is a mathematical place. For young children who are naturally curious there are shapes, numbers, moving objects and patterns to behold, things to count and investigations to be undertaken. It is a creative, challenging and wondrous way of looking at life and exploring the world.

         Maths is an inherent part of being human. Framing the world through maths helps us make sense of what is happening and how it affects us. It can provide order and certainty as well as help to explain random events. For little children, maths is not just a cognitive process. It is also a social, emotional and physical experience. A problem shared is a problem halved. Think back to your own experiences of maths at school and how you felt about learning it. Consider how children need lots of physical experiences that embody what maths is all about. The only way to understand the concept of weight, for example, is to repeatedly lift, move and carry a range of heavy and light objects.

         Being outside enables connections to be made between the hands, heart and head, laying the foundations for more complex work as children grow, develop and learn. The natural and built worlds provide dynamic and constantly changing environments, offering an endless supply of patterns, textures, colours, quantities and other attributes that underpin much of the necessary early maths experiences.

         This book has several aims:

         
            [image: ] To help educators consider their own understanding and confidence in developing mathematical provision, making the most of the outdoor space in their setting – whether this be a nursery, playgroup, child-minder’s back garden or a nature kindergarten.

            [image: ] To enable children to have lots of informal, spontaneous mathematical experiences which are child initiated and child led. When children play, they are in control of their learning and it has meaning and purpose to them.

            [image: ] To provide a range of open-ended ideas for adapting to children’s interests as part of a playful approach to learning maths concepts. This is about educators being responsive to the needs and interests of children.

            [image: ] To make the most of any outdoor space as a context for maths. We need to consider how time in greenspaces such as woodlands, parks and beaches contributes to children’s mathematical experiences, as can the use of natural materials.

         

         I believe that every child and adult is mathematically able. We all have different strengths and abilities within maths. By sharing ideas and enjoying mathematical conversations, we can deepen our understanding. For children who require additional support, we need to be sensitive to their needs. Use language and communication methods appropriate to their abilities, have fun and focus on precisely what each child can do. They may surprise you and extend your learning just as much as you do theirs.
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         Being outside makes maths feel real rather than disconnected from our daily lives. And real maths is really messy! Aside from mud pies and puddles, the cognitive processes involved mean it is not a smooth linear pathway of learning but rather an interconnected network. Children need time to make sense of abstract mathematical ideas through experiential processes, along with opportunities to ponder, enjoy and discuss the concepts encountered. Lots of playing along the way is a must.

         How to use this book

         Messy Maths has been written for educators who work with children aged between approximately three and six years of age. It is not a ‘how to’ guide, rather a handy reference book: a source of ideas about tapping into the outdoors to help children become confident and skilled in thinking about, using and exploring mathematical concepts as they play outside. Many aspects of any early years maths curriculum can be addressed without the need for structured activities, but through developing the four R’s of routines, resources, the responsibilities of adults and reimagining the environment. This means looking at our outdoor space with a mathematical lens and considering the possibilities. This is discussed in Chapter 13.

         Suggestions for integrating maths into routines have been amalgamated in Chapter 12. The intention is to provide explicit examples of possibilities to help develop creative, progressive and flexible approaches to embedding maths.

         Throughout the book I refer to ‘gathering circles’. These are times when the children have gathered together and are ready for, and interested in, undertaking a shared event. Sometimes gathering circles happen naturally outside, such as when lunch is shared together in a wood. More often, they are informal occurrences when children playing together congregate to view an exciting discovery or to simply relax and chat to each other.

         A positive approach to being outside

         Throughout the book, there are lots of ideas and accompanying photos that contain elements of risk. In line with best practice, it is important that you consider all the suggestions on a case-bycase basis to determine whether they are appropriate for the developmental stage and learning needs of your children. The adults who work with your children need to have the competence and confidence to ensure the routines, resources and environment are as safe as is necessary. Remember to undertake risk–benefit assessments, in line with your establishment’s health and safety policies and procedures, for anything you feel needs it, be this using tools and ropes, exploring the mathematics of fire, climbing trees and other experiences involving height, moving heavy objects, working off-site or near water, and so on. Messy Maths is about enabling outdoor practice but every educator and setting needs to undertake this within a framework of safety.

         Likewise, it is important that wherever you are working you follow the land access laws of your country. Being respectful of others, leaving no trace of your presence and considering the impact of your practice on the environment are all part of our responsibilities as educators.

