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Using an Outdoor Space to Promote and Support Childrens Scientific and Mathematical Thinking. 

Introduction.
Personally, as a child the prospect of a maths lesson in school brought a sense of dread and impending boredom. I never got a grasp of basic mathematical concepts that other children in my class seemed to have acquired. It took me longer to work out sums and even now as an adult I still try to stay clear of mathematical problems. Had my mathematical skills been nurtured from an earlier age, I might have had developed better understanding. However, I always loved science, and I accredit this love to being allowed to ‘experiment’ in the garden when I was very little. I spent countless hours making mud pies and potions, lighting fires with damp matches, even naughtily mixing chemicals from the garage with my mom's expensive soaps to see what would happen (I do not endorse the latter). I soon developed a love for science and began to read and research things on my own. By the time I was in school, I enjoyed having a good understanding of basic scientific principles from an early age. Had maths been a focus of my outdoor adventures, I might have enjoyed it a bit more. 
Although the idea of a maths lesson being outside in the mud rather than a classroom with pencils and paper is strange, the concept of outdoor learning for teaching science and mathematics is becoming increasingly popular. This paper will delve into a hypothetical scenario for an outdoor learning space that is suitable for supporting scientific and mathematical thinking in children, and how adults can support this. 
The Chosen Environment
Figure 1 is my own photograph of a beautiful area where I often take my dog for a walk. The entire location has lots to offer in terms of childhood enrichment, but I have chosen this specific area for its abundance of scientific and mathematical learning opportunity, which I will go into more depth about later. I will first begin by describing and presenting the prospects of the location. The main feature is the shallow pond which contains affluent species of flora and fauna that would be interesting to young minds. I like this pond as although it looks big, it is very shallow, meaning that small children could very easily stand in it, provided that they wear wellies!
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                          (Figure 1) (Own Image,2024) 
Around the pond there is soft grass that children can play and sit in, and there is a small grassy knoll that overlooks the water. Just behind where this picture was taken is a sheltered area with lots of trees and there is an interesting pile of logs that houses many species (see figure 2).
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                                                                                 (figure 2) (Own Image, 2024)

Ideas for Scientific Development. 
1. Species Identification. The area in figure 1 is ideal for allowing children to explore our local biodiversity. According to The Royal Society (2024), Britain has more than 70000 known species of animals, plants, fungi and microorganisms. I am not claiming that all 70000 live in this pond, but I have sat with a flask of tea and seen many different animals in this region. I would suggest pond dipping as an activity that could enhance scientific understanding in children. Wesley (2019) of the Woodland Trust explains that only a few bits of equipment are needed for this activity, this includes a net, a light-coloured tray and a magnifying glass. Children can scoop up insects and animals that they see in the water and place them in a tray for observation. I like this activity as it is easy to do, and I remember doing this in school when I was little. This location is perfect for pond dipping, not only for its biodiversity, but also because the water is shallow and therefor safe for little ones to stand and be near. Adults can facilitate the task by labelling what the creatures are to the children, but at an early year's level, I believe it is more important for children to understand the concept of biodiversity rather than memorising species names. Biodiversity refers to the variety of animal and plant life in an environment and it can describe a small part of a rainforest, the whole Earth, or any habitat in between. 
2. Quadrats. These are square frames, usually 1 m2 and made of wood or wire. They are placed on the ground and used by scientists to count how many species are in the area. Plant species and slow-moving animals like snails and slugs can be counted in the 1 m2 square and multiplied by the size of the area. This gives researchers the rough estimate of the number of species found in one place. I believe this could be a fun task to do with children. However, the maths involved could be a little bit tricky for small children, the task itself is easy and permits children to understand the vast number of different species that live around us. The area in figure 2 just behind the pond is perfect for using quadrats with children as there are many different species of plant dotted around and it is safe and sheltered for the children. 
3. Does it float? It makes sense to take advantage of the big pond in figure 1 and do some experiments with the children to do with buoyancy and chemistry. Different items from the area can be picked by the children and then placed in the water, allowing them to see what floats and what does not. Allow the children to estimate what items they believe will float and question them on why they think this is. Giving children the chance to experiment and question things in an environment where they are safe and have “free range”, fuels their curiosities. Often in early years settings, children are discouraged from making messes and experimenting, which is one of the benefits of having a safe outdoor area like the one in figure 1, as here they can play and develop instances where they learn and be curious. 

