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Awe and wonder- science, mathematics, and the outdoors.

Children who have opportunities to play outdoors benefit from a range of advantages to their physical, social, and cognitive development. Evidence collaborated by researchers at Loughborough University (2017) has shown that the experiential learning they get in the natural environment equips children with transferrable skills that are essential to lifelong success and academic achievement. Examples of these skills are those listed by Bernard (1991) quoted by Gull, Goldstein and Rosengarten (2017) in his description of a resilient child, as one who possesses  problem solving skills, autonomy, social competence and a sense of purpose. Although this research is 32 years old, the importance of these skills endures in up to date educational models such as the curriculum for funded non-maintained nursery settings (Welsh Government, 2021)  whose four purposes to support Ambitious, capable learners, Enterprising, creative contributors, Ethical, informed citizens and Healthy, confident individuals,  expand on these traits and work to develop them in Early Years settings in Wales.
The child development models and theories cited in this essay agree that the outdoor environment is a valuable resource to achieve these goals.
Early Years practitioners are able to capitalise on this rich and stimulating environment to promote the development of Maths and Science through stimulating curiosity and creativity via child led, play based activity.
Richardson (2014) refers to the vision statements of the Early Years Foundation Phase (England) to describe the role of the adult as an enthusiastic and knowledgeable facilitator, with the ability to unlock the potential of the outdoors, creating a safe and enabling environment  that will allow children to engage in free play that supports their holistic development,  stimulating their curiosity and encourage them to experiment and take risks.
The New curriculum for Wales describes iteration of skills and ideas as important to the development of problem solving skills essential to the progression of scientific skills (Welsh Government, 2019), This statement is backed up by White (2014) who tells us that the outdoor environment offers opportunities to experiment and repeat ideas and skills through playful experiences. White (2014) further suggests that children have a natural inclination to being outdoors because humans are designed to be outside where they are able to benefit holistically from the naturally complex and endlessly fascinating natural world where potential learning experiences cannot be matched by the indoor learning environment.
Goldstein and Rosengarten (2017) suggest outdoor activity is conducive to the development of critical thinking, risk taking and problem solving skills, through trial and error occurring through play, where failure is not perceived as inherently bad, or something that reflects negatively on the child, it is just part of the fun and therefore,  they will not be put off trying again, or doing things differently. 
Wallis (2014) observed a head teacher who encouraged her students to embrace failure in order to become more creative thinkers who are not afraid to explore new opportunities after noticing that very young children who have not yet learned to fear failure, learn very quickly through their play.
Natural artefacts can be gathered, sorted, counted, shared and exchanged. Pattern and symmetry can be found in the wings of insects, leaves, reflections in puddles. We can discover weight and volume by filling and emptying buckets with mud, water and sand. Richardson (2014) demonstrates how these hands on experiences develop a meaningful understanding of mathematics as children collect, count and sort these loose parts, comparing size and shape of real, naturally appealing objects rather than paper based examples in traditional class based numeracy . The curriculum for funded non-maintained nursery settings (Welsh Government, 2021)  reminds adults to model mathematical language to foster enjoyment of the subject as Maths is used all the time in different and interesting ways and should not be something that children dread. Maths is a subject that can trigger an emotional response in adults, including educators, often due to personal failure in the area (Bibby, 2010). There is an expectation that the subject is boring and holding small children’s attention to teach them simple numeracy seems like a daunting task. However, allowing children to discover maths in their everyday environment will result in them using and developing those skills naturally.
Clements and Sarama (2014) describe how a collaborative approach was used in order to teach a class of children with additional learning needs, The teacher allowed children to draw on their own experiences and engage in a creative project using geometric shapes instead of a traditional adult led maths lesson, the practitioner was able to observe mathematical language concepts being explored freely, in an activity chosen by the participants, as they designed and described their work.
Waite-Stupiansky and Cohen (2019) inform us that outdoor environments promotes scientific inquiry in children who are allowed to explore freely, observe changes and indulge their curiosity about the natural world. They begin their own ‘research’ as they wonder and ask questions about their surroundings, this is how they develop an understanding of scientific concepts while they naturally problem solve when playing outdoors, understanding that they need a coat if it is cold, or a hat if it is sunny -  which relates to knowledge and understanding of weather, temperature and cause and effect - how to balance a plank on tyres to make a bridge, which requires children to make and explore balance and proprioception. They may start engaging in metacognitive talk, where they use ‘thinking language’ (St. Matthew's Research School, 2021) to verbalise and discuss ideas as they build on their own knowledge and hypothesise with a more knowledgeable other, Vygoytsy theorised that cognitive growth is maximised when an appropriate challenge is set by the more knowledgeable other (McLeod, 2014), not necessarily the adult, the other children at play will all have their own ideas and  experiences that can influence each others learning and confidence as they engage in collaborative, child led learning (Istead and Shapiro, 2014).