         The basics

         The core building blocks of maths matter as much outside as they do indoors. Derek Haylock and Anne Cockburn propose that a ‘mathematical concept can be thought of as a network of connections between symbols, language, concrete experiences and pictures’.1 This means children need to:

         
            [image: ] Recognise the symbols used in maths.

            [image: ] Know and understand the language used.

            [image: ] Be able to create a mental or actual image of the concept.

            [image: ] Have concrete experiences and relevant contexts for working in maths.

         

          Most difficulties arise when not all of these elements are experienced or if they are not connected in a meaningful way. Undertaking maths activities outside provides an ideal environment for these connections to happen. It allows for skills and concepts learnt in one context to be readily applied to another.

         Ann Montague-Smith and Alison Price replace concrete experiences with more specific detail.2 They suggest that two important elements of maths are ‘physical materials’ and ‘real world scripts’. They state that real world tasks matter but also cite the value of ‘script’ in songs, rhymes and stories. These scripts provide children with relevant language and enable them to act out and retell stories that use the language in context. Daniela O’Neill, Michelle Pearce and Jennifer Pick studied the relationship between children’s narrative abilities in pre-school and found a predictive relationship with their later mathematical ability.3 For me, this is about enabling emotions to be expressed and time being made for children to make sense of concepts through role play, creative work and imaginative play. It is about employing strategies which engage children.

         The other work which has influenced my thinking has been that of Czech mathematician Milan Hejný. His approach to maths teaching and child development uses twelve principles.4 These are grounded in common sense. The first principle is ‘building schemata’. Hejný suggests that children need to construct a network of mental mathematical schemata based upon their real life experiences – that is, to understand something you need to be able to connect the concept or idea to previous experiences. The Hejný approach uses experiences familiar to young children (such as walking) as a starting point to develop maths concepts and mental patterns and images.

         The use of sticks is another example of a schema advocated by Hejný. Many children are familiar with and use sticks in their play, so the use of a stick to explain and illustrate mathematical thinking is building upon a known item. It is easy to make the link between a stick on the ground and a line drawn on a piece of paper. Thus the connection between using symbols and two-dimensional images is facilitated.

         Finally, the concept of embodied cognition is particularly relevant in the context of how children grow and develop their mathematical understanding. This is about the acquisition of maths concepts being grounded in body movements and through interactions with the environment. Think about how children use their fingers as they learn to count. Hortensia Soto-Johnson suggests that highlighting students’ gestures, repeating their words, mimicking their gestures and asking  probing questions can all help them to articulate their thinking.5 By paying attention to gesture, educators can learn more about children’s mathematical reasoning and misconceptions. 
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            One metre challenge

            This activity is useful to undertake with parents or colleagues. In an outdoor space, ask everyone to create a line that is exactly one metre long using natural materials they can find.

            Afterwards, discuss how each person worked out their metre. Provide measuring tapes or metre sticks so the results can be checked. Whilst there is always variation, most people rely on their previous knowledge about the approximate length of a metre. Some people relate it to a part of their body, others use a known reference such as the number of times an A4 sheet of paper fits into a metre. This ‘knowing’ is what children need to acquire through lots of practical play-based explorations of maths.

         

          Outside, ensuring children have plenty of access to natural environments where they can develop physically through movement and interactions with nature is particularly beneficial. The inextricable link between the development of the brain and body is summed up nicely by Jan White: ‘Movement and action give children intuitive, bodily-felt meanings about concepts that will later be understood more intellectually (such as many of the ideas we use in maths like weight and size). Embodied experiences also create deeper, more lasting memories which can be drawn on in different ways.’6 In other words, children need to use their whole bodies to learn maths.

         The educator’s role

         The role of adults is flagged up repeatedly in books and research articles. Pradnya Patet provides an eloquent summary of how educators can empower young mathematical minds.7 She argues that mathematical proficiency does not appear on its own but needs careful scaffolding that is meaningful and relevant. When children play you can see their level of understanding in a genuine context.

         As educators we can facilitate maths play outdoors in many ways:

         
            [image: ] We can set up outdoor areas in mathematical ways and embed maths into our routines.

            [image: ] When redesigning an outdoor space, we can take account of features that can facilitate mathematical dialogue, explorations and investigations (see Chapter 13).

