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Part 2- Learning story
I Wonder Why It Moves: Exploring Forces, Movement and Friction Through Play on Sand Dunes

Introduction.
Outdoor environments provide valuable opportunities for young children to explore their surroundings through active, sensory, and play-based experiences. The Curriculum for Wales places importance on children developing their understanding through exploration, enquiry and authentic experiences, with the Science and Technology Area of Learning and Experience encouraging children to explore the world around them and develop their ability to ask questions and develop their ability to ask questions and investigate ideas (Welsh Government, 2022). Outdoor environments therefore can provide meaningful contexts in which scientific and mathematical concepts can develop naturally through children’s play. 
The sand dune environment provides a suitable environment with a valuable opportunity for exploring forces, movement, and friction. The changing slopes and textured surfaces of the sand create opportunities for children to observe how objects and their bodies move across different surfaces. These concepts can be experienced through children’s own explorative investigations, allowing them to ask questions, test ideas and devlop their understanding through play rather than teaching them through a structured adult led activity. The sand dune therefore provides opportunities for children to develop scientific and mathematical thinking through observation, prediction and exploration, while practitioners can support this learning through appropriate questioning and scaffolding. 

The Learning Story.
The sand dunes provide an open-ended environment where children can explore movement through their own actions and investigations. As the child approaches the slope, they begin by walking up the dune before moving back down, noticing how the loose sand affects their movement. The child then picks up a small stone and rolls it down the slope, watching as it travels across the sand before gradually slowing and stopping. 
Interested in what has happened, the child repeats the experience, releasing the stone from a higher point of the dune. This time, the stone travels further, encouraging the child to repeat the action and compare the different outcomes. The child begins. To explore whether changing the starting position affects how far the stone will travel. This repeated investigation provides an opportunity for the child to develop predictions, test ideas and notice patterns through play. 
The child’s curiosity could lead to questions such as, “Why did it go further?” or “What will happen if i start it from the top?” rather than providing an immediate explanation, the practitioner can allow the child time to explore and develop their own ideas. Through observing, repeating, and comparing, the child is beginning to engage in scientific enquiry by investigating cause and effect. The experience also provides opportunities for mathematical thinking, as the child can compare distances and use positional language such as higher, lower, further, and closer. The changing surface and slope of the sand dune provide opportunities for children to observe how movement occurs within a natural environment. Natural Resources Wales identifies sand dunes as environments that can support investigation and learning through practical activities (Natural Resources Wales, 2025). This further reflects the Curriculum for Wales, which encourages children to develop understanding through exploration, enquiry and experiences that connect learning to the world around them (Welsh Government, 2024). 
[bookmark: _Int_WarMM4xQ]What Learning is Taking Place?
The experience provides opportunities for children to develop an emerging understanding of movement and forces through direct exploration. Outdoor learning can provide children with opportunities to develop knowledge and understanding through direct experiences within their environment (Bilton, 2010). Natural environments can also support this type of learning because they allow children to use their senses, manipulate materials, and discover possibilities through their own experiences. Rosenow and Wirth (2011) highlight the importance of natural outdoor spaces that provide multiple possibilities, stimulate the senses, and inspire wonder and discovery. This is particularly relevant to the sand dune environment, where children can physically interact with sand, stones, and the changing slope while noticing how their actions affect movement. 
As the stone travels down the slope, gravity contributes to its movement, while friction between the stone and the sand affects how easily it travels across the surface. The child does not need to understand the scientific terms formally for meaningful learning to take place. Instead, noticing that the stone travels further when released from a higher position allows the child to begin recognising relationships between actions and outcomes. Speldewinde (2024) demonstrates how coastal environments can provide opportunities for young children to develop science knowledge through inquiry-based experiences, with educators supporting children’s exploration of scientific phenomena. This is relevant to the sand dune context because the child can investigate movement through direct interaction with the natural environment. 
The changing surface of the sand provides further opportunities for investigation. The child could compare how the stone moves across loose sand and a firmer surface, such as wet sand, observing whether the distance or speed changes. Repeating the experience allows the child to test different possibilities and develop ideas from what they observe. Campbell et al. 2018) found that integrated STEM, particularly science and mathematics, can arise through children’s play and themes connected to their interests. Therefore, the child’s repeated attempts to roll the stone can be understood as meaningful STEM learning, as the child is using play to investigate an emerging question and compare different outcomes. 
Mathematical thinking can develop alongside this scientific exploration. Children can compare which object travels further and begin to estimate or measure distances. Keith (2017) highlights the potential of outdoor environments to support young children’s mathematical learning, with practitioners using questions and prompts to sustain a mathematical focus and thinking within children’s play. The practitioner could ask, “Which stone do you think will travel the furthest?” or “What happens if we start it from higher up?” rather than providing the answer. Campbell et al. (2018) similarly demonstrates how science and mathematics can become integrated within children’s play and interests. The sand dune therefore provides a meaningful context in whivch scientific and mathematical thinking can develop together through children’s curiosity, observation and investigation. 

