Awe and wonder- science, mathematics and the outdoors
 
Part 1
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                                        (Photo: Danielle Rees - Methyr Mawr Warren National Nature Reserve, Bridgend)
The chosen site was Methyr Mawr Warren National Nature Reserve in Bridgend. The site was chosen because of its varied textures and features, such as sand dunes, greenery, and a gradient, which provide children with a wealth of opportunities for unstructured play.
Another reason for choosing this location is because sand offers multisensory experiences to children as they can immerse their whole bodies when exploring it. It can be sprinkled, patted, moulded, dug and poured; dug up and transported from one place to another; or turned into a landscape. This links to the curriculum which states multisensory experiences should encourage children to communicate and express themselves creatively while giving them the chance to react to and be inspired by the creativity of others (Welsh Government, 2022).
Before the children arrive, the location was inspected to ensure it was safe and secure enough to start the day's activities. Children start to arrive around 9:15 a.m. There are eight five-year-olds in all. I start by asking them to observe and take a glance around at the surroundings. "What is the weather like today, boys and girls?" is my first question. "Cloudy," one boy responds, Although the sky is partly blue on this overcast spring day, I wanted to make sure the children were dressed appropriately for unexpected weather changes. 
After observing their surroundings, which the children were keen to investigate, it became evident to them that there was a vast space to explore, so I wanted to start with an instruction of the safety rules and boundaries and asked them to all acknowledge the rules for the day.

The children seemed to be inquisitive before they set off for exploration, in awe of the sand dunes. “How did the sand get here?” one child asked, to which my reply was “Lets learn about this together?” The following diagram was shown.
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Area 1 – Sand and water station.

Buckets and spades have been added here, along with several pots, pans, and utensils. Different size containers, measuring jugs and toy bulldozers.
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The children seemed to be delighted with this area, filling the buckets with sand to make sandcastles or just simply pouring the sand from one container to the other. I noted the enveloping schema taking place here which according to Welsh Government (2022) is examining size, weight, volume, capacity, space awareness, and volume by fully enclosing or filling containers. Using the containers the children were getting a little more curious testing the weight and seeing who could fill them up to the highest point. I decided to ask a few questions. “What will happen, if you add water to the sand, how will it feel? Will it feel heavier in the containers?” They all began experimenting to find out.

After acknowledging that damp sand would create the ideal sandcastles, they proceeded to use buckets to create sandcastles. Two children made a game that involved lugging, crushing, stomping, and building. One child set up the buckets in a line and used them to make four mounds. Another crossed the line, stomping and crushing his mounds on the count of three. In this scene I observed teamwork and conversation between the children as they collaborated the rules of the game. “Shall we play the stomping game?” to which the other replied “Yes” and extended on the context adding further, “Shall we fill all of the buckets up and line them up?” “You can’t stomp on them until we have finished counting”
In this area the children enjoyed also enjoyed creating tracks and acting as though they were in charge of a construction site. “How long do you think we could make the track?” I asked the children made another longer but wider track, Is this track different from the other?” They noted that it was longer and wider.
Because of the children's curiosity, this area was connected to the curriculum. They were able to express concepts and, ultimately, the impact that friction has on objects (Welsh Government, 2022).

Area 2 – Creative Zone 

In this area I added seashells and pebbles from the nearby beach, Duplo together with varied sizes of sticks.
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One child decided to use a stick to make lines, “I wonder what shape you can make if you join some of your lines together?” she replied with an excited face “Oh I know, I can make a square.”

The pebbles and seashells were emptied, and the children were in awe studying the varied shapes and patterns. “Do you know that many sea creatures call seashells their habitat?” “Habitat is another word for a home which, a plant or animal lives in.” This was new information for most of the children, but one answer with interesting information about hermit crabs for all children to be amazed! “Hermit crabs, adopt discarded shells as they outgrow their own?” A unanimous reply of “wow” filled the space amongst delighted faces.
“I wonder how long they stay in their shell and what other types of plants and animal lives in them” asked one child “Let’s find out together in class.


Next, I noted a few children were sorting the Duplo into colour groups. “How many yellow do you have?” I asked, followed by “are there more yellow than red?” The children noted that yellow contained the most bricks compared to any other colour.

Links to the curriculum were demonstrated in this area such as exploring relationships between living things, their habitats and their life cycles. They also had experience with exploring numbers.

Area 3 – Den building

Added items of tarpaulin, rope, tent pegs, long sticks

This was a supervised area, however I let the children design the den they wanted. I was there to support throughout.
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“I wonder what type of den we could make?” The children started to plan and work together giving ideas to one another about how they would start. “We could use the tree to help, perhaps tie the tarpaulin and rope around the tree and connect it, into the ground” My reply was “What do you think we could use to stabilise and connect it?” One child picked up the tent pegs in answer.