            [image: ] We must make the most of teachable moments to introduce the language and specific skills that enhance children’s ability to reason mathematically. We should also offer suggestions, statements and challenges which encourage children to articulate their thinking. We want children to ask questions, discuss problems that arise and to not fear making mistakes. Errors are crucial to learning.

            [image: ] We can be ready to build upon what children are doing through their play, their interests and what they like doing outside. The possible lines of development can be a mix of resources, investigations and simple prompts that support independent mathematical play.

            [image: ] We can ensure that children themselves are the overwhelming evidence of their own learning and achievements in maths, rather than focusing on a paper-dependent system.
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         Modelling a mathematical mindset

         How adults respond to children regarding maths really counts. Jo Boaler’s book, Mathematical Mindsets, advocates practical strategies for ensuring that the adults who work with children adopt a growth mindset approach that makes maths enjoyable and achievable.8

         Everyone can achieve in maths, and we are always improving our knowledge and understanding. I believe a key benefit of outdoor play is that we can build confidence in maths concepts before children even perceive their play as mathematical, and in doing so we help to lessen, challenge or even prevent the development of negative connotations about the subject.

         Practitioners need to actively show an interest in, and enthusiasm for, maths. Modelling maths activities, showing children how to use different resources, using mathematical language and being up for having fun with maths makes a big difference. Pass on a love of numbers.

         
            1 D. Haylock and A. Cockburn, Understanding Mathematics for Young Children: A Guide for Teachers of Children 3–8 (4th edn) (London: SAGE Publications, 2013), p. 27.

            2 A. Montague-Smith and A. Price, Mathematics in Early Years Education (3rd edn) (Abingdon: Routledge, 2012), p. 16.

            3 D. K. O’Neill, M. J. Pearce and J. L. Pick, Predictive relations between aspects of preschool children’s narratives and performance on the Peabody Individualized Achievement Test – Revised: evidence of a relation between early narrative and later mathematical ability. First Language, 24 (2004): 149–183.

            4 See: http://www.h-mat.cz/en/principles.

            5 H. Soto-Johnson, Learning mathematics through embodied activities. American Mathematical Society (8 February 2016). Available at: http://blogs.ams.org/matheducation/2016/02/08/learning-mathematics-through-embodied-activities/#sthash.LeIk8Lne.dpbs.

            6 J. White, Every Child A Mover: A Practical Guide to Providing Children with the Physical Opportunities They Need (London: Early Education, 2015), p. 16.

            7 P. Patet, Empowering mathematical minds through play. Community Playthings (8 September 2015). Available at: http://www.communityplaythings.co.uk/learning-library/articles/empowering-mathematical-minds.

            8 J. Boaler, Mathematical Mindsets: Unleashing Students’ Potential Through Creative Math, Inspiring Messages and Innovative Teaching (San Francisco, CA: Jossey-Bass, 2016).
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            CHAPTER 1

            Where’s the Maths In That?

         

         The purpose of this chapter is to provide some starting points for reflecting upon the mathematics which is inherent in children’s play. We work in an educational culture in which the pressure is on us to be continually interacting, extending children’s learning through dialogue, modelling what is expected or leading a structured activity. The best thing we can do is stop, step back, observe what the children are doing and reflect upon the maths we are witnessing.

         By unpicking what we see children doing from a mathematical perspective, it is easier to consider the resources, experiences and conversations that are required to develop the skills, knowledge and understanding they need to gain next. This chapter includes several exercises to help you do this and considers some of the issues facing educators when providing maths opportunities outside.

         
Idea 1.1 Ensuring national expectations are achieved

         In many countries there are statements about what children need to know and be able to do in order to reach a desired standard at a given age. Educators are required to make assessments and use their professional judgement to ensure that every child achieves what is expected of them. A range of evidence is needed. Within early years settings, most of this evidence can be collated through observations of and discussions with children. Also, there are lots of games and fun ways of eliciting a child’s level of attainment.

         Children need a balanced education that takes account of their social, emotional, physical and cognitive development. There is a lot of evidence which all points towards outdoor free play in a natural setting as providing the optimal conditions for this to happen, when combined with sensitive, nurturing adult support.1 Being outside means children can apply their knowledge and skills across a range of real life contexts, thereby consolidating their understanding.