Role of the Practitioner.
The practitioner has a significant role in recognising and extending the learning that emerges from the child’s exploration without directing the experience or providing immediate answers. Effective outdoor practice requires the practitioner to observe carefully, identify the child’s interests, and respond appropriately to what the child is attempting to investigate. The Foundation Phase Framework emphasises the importance of practitioners using open questioning and shared and sustained thinking, while maintaining a balance between child-initiated and practitioner-directed experiences (Welsh Government, 2015). In this context, within sand dunes, the practitioner should allow the child time to repeat the experience and develop their own ideas before intervening. 
The practitioner could initially observe the child's actions and then join the investigation by commenting on what is happening. For example, the practitioner might say, “You started that one higher up and it went further.” This acknowledges the child’s discovery without suggesting an answer. Open-ended questions could then encourage further investigation, such as, “What do you think will happen if we try it from here?” or “Why do you think that one stopped?” These questions encourage the child to reflect on what they have observed, make predictions, and develop their ideas. The Education Endowment Foundation (2025) identifies promoting conversation and learning and sustained shared thinking as important aspects of high-quality interactions, where adults and children work together to develop and extend thinking. This allows the practitioner to support the child’s investigation without taking ownership of it. 
The practitioner can also introduce appropriate vocabulary within the experience, including words such as “slope, surface, movement, further, closer, higher, and lower”. Rather than expecting children to understand formal scientific terminology, these words can be introduced naturally as the child investigates. The Education Endowment Foundation (2025) identifies teaching and modelling vocabulary naturally as an important aspect of high-quality interactions, alongside promoting conversation about children’s learning and sustained shared thinking. The practitioner could therefore extend the experience by offering different stones or objects and encouraging the child to compare how they move across the sand. This maintains the child’s ownership of the investigation while creating further opportunities for scientific and mathematical thinking. The practitioner therefore acts as a responsive facilitator, using observation, interaction, and carefully considered questions to extend learning while preserving the child’s curiosity and sense of discovery. 


Extending the Learning.
[bookmark: _Int_3xGK5Z7N]The investigation could be extended by providing a small selection of natural and loose-part materials, such as different sized stones, pieces of wood, or seashells. The child could investigate whether different objects travel at different speeds or distances, encouraging further prediction, comparison, and experimentation. Providing materials that can be manipulated in diverse ways can create additional possibilities for children to discover and develop their own ideas within outdoor play (Play Wales, 2025). Rather than setting a fixed task, the practitioner could introduce the resources and allow the child to decide what they would like to investigate. 
The learning could also be extended by encouraging the child to compare different parts of the dune. For example, the child could explore what happens when an object us released from a steeper or shallower slope, or from loose and firm sand. Simple measuring could be introduced by using footsteps or sticks to compare how far objects have travelled. Thius would develop mathematical language and encourage the child to represent and communicate their findings. The practitioner could document the child’s predictions and observations through photographs or simple marks, creating opportunities to discuss what was discovered. In this way, the experience can develop from an initial moment of curiosity into an ongoing investigation, with the child continuing to explore questions about movement, surfaces, distance, and cause. 