They made the decision to begin digging the long sticks into the ground away from the tree. They showed excellent teamwork in this endeavour and requested for a little assistance using the mallet to ensure their security. They then asked me to cover the structure with the tarpaulin. Thus, starting with sticks, the tarpaulin was required to cover the top and attach to the tree. Their design was coming together, and they could start to visualise what it would look like.  The tarpaulin included openings for the rope to loop through, making it easier to extend it over to the tree branches after securely tying it to the sticks. This made it possible for us to attach it to each tree branch and tie it across to create the roof framework. There was surplus tarpaulin around the bottom of the sticks of which the children decided to loop some rope and attach it to the tent pegs. With little assistance they used the mallet to secure the pegs into the sand.

In this area there was evidence of link between language and communication, the children developed their estimating and movement skills bending down for the sticks and items, whilst also estimating the correct length of sticks. They proved they could communicate what they were building, use simple tools, materials and equipment to construct. 


Area 4 - Exploring the dunes rolling and sledging. 

In this area a couple of sledges have been added 

Together we went up the sand dune to explore further “I wonder what would happen if you rolled down there?” The children wanted to find out. So, making sure everyone was safe we all decided to roll. “Gosh you went faster than me, that was hard I am out of breath.” One child pointed out that at one point, it was hard to stop themselves from sliding down, but they slowed down at the bottom. “Can we roll up the slope?” “I wonder if you can slide and roll down?”

“Shall we learn about gravity and friction together?” This will explain the answer

Next, we went back up and used the sledges – Children were suddenly asking how this would work “I think I will go faster on the sledge!” They all predicted that this would be the case. 

Curious, the children shared their predictions and experiments about the impact of forces and how they affect themselves in this area. They discovered that gravity drags you down the sand dunes and accelerates your pace once you're in motion. But you will be stopped ultimately by external forces. They also discovered after the experiments that you will move more quickly if you are carrying a greater weight. This is linked to the curriculum (Welsh Government, 2022).

-I can communicate the effect forces have on myself and on objects.
-I can use my knowledge and understanding to predict effects of scientific exploration.
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Part 3 - Risk Assessment


[bookmark: _Hlk194260862]Risk benefit assessment 
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	Location
	Methyr Mawr Warren National Nature Reserve, Bridgend

	How Many Children
	8 

	Accessor
	Danielle Rees







	Activity/Hazard
	Benefit
	Risks

	Level of Risk (Use Matrix)
	Control methods
	New level of risk (use matrix) 

	Collecting items in a bucket
	-Develops fine motor skills
-Develops gross motor skills 
-Helps balance 
-Develops exploration/investigation
-Group items for counting 
Shape/size colour/pattern sorting
	Scratches

Low lying branches 

May hit head or fall

Alien items in sand
	5-12
	-Make sure children are in protective clothing
-Check safety of site before children arrive and during.
- Make sure children tell us before touching anything that could harm
- Explain boundaries, make them aware of low-lying branches 
-Monitor children at all times
-Ensure children are aware of boundaries and where they can explore
	1-5

	
Shell and Pebbles
	-Encourages pattern recognition
-Discussions of where they come from

	Shells may be sharp

Pebbles could be heavy and fall on limbs

Children could throw 
	1-5
	-Make sure children are aware of safety and not to throw

-Must let me know if come across sharp shells
	1-5

	Den Building

(Overall)
	-Encourages Team work
-Puts Estimation work to the test
-Develops communication
-Develops planning and construction -skills
-Independence
-Sense of achievement
-Movement of body
	Could hit head on tree

Scratches
	5-12
	-Supervise this activity
-Discuss safety precautions of each item (see further below)
	5-12

	Den building – Rope
	-Develops fine motor skills
-Develops gross motor skills 
-Creativity
-Problem solving
-Resilience
-Patience
-Team work
-Achievement
-Tying knots
-Life skills

	Friction burns from rope


Entrapment

Could hit head on tree

Scratches

	5-12
	-Discuss how the rope is used and the safety requirements
-Supervise children whilst using
-Be aware of how many ropes there are

	5-12

	Den building – Tarpaulin
	-Creativity
-Problem solving
-Patience
-Shelter
-Team work
-Independence skills

	Suffocation

Friction burns

Could hit head on tree

Scratches

	5-12
	-Discuss how to use and the safety requirements and what could happen
-Supervise
	5-12