Ideas for Mathematical Development. 
1. Counting Items. It seems like an obvious task, but asking children to count various items from the area can be a simple and effective way of instilling a basic mathematical concept that we all use every day. I would make a game out of it to create some enthusiasm for the children, for example, who can find 10 pebbles first? This can link well with the scientific element of a natural space. You can link counting to the Quadrats experiment, or the Species Identification to build children's knowledge and understanding of how mathematics is used. 
2. Leap Frog. This game is enjoyable for children, and it is also good exercise. The practitioner can shout out a number that the children must reach by jumping over each other, counting as they go. Figure 2 would be a suitable are for this activity for younger children as the area is flat and lacking in trip hazards, but the pond in figure 1 could be used by children more confident in their movement, as the pond is shallow and safe to stand in. I have seen children who dislike maths, and who struggle with counting play this game with no issues as children can be “tricked” into learning! They do not know they are learning when they are having fun. A challenge for children who have a stronger grasp of counting can be to count in 2’s or even 3’s. This means that they can begin to understand multiplication and the times tables. 
3. Measurment. This is a mathematical concept that young children can develop an understanding for easily in outdoor spaces. Staff can begin by showing children that two items can be different sizes. Children can be encouraged to find other items that are smaller or larger than the practitioners' examples and you will soon observe that children will begin comparing amongst themselves. This is the basic understanding of measurement. Finding suitable items will be easy in the area in figure 1, and the space is safe enough to let children explore a bit to find things to measure. You can show children how to measure by finding two objects, one quite large (I suggest one of the logs in figure 2), and one small like a stick. Hold the smaller object parallel to the large one and measure the length of the larger object using the smaller for scale i.e “the log is 6 sticks long”. The aim is to get children to measure their own objects that they find in the area, which will introduce them to a new skill that can be developed into a strong mathematical understanding of measurement. 



Example Risk Assessment. 
	The Activity.
	The Benefits of the Activity.
	The Potential Risks or Hazards of the Activity.
	Who Could Potentially be at Risk?
	Precautions to be Made to Reduce Risk. 
	Overall Risk.
Rating: Low, Medium, High

	Species Identification
	-Strengthens understanding of biology.
-Focuses on biodiversity
-Brings children close to nature.
-Enjoyable and fun activity. 


	1)Pond is shallow but could pose a potential danger.
2)Harmful plants. 
3)Harmful animals could be present in the water. i.e Leeches

	All could be potentially at risk. See precautions.
	1)Children can wear wellies and will be always supervised near the water. 
2)Children will be supervised.
3)Children will be supervised and will not need to touch the water physically. 
	Risk will be low in this task, there are very little dangerous animals and plants in the area, activity will be monitored by adults. 

	Quadrats
	-Strengthens understanding of biology and biodiversity. 
-Task requires teamwork which strengthens communication skills.
-Utilises maths and science link. 

	1)Harmful animals and plants could be in the area such as nettles and thorns.
2)Pond is shallow but could pose a potential danger. 
3)Area in figure 2 can contain trip hazards. 
	All could potentially be at risk. See precautions. 
	1)Children will be closely supervised by staff and could potentially wear gloves for safety. 
2)Children will wear wellies and will be supervised. 
3)Children will be supervised. 
	Risk will be low in this task. Children will be always supervised and can wear gloves if need be. 