Risk Benefit and Inclusion.
Taking children to a sand dune environment involves risks that should be considered alongside the learning and developmental benefits. Possible hazards could include uneven or steep ground, loose sand, slipping, weather conditions, and children moving beyond appropriate boundaries. A risk benefit approach is therefore more appropriate than attempting to remove all challenges from the experience. Gray et al. (2025), in a scoping review of 40 empirical studies, identified that risky outdoor play in natural environments can support children’s resilience, confidence, physical skills, wellbeing, and independence. This suggests that appropriate levels of challenge can provide valuable opportunities for children when risks are carefully considered. 
The potential benefits of the experience include physical movement, sensory exploration, problem solving, confidence, and opportunities to develop scientific and mathematical thinking. The Curriculum for Funded Non-Maintained Nursery Settings also recognises that outdoor environments provide opportunities for children t explore, practice skills and experience risk, supporting resilience and confidence (Welsh Government, 2022). The practitioner should therefore assess the specific environment before the activity, establish appropriate boundaries, and supervise the children while allowing sufficient freedom to investigate. Resources should be checked to ensure that objects are used for exploration and do not present avoidable hazards. 
[bookmark: _Int_GhnLTxPn][bookmark: _Int_Ioy6lYuS]Inclusion should also be considered so that all children can participate meaningfully in the investigation. The Welsh Government (2026) emphasises the importance of recognising and responding to individual needs, interests and preferences when planning experiences for young children. The practitioner could therefore adapt the experiences for young children. The practitioner could therefore adapt the experience by selecting an accessible area of the dune, providing additional time, offering visual demonstrations and simple language where appropriate. This allows children with different needs to participate in the investigation while still having opportunities to explore, make choices, and develop their own ideas. 

Conclusion.
The sand dune environment demonstrates how meaningful scientific and mathematical learning can emerge naturally through children’s play, curiosity, and interaction with the outdoor environment. The simple act of rolling a stone down a slope can provide opportunities to observe movement, compare outcomes, make predictions, and develop an emerging understanding of forces, surfaces, and distance. The practitioner's role is therefore not to priovide immediate explanations, but to recognise these opportunities and extend children’s thinking through observation, purposeful questioning, appropriate vocabulary and carefully considered resources. When combined with risk management and inclusive adaptations, the outdoor environment can support children to investigate their own ideas and develop confidence as active learners. 
Risk Assessment.
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 Adults supporting Science and Mathematics outdoors. 

Introduction.
[bookmark: _Int_2ZPcq4Eu]Outdoor environments provide valuable opportunities for young children to develop mathematical and scientific understanding through active, sensory, and play-based experiences. The curriculum for Wales emphasises exploration and authentic experiences, supporting children to develop understanding through meaningful interactions with the world around them (Welsh Government, 2022). Coastal environment can offer particular opportunities for this type of learning because their physical characteristics provide varied possibilities for exploration, movement and investigation (Barrable and Barrable, 2022). The sand dune environment is considered within this exploration as the reoccurring slopes, loose sand and natural materials create opportunities for children to investigate movement, forces, friction, distance and comparison. 

However, the presence of an outdoor environment does not automatically result in meaningful scientific or mathematical learning. Research into early childhood science learning in coastal settings highlights the importance of educators recognising children’s emerging interests and using these as opportunities to extend scientific thinking (Speldewinde, 2024). The practitioner’s role therefore involves balancing children’s autonomy with purposeful guidance through observation, interacting, questioning, and the provision of appropriate resources. 
While excessive adult direction may restrict children’s ownership of exploration, limited adult involvement may result in opportunities for deeper mathematical and scientific thinking being overlooked. This section therefore evaluates how adults can support children’s engagement with scientific and mathematical concepts outdoors, with consideration and focus of child-led enquiry, affordances, scaffolding, sustained shared thinking and professional judgment within the sand dune environment. 