         To isolate elements of maths without considering this wider context is not giving either the child or the subject an opportunity to flourish. Curriculum guidelines always advocate an embedded approach. It is up to those of us who work with children to interpret this advice in a holistic way that matches best practice and research. A standardised maths test is only one small part of the bigger picture. It will not be able to ascertain a child’s ability to use maths for real. A couple of years after I began teaching, I met a five-year-old pupil on her own in a local shop. She told me with delight that she would have 72 pence change from one pound after she had bought her Mars  bar. As a young teacher, I realised that my focus on national standards had limited my own expectations about what this child could do. 

         Try to avoid getting hung up on evidencing what you have planned and provided. Taking photos of and writing lengthy documentation about what you have covered in a day or week is no indication of what the children have learnt. Shift the focus from what you are doing as a teacher to what your children know and demonstrate in their daily lives at home and in school.

         
Idea 1.2 Looking through a mathematical lens
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         Anything we do can be described from a mathematical perspective. It can enrich and help us to understand our world a little better. Imagine a child climbing a tree. There may be little to suggest that they are doing anything mathematical in this act. Yet if we stop and think, there is quite a bit of maths involved:

         
            [image: ] Constant estimation: will this branch be strong enough to support my weight? Can I reach the next branch? 

            [image: ] Informal measurement: is the branch too thick for me to hold? How much longer before I reach the top?

            [image: ] Ongoing problem-solving, critical thinking and reasoning: which branch is the best to use now? What ones are best avoided? Will I be able to get down from here?

            [image: ] Position and movement: will my body fit between the branches? Can I climb through and up?

         

         Take opportunities to observe children playing outside and look at what they are doing through a mathematical lens. Write down your observations and share them with colleagues. It is important that you articulate your thoughts so that you can practise using mathematical language and are precise when doing so.

         
Idea 1.3 Unpicking the maths

         To help you unpick the maths, you need to get to grips with the specific maths you observe. In the photo a child has laid out a line of objects – it is an example of pattern making.

         To break down observations, ask yourself questions such as:

         
            [image: ] What do you mean when you say ‘pattern making’?

            [image: ] Tell me more about this idea …

            [image: ] What is the maths involved in this aspect of pattern making?

            [image: ] What would motivate this child to extend their pattern making?
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          Once you step beyond the generalisation of pattern making in your thinking, then a range of possible lines of development emerge. You can see that the pattern is a repeating sequence of three objects. Furthermore, the sticks are in descending order of size. Now it is easier to consider ways of extending the learning, such as:

         
            [image: ] Extending the pattern – could the child add in a fourth object to the sequence?

            [image: ] Changing the pattern to make it different but equally interesting.

            [image: ] Recreating the pattern yourself but changing an attribute or aspect to see if the child or other children can work out what you have done.

         

         
Idea 1.4 There’s maths everywhere

         Keep a maths diary for a day when working with the children. Every time you see a mathematical moment, jot it down. For example, if you have free flow between indoor and outdoor spaces, this is number bonds in action: if there are thirty children in your class and twelve are outside, then eighteen must be inside. Then one child goes to the toilet and suddenly the number bond becomes compounded into 17 + 1 + 12 = 30. From here, you can begin to see the maths in everything!

         
Idea 1.5 Developing your mathematical vocabulary and knowledge

         As educators we need to be able to understand and apply mathematical terms. For instance, if you don’t know what the difference between cardinal, ordinal and nominal numbers is, then take the time to find out. An online search of children’s maths websites or video clips is a friendly starting point; some of the explanations on adult websites can get unnecessarily complicated.

         Talk with your team to develop a shared understanding and agree definitions – take, for example, the difference between weight and mass. In their everyday lives, people tend to use the term weight when actually they mean the mass of an object. Thus, you will need to decide how to approach this sort of situation. Mathematical definitions take significantly more effort to embed, so staff, children and their families will need to know and understand the significance of each word.

         Develop pocket-sized prompt cards or put up notices in key places to remind all the adults in your team. This means the children receive consistent messages and maths becomes woven into more of their everyday conversations. The use of word clouds can be a useful visual approach. 
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 Idea 1.6 The mathematical value of loose parts

         It takes time and practice to be able to see and articulate the mathematical value in commonly found materials and repurposed items. It is often dependent upon how a child decides to use an object. A useful exercise is to illustrate the maths potential of an ordinary item such as a bread crate. It works well as a group exercise: focus on creating challenges and problems to solve that you know the children may choose to undertake with friendly support and interest from an adult.

         
            Bread Crates

            Can you find any numbers on this crate? Why are they there?

