ECEY5005- Awe and Wonder- Science, Mathematics and the Outdoors
Part 1
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Part 2
Monday 2nd September 2024, a group of curious children aged 3-4 years were ready to embark on a day of learning and experimenting within the woodlands, with myself and two other staff members. The towering trees with their rustling leaves beckoned them to explore, and the woodland became their open-air classroom. The woodlands were not only a place of wonder but also a natural environment where mathematical and scientific concepts could be learned through play. The forest was a magical place full of trees, flowers, and little animals. But it was also where the children learned all sorts of fun things, like counting, shapes, and science, without even realising they were learning.

9:15am: The children arrived at the woodlands where we found ourselves enclosed by a world of earth tranquility. The children immediately began to explore, they giggled as they moved their arms and legs, watching their shadows copy their movements. "My shadow is so long!" said Child A, stretching her arms out wide. "Mine is tiny!" laughed child B, as he crouched down low to the ground.
I smiled and said, "Can you make your shadow grow tall like a tree? Or small like a bunny?" The children jumped up and down, trying to change the size of their shadows. As they played, they began to learn that their shadows changed depending on how they moved and where the sun was in the sky. Next, I had the children look at the trees. "Look at the shadows the trees make”. The children noticed how the big trees made long, dark shadows on the ground, while the smaller bushes had shorter shadows.
"Let’s find other shadow friends in the forest" yelled child C. The children excitedly searched for shadows made by rocks, plants, and even the leaves on the trees. "Look! The bird flying in the sky made a shadow on the ground!" shouted child B.
By playing with their shadows, the children learned that the sun and shadows are connected. They discovered that shadows change size and shape depending on where the sun is and how they move. Best of all, they learned all of this through play, without even realizing how much they were learning.
9:25am: In another part of the forest, the children found leaves of all sizes on the ground. Some were big and wide, while others were small and delicate. "Can you find a big leaf?" I asked, and the children looked around, holding up the biggest leaves they could find. "Now, find a small one!" she said, and they happily searched for the tiniest leaf.
The children learned about sizes without even knowing it, just by comparing the leaves they held in their hands. They also discovered that different trees made different shapes, learning to match leaves to the trees they came from. Leaves come in various shapes, sizes, and colours, offering an opportunity for sorting and classifying. Child A started to search for leaves on the ground as he wanted to see if he could find an even bigger leaf than he has already found. I encouraged child A to compare each leaf he found to his original leaf, so he was able to compare their size, and was able to succeed in finding the largest leaf.  
Leaves provide an opportunity for children to engage in measurement, this activity supported the child in understanding concepts of length, width, and size.  
9:40am: Down by the stream, the children loved to splash and play. They threw pebbles into the water, watching the ripples spread out in circles. "Let’s see which pebble makes the biggest splash!" Child A encouraged. The children experimented by tossing in pebbles of different sizes, noticing how bigger stones made bigger splashes, and smaller ones made gentle plops. Child B involved himself in the play and started to throw in leaves instead of pebbles. Child B noticed that by throwing leaves didn’t make a splash like the pebbles. “Why aren’t my leaves making a splash?” asked child B, I explained that leaves are much lighter than pebbles, therefore you will need something heavier if you wish to also make a splash. “But, look how your leaf is floating and not sinking like the pebble” I explained. Child B laughed and replied “My leaf is like a boat, sailing through the water”. 
Through this simple game, they learned about cause and effect, how different actions could make different things happen. They also began to understand the idea of size and weight, all while enjoying the fresh water.
10:00am: The wind blew gently through the trees, making the leaves rustle and the branches sway. "Can you hear the wind?" I asked, and the children stopped to listen. The sound of the wind in the trees was like music, and they could even feel it brush against their cheeks.
I extended their curiosity and learning by tying some ribbons to the branches, and the children watched as the wind made them dance. "What makes the ribbons move?" I asked. "The wind!" the children shouted together. They learned that even though they couldn’t see the wind, they could see what it did to the ribbon. "The wind pushes the ribbon!" said Child B. "Exactly," I replied. "That’s energy in motion. Just like when you ride a bike or swing on a swing. The wind transfers its energy to the ribbon, making them move." When the wind would stop the children noticed that ribbons wouldn’t move, child A shouted “wind, come back!” Child C then started to blow towards the ribbon “I can make wind too” she shouted. The children experimented by adding ribbon to their own branches and learning about force, motion, and even renewable energy in a way that felt like pure fun.