Environment, Affordance and Child-led Inquiry.
The outdoor environment can act as an important pedagogical resource because it offers children opportunities to investigate concepts through direct interaction with their surroundings. Affordance theory suggests that environments provide possibilities for action according to how children perceive and interact with them (Waters, 2017). In a sand dune environment, the slope of the dune, loose and compacted sand, uneven surfaces and naturally occurring materials can therefore afford opportunities for climbing, rolling, sliding and comparing objects' properties. These experiences provide a context in which scientific and mathematical concepts can emerge naturally through children’s own actions rather than being introduced solely through adult-directed activities. 
High-quality outdoor provision is dependent upon adults recognising and intentionally developing these affordances. White (2011) argues that effective outdoor environments should provide children with varied opportunities for exploration, challenge, movement and investigation, while Richardson (2014) emphasises the importance of environments that encourage children to make choices and become active participants in their learning. This is particularly relevant to the natural environment, where the materials and physical characteristics are not predetermined for a single purpose. Barrable and Barrable (2022) similarly identify coastal environments as providing diverse affordances for learning because children can interact directly with natural materials, physical processes, and changing conditions.
However, the presence of affordance does not automatically result in meaningful scientific or mathematical learning. The practitioners must recognise children’s interests and decide when intervention is appropriate. Tovey (2013), drawing on Froebelian principles, places importance on adults observing children’s activity and responding sensitively rather than controlling children’s experiences. This supports a child-led approach in which children can initiate investigations, make predictions, and repeat actions according to their own interests. Bilton (2016) further highlights the need to critically consider the purposes attributed to outdoor learning, suggesting that simply providing outdoor access does not ensure high-quality learning. 
Consequently, effective practice involves creating an environment that is sufficiently rich to stimulate investigation while allowing children to determine the direction of their play. On the sand dunes, a practitioner might provide a selection of natural loose parts without. Demonstrating a predetermined outcome, enabling children to decide how these materials should be used. The adult can then observe emerging mathematical or scientific thinking and respond when an opportunity for extension arises. This balance is significant because excessive adult direction may reduce children’s autonomy, whereas insufficient professional involvement may result in valuable learning opportunities remaining unnoticed. Adult practice should therefore be understood as creating the conditions for enquiry while preserving children’s agency within the learning process. 

Adult Interaction and Questioning.
[bookmark: _Int_v4qXH0lW]Although child-led exploration provides an important foundation for scientific and mathematical learning, adult interaction can significantly influence the depth and complexity of children’s thinking. Effective practitioners do not simply provide an environment and observe from a distance; they use professional knowledge to recognise opportunities within children’s play and respond in ways that encourage further investigation. Siraj-Blatchford et al. (2002) identify sustained shared thinking as an important feature of effective early years practice, occurring when both adults and children contribute to a shared process of thinking and problem solving. This is particularly relevant within outdoor environments, where children’s spontaneous discoveries can provide meaningful starting points for extended discussion. 
[bookmark: _Int_XczkBEMj]Open-ended questioning can encourage children to explain their ideas, make predictions, consider the possible cause, and effect relationships, which would not be as extensive with closed-ended questions. For example, when a child rolls a stone down as sand dune, a practitioner could ask “What do you think will happen if you put it higher up?” or “Why do you think this one stopped there?.” Rather than providing an immediate explanation, such questions encourage children to develop and test their own ideas. Wasik and Hindman (2013) explain that open-ended questions provide opportunities for children to express their ideas and receive meaningful feedback from adults, although they emphasise that simply asking open-ended questions is insufficient if practitioners do not allow children time to respond and subsequently build upon their contributions. This is particularly relevant to scientific enquiry, where children need opportunities to articulate predictions, observations, and explanations rather than simply identify a correct answer. Lee, Kinzie and Whittaker (2012) similarly found that targeted support increased teachers’ use open-ended questions during “Pre-K” science activities, demonstrating the potential for professional support to strengthen practitioners’ questioning practices. 
[bookmark: _Int_x6g5Tiah]Adult-led dialogue can also support mathematical and scientific thinking. By using vocabulary such as ‘higher,’ ‘lower,’ ‘further,’ ‘closer,’ ‘faster,’ ‘slower,’ ‘steeper,’ and ‘longer’ enables children to communicate observations and make comparisons. Li (2024), highlights the importance of adult involvement in young children’s joint play, demonstrating how co-teachers' interactions can support children’s exploration of mathematical concepts within meaningful play experiences. in the sand dune context, mathematical language can therefore develop through an authentic investigation rather than being separated from play through a formal activity. 
However, effective questioning requires considerable professional judgement. If practitioners continually interrupt children’s lay with questions, the experience can become adult-directed and potentially reduce children’s autonomy. Wasik and Hinderman (2013) further highlight that the questions that a practitioner asks needs to have a purpose behind it, so it flows into a meaningful conversation rather than disconnected prompts. Sustained shared thinking should therefore involve listening carefully to children’s ideas, responding to their contributions, and allowing sufficient time for children to think, act, and reconsider their explanations. For example, a practitioner who notices a child repositioning the height of the stone before rolling could recognise this as an emerging investigation and use one carefully considered question to encourage further comparison. Consequently, effective adult interaction involves a balance between intentional teaching and child-led enquiry, with questioning and sustained shared thinking used selectively to deepen curiosity, reasoning, and mathematical and scientific understanding. 