‘Loose parts theory’ was developed by Nicholson (1971) who describes Loose parts as ‘variables’ which spark the curiosity and imagination of children who will use them in open ended play to collect, build, create and learn (Gull, Goldstein and Rosengarten, 2019) In the outdoors, variables you can expect to see would be sticks, mud, leaves, pine cones, wildlife wind and rain. Outdoor environments are naturally ever changing which provides valuable experiences that can challenge children and enhance their scientific knowledge (Priyanti and Warmansyah).
Because variables are non-prescriptive, children instinctively use their creativity to assign meaning and purpose to loose parts, for example, using sticks as tools or swings. Enabling adults can enrich the outdoor area by adding resources such as tools, containers, magnifying glasses, tyres and ropes for children to examine the environment more closely and experiment with the natural resources. Influential models of education such as Montessori, Waldorf, and Reggio Emilia education advocate the need for experiential learning in order to acquire the skills needed for a fulfilling life. Playing with a variety of loose parts supports learning across these approaches (Aljabreen, 2020).
Nicholson argued that the degree of creativity and innovation a child presents is directly proportional to the number of variables they have the opportunity to explore in their environment, so the outdoors is an abundant Loose parts resource as it is rich in Variables. Similarly, Gibson (1979) suggested that objects are ‘afforded’ different meanings and purposes, unique to the person engaging with that object, so one person may see an uprooted tree whereas another sees a pirate ship. 
Adults must have confidence that the children are capable in their play and resist the urge to define or over explain, but support meta cognitive talk to build their existing knowledge and scaffold emerging skills (Istead and Shapiro, 2014).
Risky play can reinforce learning by giving children a multisensory experience that connects them to their sense of proprioception – the innate ability to sense where your body is in relation to the environment – this requires the skin, muscles and joints to be stimulated and helps children develop spacial awareness, make judgements about weight, height and forces (Way Tong Chu, 2017). Effective kinaesthetic activities that develop children’s proprioception can be found as a daily activity in Forest schools, a Danish model of outdoor learning, the role of the adult as facilitator, and not a director of learning,  who works in collaboration to negotiate boundaries and allow children to explore risk safely outdoors so they can climb trees, move heavy objects to build dens, roll down hills and roam the uneven surfaces found on forest floors (Waite 2011).
Forest schools are often more inclusive than indoor classrooms as they give children the space and freedom to direct their own learning (Kemp, 2020), however, Riquelme, Hatem, and Montoya (2016) remind us that extra care should be taken to ensure neuro divergent children are not being overstimulated during these activities, and be aware that any child who has an adverse reaction to tactile stimuli could also experience less developed motor skills, therefore, Early Years workers must practice inclusion by controlling for this likelihood and monitoring their play more closely to prevent a negative experience that could adversely affect the child’s self-esteem or cause them to harm themselves unnecessarily during outdoor play.
The value of outdoor play for its propensity towards physical play was recognised in Wales when developing the Foundation phase (Welsh Assembly Government, 2009) where it is described as ‘vital’ to children’s holistic development and encouraged using  the Forest School model to bring children’s learning outside.
This physical, experiential learning addresses many of the rights outlined in the United Nations Convention on the Rights of the child, such as a child’s right to grow up healthy (article 6), the child led approach respects the child’s right to say what they think should happen and be listened to (article 12), the right to learn and become the best they can be (articles 28 and 29), and the transferrable skills of assessing risk and danger for themselves supports the right to be protected from doing things that could harm them (Children’s Commissioner for Wales, 2023).
Ensuring children has access to safe, child led play in outdoor environments has been proven to contribute to the development of holistic wellbeing, opportunities to develop physically through physical play ensures children grow and develop a healthy appetite and regular sleep pattern which contributes to healthy brain development, without which, the learning of Mathmetics and Science would not be possible (NCT, 2017). It also unlocks the joy of learning and experimentation and increases resilience, which are qualities essential to children becoming the creative contributors that The New Curriculum for Wales seeks to promote,  (Welsh Government, 2023) With the appropriate outerwear and attitude, Early Years education can provide a high quality  mathematic and scientific curriculum that is Child centred, inclusive and proven to have a positive effect on lifelong learning across these area’s of the curriculum and build confidence and self esteem that will improve cognitive, physical and social development of children overall.
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