	Does it Float?
	-Creates understanding of buoyancy. 
-Ignites imagination and encourages experimentation. 
-Encourages questioning. 
-Enjoyable and fun activity. 
	1)Pond is shallow but could pose a potentially danger. 
2)Harmful animals and plants could be in the area. 

	All could potentially be at risk. 
	1)Children will wear wellies and will be supervised.
2)Children will be closely supervised by staff.

	Low risk task and children will be closely supervised.

	Counting Items
	-Creates foundations of basic mathematical concepts.
-Can be fun and engaging. 

	Harmful plants and animals could be present.
	None at risk. 
	Children will be monitored and supervised. 
	This task will be low risk as children will not have to touch anything. Children will be always supervised. 

	Leap Frog
	-Creates opportunity for exercise. 
-Fun and engaging activity.
-Strengthens basic mathematical concepts.
-Requires teamwork which strengthens teamwork skills.
	1)Harmful plants and animals could be present. 
2)Activity requires confidence in movement and falls could take place. 
	All could potentially be at risk. 
	1)Children will be closely supervised. 
2)Children might fall over due to the nature of the activity, but children will be supervised by staff. 
	Some risk may be involved due to the nature of the activity requiring jumping. Should be safe with staff supervision. 

	Measurment 
	-Teaches valuable mathematical concept.
-Fun and engaging
-Encourages independent thinking and discovery. 
	1)Potentially harmful plants and animals could be present in the area. 

	All could potentially be at risk from harmful plants and animals. 
	Children will be supervised closely by staff. 
	No risk will be involved in this task. 






This is an example of how one would create a risk assessment for the activities written above. Risk assessments look at possible problems and determine how likely they are to happen, and what the outcomes could be. It also checks what levels of risk are acceptable and the results can be shown with numbers or in a general way. In this example, risk was rated either low, medium or high after the precautions were put into place. Health and Safety Executive (2011) outline five steps that ensure a risk assessment is most effective. The process begins with identifying the hazards. Next, determine who might be harmed and how. After that, evaluate the risks and decide on the necessary precautions. Once the situation has been assessed, record the findings and put them into action. Finally, regularly review your assessment and make updates if needed. When teaching children in schools and kindergartens, the area is often more controlled than an outdoor space. Often practitioners have considered potential dangers in their classrooms and have already put precautions into place, teaching outside can be more unpredictable, so it is important to consider carefully and find all risks for the wellbeing of the children in their care. 


How can adults support science and mathematics outdoors?