Scaffolding and Loose Parts 
Scaffolding and the provision of loose parts are important aspects of adult practice because they can extend children’s mathematical and scientific thinking through practical exploration. Vygotsky’s (1978) sociocultural theory highlights the role of adult guidance in supporting children to develop understanding beyond what they may achieve independently. Within outdoor education, Gilbertson et al. (2023) similarly emphasises the importance of adult involvement in supporting learners to engage with experiences and develop understanding through active play. Within outdoor environment, practitioners can apply this through carefully timed interventions and the introduction of resources that respond to children’s existing interests. However, scaffolding should remain flexible, allowing children to retain ownership of their investigations rather than being directed towards certain outcomes. 
[bookmark: _Int_s4Q9qpUU]Loose parts, including stones, sticks, shells and other natural materials, can provide opportunities for children to experiment, compare, and investigate. Nicholson’s (1971) theory of loose parts proposes that environments containing adaptable materials offer greater opportunities for creativity and exploration. Thomas and Boulton (2025) further demonstrate the relevance if loose parts within early childhood outdoor pedagogy, identifying how adaptable materials can support children’s schemas and create opportunities for adults to use supportive language to extend children’s learning. In a sand dune environment, practitioners could provide different sized stones or pieces of wood to encourage children to explore how objects move across different surfaces and slopes. Comparing the distance travelled by different objects may support early mathematical understanding of measurement, size, and comparison, while repeated experimentation can encourage scientific thinking about movement, cause, and effect. The value of these resources lies in their versatility as children can use them in ways that adults may not have anticipated. 
[bookmark: _Int_gyDvBQMS]The practitioner's role is not simply to provide materials, but to also recognise when resources or guidance could extend children’s learning. For example, if a child repeatedly rolls a stone down a slope, the adult could introduce a different sized stone and encourage comparison. This extends prediction, observation, and reasoning without removing children’s ownership of the investigation. Thomas and Boulton (2025) highlight the value of supportive adult language in extending children’s learning and thinking during loose parts play. Li (2024) similarly demonstrates how adult involvement in joint play can support mathematical exploration.
[bookmark: _Int_KgVGs4TL]However, loose parts are only effective when used purposefully. Providing too many resources or imposing instructions may reduce children’s independence, while simply making materials available does not guarantee meaningful learning. Gilbertson et al. (2022) emphasises the importance of creating appropriate outdoor learning environments that respond to participants' needs. Practitioners must therefore observe children’s interests and judge when intervention is appropriate. This is particularly important for inclusive practice, where some children may require adapted resources, additional modelling, or extra time to explore. 
[bookmark: _Int_IBgDg6Xy][bookmark: _Int_oibFRH2J]Ultimately, scaffolding and loose parts work most effectively together. Flexible resources can encourage exploration, while responsive adult guidance can extend children’s mathematical and scientific thinking. Practitioners must therefore balance intentional provision with children’s freedom to investigate independently. 