10:15am: It was coming towards the end of our time at the woodlands. All children were so engrossed and in awe and wonder of the natural world and resources they were surrounded by. Child A and B were having so much enjoyment jumping in muddy puddles. Child A asked Child B “Do you know how to make puddles?” Child B responded, “By filling buckets of water from the stream and tipping them on the floor” I intervened and asked the children “But do you know how the water gets to the stream?” Child A responded “No, where from?” “The rain from the clouds” I replied. “The sun shines and warms up the water in rivers and streams, turning it into tiny droplets of water vapor. These droplets rise up to the sky and gather together to form clouds. When the clouds get full and heavy, they send us raindrops to create fun muddy puddles for us to jump in”. “So, the sun and clouds work together to give us rain?” answered Child B. “Yes, that’s right” I said, “Without the sun, we wouldn’t have any rain. And without rain, wed wouldn’t have plants, animals, or even muddy puddles!”


Part 4
Engaging young children with mathematical and scientific concepts in outdoor environments is essential for their holistic development (Maaike Ugille et al., 2017). Research indicates that outdoor settings provide unique opportunities for experiential learning, where children can explore concepts through play and direct interaction with their surroundings (Lee and Bailie, 2020).
Outdoor environments offer rich opportunities for young children to explore and learn mathematical and scientific concepts through play and hands-on experiences (Bilton, 2016). Early years educators and caregivers can play an important role in guiding these learning experiences (Watts. 2020)
In early childhood, adults play a large role in supporting and nurturing children’s engagement, fostering their curiosity, and helping them develop socially, emotionally and cognitively (Moyles, 2014). Adults ensure the learning environment is both physically and emotionally safe, where children feel safe to explore, ask questions and take risks (Thomson, 2014). A nurturing atmosphere encourages engagement by making children feel values and comfortable in expressing themselves. Play is essential for young children’s development (Cohen, 2018). Adults can create opportunities for imaginative, unstructured play and engage in children’s play to extend their thinking. By asking questions, offering suggestions, and providing materials, they guide children’s exploration without controlling or guiding it too much, allowing them to lead their own learning (Choi et al., 2018). Allowing children to make choices, solve problems and manage tasks on their own, adults gain a sense of autonomy (Nicholson et al., 2014). When children feel they have control over their actions and learning, they are more likely to be engaged and invested in the process (McCombs, 2020). 
Influenced by Piaget and Vygotsky, constructivism emphasizes that children learn best through active engagement and social interaction (Huang, 2021). Outdoor environments encourage exploration and hands-on activities, allowing children to construct their understanding of mathematical and scientific concepts (Rios and Brewer, 2014). For instance, when children measure the length of sticks or observe the growth of plants, they engage in meaningful, context-rich learning.
According to Jean Piaget’s (1976) constructivist theory, children learn by actively engaging within their environment and constructing own knowledge through experience (McLeod, 2024). In outdoor environments, children can explore mathematical and scientific ideas by interacting with natural elements such as water, leaves, pinecones and rocks.
The Curriculum for Wales shares several core principles with Piaget’s developmental approach, particularly in its emphasis on child-centered, inquiry-based and experiential learning (Thomas, 2018). The curriculum seeks to foster autonomous, creative and critical thinkers (Welsh Government, n.d), which closely aligns with Piaget’s beliefs that children are natural learners who construct knowledge through active exploration and interaction with their environment (Hargraves, 2021). Piaget believed that children go through four stages of cognitive development, the sensorimotor, preoperational, concept operational and the formal operational stage. Each stage is characterized by different ways of thinking and learning, emphasizing that education should be developmentally appropriate, matching the child’s cognitive abilities (Kurt, 2020). The curriculum for Wales adopts a child-centered approach where learning experiences are tailored to the developmental stages and needs of individual children (Welsh Government, 2014). This reflects Piaget’s belief that education should meet children at their current stage of cognitive development (Oogarah-Pratap et al., 2020). 