People need to spend at least 2 hours a week outside according to Gilchrist (2019) as it is important for both mental and physical health. Scott et al (2022) explains that the benefits that humans experience from spending outside include improved physical health, mental health and wellbeing, and even creativity. Results from a study by the HM Government (2014) highlighted that people who spend at least 120 minutes in nature each week are much more likely to report better health and higher psychological wellbeing compared to those who do not spend time in nature. Importantly, it does not matter if the 120 minutes is spent in one visit or spread out over several shorter ones, and the benefits apply regardless of gender or age. Children especially benefit from spending time outside. NI Direct (2018) emphasises the benefits of time spent outdoors on children's physical health. They write that outdoor play and the space and freedom it provides encourages physical activity which helps to prevent obesity. Activities like running and chasing improve fitness, agility, and stamina, while jumping and climbing strengthen muscles, bone density, coordination, and balance. According to researcher Santoso (2022) there are also mental benefits of children spending time outside. Exposure to nature positively impacts several aspects of children's health and well-being, including cognitive development, attention skills, motor development, and social resilience. Children need to spend time in natural environments as they not only enhance their mental and physical abilities but also develop stronger social behaviours, making nature contact beneficial across multiple areas of growth. 
Being outside can facilitate learning. According to Prins et al (2023) there have been studies on children's play outdoors linking to the increase in their development of language skills, that translates to other subjects such as maths and science. The natural environment outdoors creates opportunities for children to communicate amongst each other in an environment that facilitates this. The idea that the research done by Luchs and Fikus (2013) at Dutch schools, is that indoor spaces can be artificial, and “forced”, therefor placing children in natural, outdoor environments create natural communication that allows them to thrive. Outdoor spaces also provide resources for learning that are free and plentiful that can help children grasp scientific and mathematical concepts. For example, the website Learning Through Landscapes (n.d) highlights the use of naturally occurring objects such as stones and pebbles for counting and dexterity and using sticks as levers to show balance and weight. This idea links well to the already established, early years concept of spare parts. The pedagogical approach to using loose or spare parts encourages children to direct their own learning through everyday objects rather than traditional toys. This concept was introduced by architect Simon Nicholson (quoted in PACEY, 2019), who emphasized the benefits of a loose parts environment for child development. In his article, Nicholson defined loose parts as "anything that satisfies curiosity and brings the joy of discovery and invention." Loose parts foster a type of experimental play that is particularly valuable because, as Nicholson noted, "children learn best in a laboratory-like environment where they can experiment, enjoy, and discover things on their own." Many would disagree with Nicholson that children learn best in a “laboratory-like” environment, such as Montessori who said that “There must be provision for the child to have contact with nature; to understand and appreciate the order, the harmony and the beauty in nature.” (quoted in Montessori Partnership, 2021).  
Children are born ready to be and learn outside and with increasing sedentary lifestyles, movement outside is a critical life opportunity according to Solly (2022) who writes that spending three hours outdoors in fresh air each day significantly benefits both brain and body function which in turn facilitates learning through movement. Movement can support scientific and mathematical learning in the Early Years as children understand and experience the world physically. Researcher Piaget (quoted in McLoed,2024) understood that children experience the world physically through movement and experimentation. He believed that children actively build their understanding of the world instead of just passively taking in information which highlights their role as "little scientists," as they explore and interpret their surroundings. This is a concept that is backed up by Einstein (cited by GoodReads,2018) who famously remarked, "Play is the highest form of research." This quote suggests that participating in play activities promotes creativity and exploration, while also encouraging children to learn and discover new things through hands on experiences. Children have concrete experiences of mathematical and scientific concepts. When they play, they feel the forces and energy when they swing, roll and jump, hit and bang objects. These forces are sound, kinetic, heat, gravity and friction and children are experiencing and “building a relationship "with these scientific principals without even truly understanding them. They may not understand them, but they can experience them through play and movement. Play is one of the most important ways in which young children gain essential knowledge and skills, according to UNICEF (2018). Outdoor spaces provide safe spaces where children can “experiment” and play with these scientific concepts. Adults can facilitate this scientific and mathematical play by creating outdoor spaces that are safe for children to experiment and explore. Haydock (2024) writes that spaces can be made both safe and enriching for children. Making sure flooring is soft, by using materials like wood chippings and allowing the presence of plants to create a natural and interesting environment are some ways that a good outdoor learning environment can be achieved. This can be done by creating risk assessments (see above) that allow practitioners to see what needs to be changed to make places safe. Northumberland Education (2024) explain that risk assessments involve a thorough examination of practitioner's childcare provision to identify potential risks or harm to staff, children, and visitors. It is essential to pinpoint where individuals might be at risk and what those risks are, as well as to consider precautions that can be implemented to prevent incidents. Conducting risk assessments is crucial for ensuring the safety of everyone on the premises and for minimising the likelihood of accidents and injuries. 