	Den building – branches, sticks 
	-Develops gross motor skills
-Independence
-Team work
-Creativity
-Problem solving
-Perseverance

	Splinters

Being hit with a long stick

Dropping them on feet

Could hit head on tree

Scratches



	5-12
	-Discuss rules of safety whilst carrying sticks
-Explain how to work as a team if a stick is too long/heavy
-Explain to drag long sticks and not swing about
	1-5

	Using pegs
	-Physical development
-Develops creativity
-Achievement
	Careful of stabbing

Could drop pegs onto limbs 
	5-12
	-Use plastic pegs
-Discuss and demonstrate how to use
-Supervise
-Count pegs before and after use
	5-12

	Mallet 
	-Develops gross motor skills
	Could hit their limbs or another child

Drop the mallet on limbs

Heavy
	5-12
	-Discuss safety of using and how to carry
-Make sure they put down when not in use 
-Supervise
-Aid any child in using
	5-12

	Rolling down the slope
	-Movement of body
-Teaches gravity
-Teaches forces
-Sense of enjoyment
	Scratches
Sand in eyes
Sand in mouth
Fear 
Adult could get hurt pulling

	5-12
	-Protective clothing
-Supervise
-Discuss safety, close mouth when rolling
-Adult will have to pull child down
	1-5

	Sledging the dunes
	-Movement of body
-Balance
-Teaches gravity
-Teaches forces
-Teaches friction
-Sense of enjoyment

	Could fall off

Be hit by sledge

Heavy to pull

Sand in eyes

Sand in mouth

	12+
	-Discuss safety precautions
-Supervise activity with children
-Close mouth whilst sledging
	5-12

	Utensils
	-Develops motor skills
-Develops creativity
-Experimentation
	Could drop on a limb

Hit another child with it

Sand could get thrown around

Sand in eyes or mouth
	1-5
	-Discuss safety prior to commencement
-Supervise activity
	1-5

	Pots and Pans
	-Develops problem solving
-Experimentation
-Develops motor skills
-Develops creativity
-Teaches volume
-Teaches measurement
	Could drop on a limb

Hit another child with it

Sand could get thrown around

Sand in eyes or mouth
	1-5
	-Discuss safety prior to commencement
-Supervise activity
	1-5



	Likelihood
	x
	severity 
	risk level and acceptability

	
	
	
	Low - L
	medium - m
	high - H

	1-5
	x
	1-5
	1-5
acceptable risk level
	5-12
acceptable with precautions
	12+
unacceptable risk level - find ways to reduce risk.



Part 4 - Adults supporting science and mathematics outdoors  

Introduction
The study will investigate the ways in which adults facilitate and encourage the comprehension of mathematical and scientific concepts in outdoor settings. It will emphasize the promotion of curiosity, the provision of open-ended materials, and the creation of a supportive atmosphere. Moreover, it will incorporate references to pertinent research and theoretical frameworks. 

Play
One of the most important aspects of children's existence is play, which they engage in for enjoyment rather than as a means to an end, according to Sutton-Smith (2001, quoted in Sandseter, et al., 2020). However, play is often regarded as the greatest expression of a child’s joy and natural curiosity. Albert Einstein once said, "Play is the highest form of research," meaning that children use play to prepare themselves for adult responsibilities and the outside world. Through play, children explore, learn, develop new skills, and build relationships with others (Bone, 2021).  UNICEF (2018) asserts that while it may be difficult to describe play precisely, children can actively create new knowledge about things, people, and events through play by fusing new experiences with their existing knowledge, This view is also supported by (Zosh, et al., 2018).
In line with article 31 of the United Nations Rights of a Child (UNCRC), it is the right of every child to experience and appreciate the unique and necessary qualities of being outdoors (UNICEF UK, 1989). This is a view shared by Jan White, who believes that most children choose to be outside and pursue outdoor play when given the option. Furthermore, being outside consistently ranks as one of the top objectives and favourite nursery activities for young children, according to studies conducted to help design the Early Years Foundation Stage (EYFS) framework (Learning Through Landscapes, no date). 

Learning outdoors
A child's natural curiosity demands that they use their senses, test theories, make mistakes, and keep trying. This kind of outdoor exploration of the natural world fosters children's growth and gives them ample room to utilize their entire body, operate on multiple scales, and interpret a wide range of diverse materials (Bjerknes, et al., 2022). To elaborate on this, according to John Dewey (1910), the curious mind is constantly searching for new ideas to consider, much like a healthy, active body on the hunt for nourishment. Where wonder is present, there is a need for experience and novel and diverse interactions (Popova, 2014). 