            How many crates do you need to make a den? Does it matter which way up they stand?

            What can fit inside a crate? Is there anything you can find which is a perfect fit?

            What is the tallest stack you can make with the bread crates? How will you measure its height?

            Is it taller than you and how do you know? Is it possible to make a platform so you can travel from one side of the playground to the other without touching the ground? What is the smallest number of crates you can safely use?

            What objects can be posted through a crate, or several crates stacked up?

            Does the shape of an object affect the speed at which it can fall through the holes? What about the position of an object before you drop it?
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            Can you invent a game which involves posting objects, numbers or money through the bread crate?

            What patterns can you see in the bread crate? Try painting over and around them to find out.

         

         
 Idea 1.7 Parents and my line manager expect there to be proper maths resources outside

         Clarify what your manager or the parents mean by this sort of comment. It is quite possible that they have not had time to consider maths in an outdoor context before, and therefore are looking for the reassurance of a number line hung on a fence or a range of shapes with key words stuck on a shed. In this situation, suggest that those who are concerned spend some time with you outside, where you jointly consider what is working well and what could be even better. Remember to:

         
            [image: ] Ensure that your maths resources are clearly labelled and accessible.

            [image: ] Draw the visitors’ attention to children’s mathematical play and explain how you build upon this (see the table in Idea 1.11).

            [image: ] Play one or two of your children’s favourite maths games outside – there are lots of examples in this book. Draw the observing adults’ attention to the mathematical learning taking place.

         

         
Idea 1.8 Learning from what children are doing, not what you want them to do

         It is easy to set up an outdoor space with a preconceived agenda, only for this to be ignored by the children, who have different ideas. This does not mean that the learning is lost but that the emphasis is likely to have changed. When I visited one nursery, pots of water and paintbrushes had been set out beside a wall as a mark-making activity. A child came up to the area, discarded the paintbrushes and started throwing water at the wall. Afterwards, he rushed up to me and asked me to come and have a look at the splashes. From our discussion, I could determine that the child knew the difference between words such as ‘big’, ‘small’, ‘little’ and ‘large’.

         As a result of this interaction, I realised that having a few maths resources in my pocket would be very useful. Since then, I carry a thin one metre rope so that when the children talk about size I can model the measuring process. See Idea 2.14 for other useful pocket-sized resources.

         
Idea 1.9 Making maths personal and meaningful

         Children want maths to be personal to them. For instance, they take pride in recognising a pattern they have created which may match a design on an item of clothing they are wearing. 

         Sit down and reflect upon your interactions with the children during the course of one day. Think about ways in which you could, another time, make explicit links to maths concepts by directly relating the maths to the child and their interests. Very often, there are enthusiasms which can be built upon and developed year on year. For example, dinosaurs seem to stand the test of time, so begin to record and capture any dinosaur action so that you can develop maths through passion-based play!

         
            Dinosaurs
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            What is the actual height of your favourite dinosaur?

            Find something outside that is the same height. How can you be sure it is?

            How many pine cones laid end to end would show this height on the ground? How does this compare to your height?

            How much space would your dinosaur need to make a nest and go to sleep? How many sleeping dinosaurs would fit in your outdoor space?

            Find out the mass of a dinosaur egg. How many stones must you collect to represent how heavy the egg would feel?

            Is the egg heavier or lighter than a car? How can you find out?

            Estimate the size of a dinosaur footprint. Make a life-sized cardboard cut-out and discover what the dinosaur could step on if it ran through your outdoor space.

            How many steps would it take to cross the outdoor space? Do you think this would be different for another dinosaur? How do you know?

            Create a small model dinosaur island for your dinosaurs. How would you separate the carnivores from the herbivores?

         

         
 Idea 1.10 Contextualising the learning

         In each of the forthcoming chapters there are a selection of open-ended ideas for adapting to a range of contexts. I feel that it is important to focus primarily on the maths concepts that need to be developed and on how this can happen outside. However, one of our key roles as educators is to ensure that these ideas are presented in ways which match the children’s interests.

         Over time, you will develop a deep knowledge of what can be done to extend children’s learning based upon their passion for being superheroes or their fascination with worms.

         
            There are many benefits to ensuring that maths is contextualised, particularly outside where the real world can bring the subject to life. For space related maths, the children created the universe in the playground using found objects and made patterns of stars. We stayed in role, put on our astronaut suits and went hunting for patterns in ‘space’ (outside).