As adults we can offer and provide open-ended materials, natural objects and loose parts, like sticks, stones and leaves to encourage children’s concepts of counting, patterns and shapes (White, 2019). An example of this is children within a wooded area where they can count how many pinecones they find or even compare the different size and shapes of leaves that have fallen off the trees. 
The encouragement of exploration and problem-solving can also be achieved. Through activities such as building structures with sticks or observing how a pebble sinks once thrown in the river, children engage with early physics concepts, balance, gravity, and motion (Little, 2020). The role of the adult is then to support the play by asking open-ended questions (Wandsworth, 2024), “What will happen if we throw a bigger pebble?” or “What will happen if we throw a stick instead of a pebble?”. This hands-on, exploratory approach is enhanced by research, providing us with that children are more likely to internalize abstract concepts when they engage in physical experiences (Strasser, 2019). Piaget stressed that children learn by actively exploring and manipulating their environment, engaging in processes like assimilation and accommodation. Piaget viewed children as “little scientists” who form and test hypothesis through play and exploration (Costantini, 2021). 
Lev Vygotsky emphasized the importance of children receiving social interactions within learning. Vygotsky introduced the concept of “Zone of Proximal Development”, which is what a child can do independently and what they can do with guidance (Chaiklin, 2023). Adults can scaffold’s children’s learning by providing the right level of support during outdoor learning (Hakkarainen et al., 2013). An example for how an adult can scaffold a mathematical thinking experience for a child, is during a leaf collection, adults can help children identify and sort the leaves by size or shape, guiding them through classification and comparison, which are essential mathematical skills. Adults can extend the learning by asking “Can you find two leaves that are the same size?” This therefore prompts children to engage in higher level thinking and foster collaboration between children (Bodrova and Leong, 2015). By encouraging children to work together to solve problems, such as finding leaves the same size, facilitates peer interactions, adults creating opportunities for social learning, where children can learn from one another and refine their understanding of concepts (Zoggeler-Burkhardt et al., 2023). Moreover, The Wales Curriculum state that teachers and adults in early years settings are encouraged to adopt a facilitator role, guiding children’s learning through open-ended questions, providing resources and creating environments that invite exploration (Welsh Government, 2020). 
Inquiry-based learning is rooted in the idea that children learn science by being able to ask questions, making predictions, and testing their ideas through observation and experimentation (Garcia and Rana, 2018). The outdoor environment is ideal for fostering this kind of learning within children. Adults may encourage children to ask questions about the natural world, such as “Why do leaves fall off trees?” By guiding the children through the scientific process, asking questions, making hypothesis, observing, and discussing the results, adults support children develop scientific thinking (Cremin et al., 2018). Adults can further the play and learning by offering simple tools for investigation, such as magnifying glasses, measuring tapes can inspire children to investigate the world around them (Tunnicliffe, 2015). 
The Reggio Emilia approach, which emphasizes child-led, experimental learning, encourages children to explore and discover their interests in a natural setting (Reggio Children, 2022). In this approach, the environment itself is viewed as a ‘third teacher’, providing opportunities for children to engage with math and science through self-directed play (Biermeier, 2015). If a child shows interest in collecting sticks, adults can extend this interest by encouraging them to explore patterns, textures and counting. Similarly, if children are fascinated by water, adults can create opportunities for them to experiment floating, sinking and pouring, introducing scientific concepts. 
Adults can document children’s explorations through photographs and conversations, which help children reflect on their learning (Albin-Clark, 2020). By children revisiting these experiences, encourages them to see the connections between their actions and mathematical or scientific principles (Stringer and Mcfadden, 2019)
Play is central to early childhood development, and outdoor play in particular offers numerous opportunities or children to engage with math and science (Early Years Alliance, 2022). When children can play freely in outdoor environments, they naturally engage with foundational concepts. Children can engage in play that involve counting, comparing and estimating (NAEYC, 2017). A simple activity of counting sticks or leaves can lead to discussions about quantity, size and shape, supporting the development of number sense and mathematical reasoning. Sand and water play also allow children to explore concepts like cause and effect, measurement, and states of matter (Spledewinde and Campbell, 2022). An example of this is when children pour water into different sized containers, they begin to understand volume and capacity. Adults can enhance this learning by introducing language like ‘full and empty’ and ‘more and less’ (Solly, 2022). 