The affordance theory (Gibson, 1979) explains the interaction between children's play-based learning and their physical environments. An affordance refers to the ability to take action on an object (Waller, et al., 2017). Hewer (2017) emphasizes that children perceive objects differently and can create various activities from a single item. A study by Nirgenthaler et al., (2024) shows that children's outdoor play is influenced by their surroundings. Environments like parks and woodlands provide dynamic experiences that foster creativity and a deeper understanding of science and mathematics (Sandseter, et al., 2020). Thus, adults play a vital role in facilitating access to outdoor, play-friendly spaces where children can explore materials and terrain creatively (Play Wales, 2025).

Children can be introduced to science and mathematics in the outdoors, which fosters amazement and wonder (Davis, 2023). The Quality Framework for Early Childhood Play, Learning and Care in Wales emphasizes the need for a rich, diverse environment as a necessity for this (Welsh Government, 2023).

Piaget (1956) argues that children are "little scientists" who learn through active experimentation and play rather than passive absorption of information (McLeod, 2024). Therefore, practitioners should design engaging activities and environments to support holistic development (Child Development Journal, 2024). Moreover, a child's environment has a big impact on their level of interest; in a more exciting atmosphere, children are more likely to explore, ask questions, and learn and, as a result, are more capable of learning mathematics and science (Welsh Government, 2024). A study by Žakelj, et al., (2024) supports this, and their results demonstrate that incorporating experiential and active learning into mathematics instruction improves student achievement. 

According to Nicholson's loose parts theory (1971), children's engineering and creative thinking abilities are fostered in settings with a range of variables or loose parts, which are adaptable, open-ended materials that encourage problem solving by enabling kids to construct, combine, and create new things out of various materials, offering countless creative opportunities (Nicholson, 1971). In Light of this, Ofsted (2021) and White (2014) both agree that to help children understand abstract concepts such as weight, length, volume, gravity, friction, and material properties through play, adults should provide them with loose parts. These can include natural materials like straw, mud, twigs, stones, pebbles, rocks, and leaves, as well as man-made items such as tires, rope, wood planks, nails, and scrap building materials like guttering. Furthermore, children can explore countless possibilities in environments where objects can be moved and altered, but they get little from play locations that are static and unchangeable. Consequently, children need flexible environments in which they can use play to develop, construct, evaluate, and modify their own concepts and structures (Play Wales, 2017) and (Welsh Government, 2023).

Piaget (1953) described schemas as crucial cognitive processes that allow children to actively construct meaning and enhance their understanding through true learning (Nickerson, 2024). Research by Boulton and Thomas (2022) found that outdoor play provides unique opportunities for schema development as children engage with loose parts in their own ways. The outdoors promotes greater freedom of movement, creativity, and visibility of schemas due to its self-governing nature.

As stated by Bjerknes et al., (2022) and the Welsh Government (2022), children gain a greater understanding of the world and learn to be curious and think critically about it by combining the wonders of nature with exploratory science and mathematics. In other words, as Science Fun for Everyone (no date) suggests, curiosity and intrigue are sparked by witnessing natural events like sunrises, bird flights, or flower blooms. A practical grasp of scientific ideas is promoted via easy experiments like monitoring the wind's speed or tracking the variations in sunshine throughout the day. Additionally, according to Naeyc (2017), nature is full of patterns, from leaves to animal marks and even pinecones, which use symmetry. Children can count objects like twigs, flowers, or birds to develop numeracy in a real-world context. 

How might loose parts develop children’s mathematics/science learning through play? 
Children have more chances to learn and acquire new abilities through play when they have access to play materials with several affordances, according to (Cankaya, et al., 2023). Subsequently, teachers and parents are realizing the value of loose components in children's play and learning in outdoor classrooms, believing that the curriculum is the environment. Play areas that incorporate natural components offer a wealth of rich chances for deep and intricate problem-solving (Gano, 2021). The Curriculum for Wales provides a broad, adaptable educational framework that encourages outdoor and experiential learning across all subject areas. One of the four objectives of outdoor learning is to develop learners who are ambitious, creative, moral, and self-assured (Welsh Government, 2022). This approach is based on the belief that outdoor learning enhances classroom instruction in various subjects, raises academic standards, and improves students' performance in areas such as science, mathematics, and reading. A study conducted by the Welsh Government, which examined outdoor learning knowledge, access, and goals in Wales, supports these findings (Welsh Government, 2023). The design and components of the outdoor play area are essential. Having access to a variety of recycled and found objects, such tires, large stones, and logs, encourages children's creativity (Craig, et al., 2024). To support children's authentic planning and problem-solving abilities and enable sophisticated learning, it should be designed to let children direct their own play as stated by Naeyc (2017), they go on to say, items as simple as flowers can be put on sorting trays according to colour and size to promote mathematics outside. (Early Impact Learning, no date) add to this by saying that, in addition to their many other uses, ramps and slides are a lot of fun for children. They are also excellent for rolling down objects like bottle caps, wooden blocks, and conkers, which educates children about gravity and forces and helps them distinguish between things that roll and those that don't. Additionally, exploring different materials introduces children to properties such as texture, weight, and durability.