            After visiting a garden centre, a group of children drew and measured plants. They weighed soil from the outside planters and created chalk flowerbeds featuring plants of specific sizes on the paving slabs. At one point the paving slabs became the shelves of a garden centre where they drew objects for sale using patterns.

            When I introduced contextualised maths, it became a favourite part of the day – for me as well as the children.

            Linda Reed, head teacher, Garnetbank Primary School, Glasgow

         

         
Idea 1.11 When children won’t play with maths resources

         It is easy to assume that putting maths resources outside will make the children want to play with them. This is a top-down approach which I have found to be largely unsuccessful. Start by observing the children playing outside. What do they enjoy doing?

         On wet, cold days, investigating puddles is popular with the children. When observing children playing in a puddle, a number of themes tend to emerge. I use these to consider mathematical activities outside. 

         
            
               
                  
                     
            
                        
                        	What are children doing?
            
                        
                        	We can extend this play by …


                     
            
                        
                        	Stepping into puddles to see how deep they are
            
                        
                        	
                
                           
                           
                              [image: ] Modelling the use of a measuring stick to see how deep a puddle is

                              [image: ] Drawing a number scale on the back of our boots to measure the depth and showing this to the children

                              [image: ] Wondering aloud if this puddle is the deepest in the vicinity

                           




                     
            
                        
                        	Filling containers, pouring and emptying
            
                        
                        	
                
                           
                           
                              [image: ] Offering different  sizes of container

                              [image: ] Offering different shapes of container

                              [image: ] See Chapter 6 for volume and capacity ideas

                           

                
                           
                            




                     
            
                        
                        	Jumping up and down, making a splash
            
                        
                        	
                
                           
                           Challenging the children to: 

                
                           
                           
                              [image: ] Splash all the water out of the puddle – this is volume displacement in action

                              [image: ] Find out which object makes the biggest splash when dropped into the puddle. Does the mass or shape of the object affect the size of the splash? Does the height from which it is dropped make a difference? How can we record or measure the size of the splash?

                              [image: ] Jump over the puddle – this is exploring the concept of length in a physical way

                           




                  
               

            

         

         Take time to build up a range of challenges, games, questions and experiences linked to the maths resources. Children will be creative and inventive with open-ended resources, but if you have spent time exploring, playing and reflecting upon the resources, you will be able to facilitate the next steps more easily because you know the range of possibilities.

         
            
[image: ]
            

         

         
 Idea 1.12 The joy of repeated play

         Within your class, it is very likely that you have a group of children who, when given the opportunity to play freely, will default to a preferred activity or behaviour – for instance, a desire to run around or always choosing to play on bikes.

         Rather than trying to work against the tide of interest, spend time integrating the maths into the children’s favourite play. Very often the children are up for it and interested if you are too.

         On the following pages, ideas for each of these interests have been pulled together to illustrate the possibilities.

         
            How fast can we run?

            Challenge children to time themselves running a particular distance or circuit. Model and show children how to do this by:

            
               [image: ] Estimating the length of time it will take before checking the actual time

               [image: ] Singing a song

               [image: ] Counting numbers

               [image: ] Using a sand-timer

               [image: ] Using a digital device

               [image: ] Using an analogue clock and following the hand that shows the seconds

               [image: ] Using an analogue stopwatch

               [image: ] Using a count-down timer

            

            Does running up or down a hill affect the speed at which we run? How can we find out?

            Races

            What races can we invent?

            
               [image: ] Obstacle courses

               [image: ] Bean bag on the head

               [image: ] Potato and spoon

               [image: ] Bunny hops

            

            Who came first, second and so on? How can we record this?

            How many children can run at once? How can we make this happen without bumping into each other?

            Where can we race to? On a walk this may be a feature such as a gate where we stop and wait.

            How many laps can we run?

            Can someone check and record the number of laps?

            What if we cycled or pushed a trolley instead of running? How does this change the speed and distance that we travel?

            
               
[image: ]
               

            

         

         
            Creating running tracks

            What do we need to make a track?

            How long is our track and how do we know?

            Can we draw a map of our track so we can remember what it looks like?

            Collecting games

            What is the fastest time in which we can pick up objects, and can we sort them correctly when we put them elsewhere?

            Can we run to different stations and do a physical activity? For example:

            
               [image: ] Ten star jumps

               [image: ] Run round a tree three times

               [image: ] Touch the ground then jump up five times

            

         

         
            How far can you run, and how do you know?