Professional knowledge, Observation, and Assessment.
Professional knowledge, observation, and assessment are important in recognising mathematical and scientific learning within children’s outdoor play. Effective practitioners need to understand child development, subject knowledge, and individual children to interpret what they observe. Sjöberg and Nyberg (2019) highlight the importance of developing professional knowledge through experience and reflection, suggesting that practitioners’ understanding develops alongside their ability to recognise and respond to children’s learning. 
Observation is particularly valuable in outdoor environments because learning may emerge through spontaneous play rather than planned activities. For example, observing a child repeatedly rolling stones down a sand dune could reveal developing understandings of movement, distance, comparison, and cause and effect. The practitioner can use this observation to decide whether further resources, questioning, or opportunities should be provided. The Welsh Government (2022) emphasises that observation should inform provision and support children’s progression, rather than being an isolated assessment activity. 
However, professional judgement is necessary when interpreting observations. Bradbury (2014) highlights tensions between practitioners’ knowledge of children and formal assessment processes, demonstrating that children’s learning cannot always be fully represented through assessment data. This is particularly relevant outdoors, where mathematical and scientfioc thinking may be demonstrated thrugh actions and experimentation through repeated attempts rather than verbal explanations. Therefore, practitioners should consider observations alongside their knowledge of the child and the wider context of the experience. 
[bookmark: _Int_1vyhHdDd]The Welsh Government (2022) guidance identifies observation as a means of understanding progression and deciding appropriate next steps, while also emphasising the importance of professional dialogue between practitioners. The Professional Standards for Assisting Teaching, Teaching and Leadership for Wales further supports the expectation that practitioners use knowledge of learners to inform their practice (Welsh Government, 2026). Consequently, effective assessments in the sand dune environment involves noticing children’s emerging ideas, interpreting their learning and adapting provision, rather than exclusively recording outcomes. 


Freedom, Risk, and Professional Judgement.
[bookmark: _Int_UjnrEL1V][bookmark: _Int_tN9ZsKtt][bookmark: _Int_NPgbuDm5][bookmark: _Int_yoLMTKIV]Outdoor learning requires practitioners to balance children’s freedom to explore with their responsibility for safety. Appropriate challenge can support independence, confidence, and problem-solving, while excessive restriction may limit children’s opportunities to explore risk (Little, Wyver, and Gibson, 2011). In the sand dune environment, practitioners therefore need to assess hazards while allowing children to experience appropriate challenge. This requires professional judgement rather than removing all risk. Loose-parts play can similarly involve manageable risks that children. Learn to recognise and negotiate (Van Rooijen et al., 2023). Effective practice therefore involves proportionate intervention that protects children without unnecessarily restricting exploration. 

Critical Evaluation and Limitations.
[bookmark: _Int_8VPLjbo9]Although adult support can extend mathematical and scientific learning, its effectiveness depends on how it is implemented. Over-questioning, excessive scaffolding, or predetermined activities may reduce the children’s autonomy, while limited adult involvement may result in missed opportunities for extended learning (Wasik and Hindman, 2013). Furthermore, outdoor provision alone does not guarantee high-quality learning as practitioners' knowledge, confidence, and pedagogical decisions influence how the environment is used (Bilton, 2016). Observation also has limitations, as complex learning cannot always be fully represented through formal assessment data (Bradbury, 2014). Therefore, effective practice requires flexibility and professional judgment rather than reliance on one particular approach. 

Conclusion.
Overall, adults have an important role in enabling mathematical and scientific learning outdoors, but this role should remain responsive rather than controlling. High-quality practice involves creating enabling environments, observing children’s interests,m using purposeful interaction and providing appropriate challenge. The practitioner therefore acts as a facilitator who extends children’s thinking while preotecting their autonomy, curiosity and freedom to investigate. 
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