Outdoor environments offer the chance to connect science with the real world by teaching children about ecosystems, weather and the environment (Worch et al., 2022). Adults can encourage children to observe changes in the environment, such as how shadows move throughout the day or how the weather helps or affects the plants. These observations lead to discussions about light, time and seasons, laying the foundation for early physics and environmental science (Fleer, 2019). By studying insects and plants, children learn and wonder about life cycles, ecosystems, and the importance of conservation. Adults can facilitate this by helping children plant seeds and observe their growth, introducing the idea of cause and effect, as well as basic biological learning (Gurholt and Sanderud, 2016). 
Outdoor experiences not only support scientific understanding but also foster an emotional connection to the natural world, allowing children to become constructivists, allowing to engage with experiences and create their own ideas on how they see the world (Tippins et al., 2015)
Gibson’s Affordance Theory (1966) provides a powerful framework in understanding how children engage with their environment, particularly in outdoor learning (Jones, 2018). The theory suggests that the environment offers various affordances, or possibilities for action, based on the interaction between the individual and their surroundings. These affordances are determined not just by the environment itself but also by the child’s abilities, perceptions, and developmental stage. In outdoor learning contexts, this theory aligns with the way children explore, learn and develop key cognitive skills, especially in areas such as mathematical and scientific development (Waller et al., 2017). Outdoor environments, filled with varied textures, shapes and materials, inherently offer numerous affordances that encourage children to interact, explore and learn (Kiviranta et al., 2023). Unlike indoor environments that may be more structured and predictable, nature provides a rich, dynamic space full of opportunities for discovery. The varied elements in outdoor spaces, such as water, mud and trees, naturally invite children to explore different actions and processes, promoting engagement with the physical world (Aziz and Said, 2016). This aligns with Gibson’s view that children’s interactions with their environment lead to a deeper understanding of its possibilities. Gibson’s theory emphasizes direct perception, the idea that individuals directly perceive what their environment affords them. For children in outdoors, they can immediately see and understand what an object allows them to do, leading to active, self-directed learning (Jorba and Lopez-Silva, 2024). When children interact with objects in nature, such as stacking sticks, they receive instant feedback on their actions, helping them develop scientific and mathematical concepts through experimentation. Furthermore, Gibson’s theory supports child-led learning, as affordances are perceived differently by each child based on their interests, experiences, and developmental stage (Lippman, 2023). In outdoor environments, children naturally follow their curiosity and engage with the elements that interest them, which leads to deep intrinsic learning (Bento and Dias, 2017)
While natural resources certainly offer numerous benefits for children’s learning, it is important to recognise and counter argue that plastic toys can also play a valuable role in the development of mathematical and scientific concepts. Plastic toys are designed with predictability and safety, they are designed with safety standards in mind, ensuring that they are non-toxic and free from small parts that could pose choking hazards (University of Australia, 2024). In contrast, natural resources can vary in safety, children may encounter sharp objects, poisonous plants, or harmful insects in outdoor settings (Kalpoianni, 2019). Plastic toys provide a consistent learning environment that can be easily controlled by educators. This predictability allows for structured play, which can help children focus on specific concepts (Healey and Menelsohn, 2018) without the distractions that can occur outdoors. Furthermore, plastic toys are specifically designed to target certain skills, such as counting or sorting (Onder, 2018). For example, building blocks can help children understand concepts of geometry and balance in a focused way, providing scaffolding for complex ideas. Plastic toys are also designed for often cooperative play, allowing multiple children to engage with the same toy simultaneously (Yazgin, 2021). This can foster social interaction, teamwork, and communication skills as children collaborate and negotiate during play. Toys can be designed to be inclusive and adaptable for various developmental levels. This inclusivity allows children with different abilities to engage meaningfully in play, enhancing peer interactions and friendships (Trawick-Smith et al., 2014). 
To conclude, ultimately the role of adults in early years education is vital for nurturing a love of learning and a curiosity about the world. By effectively supporting children’s engagement with mathematical and scientific concepts in outdoor environments, educators lay the foundation for lifelong skills and interests. This approach not only enriches children’s understanding of fundamental concepts but also fosters essential skills such as critical thinking, problem0solving and collaboration. In embracing the rich potential of outdoor learning, adults can support children thrive academically, socially, and emotionally, creating meaningful connections between their experiences and the natural world around them. 
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