Providing children with various opportunities to explore and express themselves fosters creative outdoor play. This can include using chalk, engaging with loose materials (spare parts) like blocks, sticks, or fabric, and participating in activities such as nature crafts and den building, which encourage creativity with uncommon materials. The main goal of practitioners should be to ensure that children feel safe and comfortable. While many children are naturally adventurous outdoors, some may feel hesitant. By being attentive to the group as a whole and offering support to those who might be feeling uncertain, you can help encourage everyone to participate, especially in instances where the discussion is more challenging in terms of scientific or mathematical study. Play and experimentation in the early years should, according to UNICEF (2018), allow children to take an active role and feel ownership of their experiences. Staff should recognise and trust that children are capable, independent, and in charge of their own learning through play. Practitioners should not interfere with children's learning but should instead facilitate their activities and aid if necessary. 
Adults can facilitate learning by utilising metacognitive talk which essentially refers to someone verbalising their thoughts while performing a task according to Cambridge University (n.d). In this case, adults can be the voice inside children's heads and verbalise thoughts for them, to spark their own interests and thoughts. For example, when engaged in an activity outdoors, the adult can ask questions such as, “I wonder what will happen if....” or “why that does that do that”? The Education Endowment Foundation (2023), suggests that starting a dialogue with children, utilising metacognitive talk, can give children the confidence to ask these questions themselves that will create new learning opportunities. It also becomes clear that this facilitative behaviour can be a way to encourage conversation between young children, which will improve social skills, especially in these outdoor activities where teamwork and group skills are so often used. Allowing children to ask their own questions is also a way to support mathematical and scientific learning. Chouinard (2007) writes about scientific study into children's questions and how practitioners can answer to help them learn. Firstly, it must be understood that children must ask questions to learn, and adults should not dismiss them, and they need to receive useful answers for their development. However, according to research by Chouinard (2007), children should be motivated to get the information themselves and guided (see scaffolding), not just given the answer immediately.
Vygotsky (1978, quoted in Teaching Hub, 2023) mentioned in his studies, a method that practitioners can utilise where a learner receives initial support from a more experienced educator, allowing them to eventually gain independence. A term that is now called “scaffolding” (Wood et al,1978, quoted in Zydney,2012). While it has become a widely used term in education, it's important to clarify how we can contextualise it and what it truly means in practice. Just like real scaffolding which is a temporary structure that is used to support a building while it is being built, “scaffolding” in the Early Years is support provided by the practitioner to help the child to learn and grow and is only temporary until the child can learn and grow themselves with less support. This does not just have to be verbal support that is most common in teaching, Gonulal and Loewen (2018) highlight that support can be provided in many ways such as pictures, videos and analogies that can aid young children in their learning.
Another aspect of early years education that is important for supporting scientific and mathematical study is observation and evaluation. Rosa (2015) explains that observation is a key part of everyday professional practice when working with children as it helps identify the specific needs of each child by watching, listening, and noting their activities. Observing allows practitioners to understand a child as an individual, which is especially important in larger group settings such as preschools. Gowrie (2023) that as part of the continuous cycle of assessment and planning, observations can focus on individual children or small groups. This allows educators to interpret children's play, behaviour, and learning styles, and adjust their teaching methods accordingly. Practitioners can see where children are struggling or even excelling in certain areas and adjust the education to fit each individual child. This is all part of the observation/ evaluation cycle. Wixson (2021) writes that the observation cycle is a continuous process that involves observing, planning, and evaluating a child's progress. This cycle allows educators to track development effectively. In contrast, summative assessment evaluates a child's achievements across various subjects over time by combining the results of formative assessments. Together, these approaches provide a comprehensive understanding of a child's learning journey which can in turn facilitate a child's learning in subjects such as maths and science.
In conclusion, adults have a key role in helping children learn science and mathematical concepts outside. By creating fun, hands-on experiences that encourage exploration, adults can encourage children's curiosity and deepen their understanding of these subjects. Guiding children through their discoveries and helping them connect what they see in nature to scientific ideas, as well as using real-life situations to practice math skills, makes learning more meaningful. Additionally, ensuring outdoor spaces are safe and welcoming allows all children to get involved and enjoy the learning process. Ultimately, by embracing the many learning opportunities that outdoor settings offer, adults can inspire a lasting interest in these subjects, helping children build the skills they need for their future. 
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