            Estimate and check using a range of standard and non-standard tools. For example:

            
               [image: ] Trundle wheel

               [image: ] Long tape measure

               [image: ] Piece of rope marked with metres

               [image: ] Timing ourselves as we run using different timers

            

            Wonder aloud how to find out how far it is to a key feature and how long it may take to get there. Encourage estimates.

            Position and movement

            Suggest to the children that they place equipment to move up and over, through, under, etc.

            The children can photograph each other and add simple labels to a story or sequencing book about their activity.

            Encourage the children to make simple games that involve running around or moving through the equipment.

            How many steps does it take us when we run to different places outside?

            How can we record where we ran to and in what order?

            Is it quicker to run as a relay team?

            Would carrying something make us faster or slower? How can we find out?

            In how many different ways can we get from A to B? Can we walk, run, move sideways, etc.?

            Recall what happened using ordinal language: first, second, third, etc.

         

         Playing with wheeled toys is a natural extension of running around. The table below shows possible lines of development that extend the running around section.

         
            Developing a sense of space and shape

            Do we have enough space to park the bike?

            Can we park accurately between the lines?

            What happens if we park in the wrong place? What will be the fine for removing the wheel clamp or getting the bike back from the bike pound?

            Challenge children to create rear-view mirrors – a practical introduction to symmetry.

            Position and movement

            Can we reverse park?

            Which bike is best for:

            
               [image: ] Manoeuvring around the outdoor space? 

               [image: ] Building up speed?

               [image: ] Carrying a heavy load?

            

            Exploring pattern

            Which bike has the best tread pattern? Can the children recognise the different bikes by their tyre pattern?

         

         
            Number matters

            What numbers would you put on your number plate and why? Can you read the numbers?

            Number the bikes. Has the correct bike been parked in the correct bay?

            Are locks needed to park the bikes safely? How do we use a combination lock?

            Do we need a licence to ride the bike? What is the date of issue, licence number and expiry date?

            
               
[image: ]
               

            

         

         
            Create a bike hire shop

            Hire your favourite bike:

            
               [image: ] Find the correct change to pay for the duration of the hire time.

               [image: ] Note the hire time.

               [image: ] Book your turn by signing your name on a chart depicting the choice of bikes available and their attributes: colour, type, number of wheels, etc.

            

            Offer free one litre bike washes

            If more than this volume of water is used, then the children must pay for the extra litres.

            Use a ten litre jerry can to share out the correct amount of water into one litre tubs.

            Attach a one litre milk bottle with a small hole at the bottom to a bike. The child must fill up at a garage once it is empty – just like petrol. Don’t forget to put the cap back on!

            Weight and mass

            Provide trailers for carrying different loads. Which objects are the heaviest and require more effort to transport?

         

          Natural environments also lend themselves to repeated explorations.

         
            Poking mud with a stick

            How deep is the mud and how can we work this out?

            Is there is enough mud to collect in a tub?

            I wonder if you can …

            
               [image: ] Find a stick long enough to poke in the mud?

               [image: ] Find anything that is light enough to stay on top of the mud?

               [image: ] Find anything heavy enough to sink into the mud?

               [image: ] Make a hole that won’t be refilled with mud?

               [image: ] Smear mud in a very thin layer on the ground?

               [image: ] Lift up a large dollop of mud with your stick?

            

            How many little sticks can be pushed into the mud with your big stick?

         

         
            How far away from other children do we need to be when playing with mud? How can we measure this distance?

            Does the time of year or season affect the properties of mud?

            When is the mud dry? When is it most wet and runny?

            
               
[image: ]
               

            

         

         
            How far can we safely flick mud and how can we measure this? Footprints? Sticks laid end to end? Or something else?

            What patterns can we make in the mud with a stick? How long do they last before they disappear?

            What type of stick works best for poking mud? Is it …

            
               [image: ] A long or short one?

               [image: ] A wide or narrow one?

               [image: ] A heavy or light one?

            

            How high can you lift your stick before smacking it into the mud? Does the height at which you lift your stick affect the sound made, or is it how hard you hit the mud?

            How hard do you have to hit the mud before splats occur? How many splats can you make?

         

         
            1 The Children & Nature Network features a comprehensive collection of research which is curated and updated at: http://www.childrenandnature.org/learn/research/.
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