Enabling Adults
The Zone of Proximal Development (ZPD) Theory was developed as a result of Vygotsky's (1962; 1978) Social Learning Theory, which holds that social interactions are the basis for what children learn and how they solve issues (McLeod, 2024). ZPD argues that by imitating the conduct of their more experienced and skilled peers, children with fewer and lower skills can learn from those with more advanced skills, therefore, a child's ZPD is determined by their level of independence and their capacity to function in a nurturing setting. The scaffolding strategy is frequently the source of this support, as it gives the child the chance to learn new ideas and become more independent, according to Taber (2018), who further defines it as practitioners’ choices and actions that build on children's prior knowledge and skills to improve their learning, development. According to Zhou (2020), this idea combines both Bruner's scaffolding and Vygotsky's ZPD; nonetheless, Bruner (1960) says that learning is more successful when pupils are exposed to new resources. In other words, a child learns via inquiry and curiosity, and the foundation is continuously strengthened. However, practitioners need to be cautious and must be able to strike a balance between providing learning opportunities that can advance a child's growth and understanding developmental stages since Bruner's theory can easily lead to frustration and confusion among children due to the lack of recognition that knowledge is not independent and that knowledge is developed from information received from the outside world (Ogunnaike, 2015). 

Davis (2023) believes that having moments of awe and wonder can help a child's learning and development because it allows us to genuinely listen to their ideas and thoughts through extended shared thinking. It is, therefore, an invaluable way for them to connect and share in the wonder. Conversely, the role of practitioners in early childhood settings has been hotly debated, but how do these practitioners view their role in fostering young children's cognitive abilities? This was a question posed by Purdon (2014), who found sustained shared thinking to be a crucial component in encouraging children's positive development and results. Further stating that children can gain a lot of knowledge from interaction with other children as well as from attentive adults who can encourage play.  (Clarke, 2022, p. 50) believes that the greatest ways to achieve this are to take it slow and let children explore and learn, be free, push limits, and take risks since slow knowledge is centred on the context, patterns, and connections of children. This is because the more children play, the more likely they are to grow playful. Playfulness on our part can also promote play, but generally speaking, Play Wales (2017) suggests you should avoid becoming overly involved in children's play. Davis (2023) concurs and believes that curiosity, not answers, is the foundation of long-term collaborative thought, and our language should reflect this. We might ask, "I wonder," offer a running commentary, or talk about what we see. This gives the moment life by enabling both the adult and the child to interpret what they are seeing. By sharing our own opinions and beliefs, we serve as role models. This is better known as metacognitive talk. As Jackson (2023), suggests, is piques a child’s curiosity, and using metacognitive talk promotes children's thinking and learning. For example, “What happens if we threw a stone in the water?”
To remain within the ZPD, practitioners might also scaffold the creative cycles by progressively encouraging more intricate Sustained Shared thinking, according to Siraj-Blatchford, et al., (2002b). Using mindful teaching practices helps teachers find instructional tactics and resources to provide children with strategic direction. Naeyc (no date) states this is only possible through child observation, which enables practitioners to think about how to help the child in ZPD. Playful testing of designs or patterns fosters observation and questioning abilities, which are essential to the scientific method.

Conclusion
Providing children with opportunities to experience wonderful moments is an essential educational practice that has profound and far-reaching effects. The outdoor environment, enriched by both natural resources and those provided by educators, plays a crucial role in supporting the learning and development of children. Science, mathematics, creativity, and the concept of affordance are all interconnected. Even young toddlers, as they seek to understand the world, can spend hours engaging in imaginative play outdoors with simple natural objects. Furthermore, when children have access to play materials that offer multiple affordances, they can explore mathematical and scientific concepts while developing holistically and appreciating the beauty of nature and their surroundings. Nature exemplifies mathematical principles through elements such as shape, symmetry, colour, classification, order, patterning, and numbers. This rich environment acts as our curriculum, enabling naturalistic play spaces to provide numerous opportunities for complex and in-depth problem-solving.
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