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Part 4: Academic Writing 
[bookmark: _GoBack]In recent years, there has been a growing emphasis on the importance of early childhood education in promoting children's cognitive and intellectual development. Incorporating mathematical and scientific concepts in outdoor environments has been identified as an effective method of engaging children in learning (Tucker,2014). Water is at the root of all life; without it, we cannot survive, so it connects to us in a root way. Outdoor play should allow children to be surrounded by water-based experiences, from jumping in a puddle to hearing it trickles over stones (Warden, 2007)
 Notably, several theories support the benefits of outdoor learning to develop mathematics and science concepts in children's early years. One such theory is the socio-constructivist theory, which suggests that children learn best through social interactions and active participation in real-life experiences (Kemple, 2016). However, according to the ecological systems theory, which emphasizes the importance of the environment in shaping children's development (Bronfenbrenner, 2005). Research has also shown that outdoor learning can positively impact children's cognitive, social, and emotional development (Bilton, 2010). For example, outdoor learning activities can help children develop problem-solving and critical thinking skills and an appreciation for nature and the environment.
 
Additionally, In the new Wales Curriculum, there is a focus on providing opportunities for outdoor learning in early years education. The curriculum states that children should have access to "a range of outdoor environments and experiences that promote their learning and development" (Welsh Government, 2015, p. 14). Specifically, the curriculum emphasizes the importance of outdoor learning in developing children's understanding of mathematics and science concepts, stating that "outdoor environments provide a rich context for developing numeracy and mathematical skills and scientific understanding" (Welsh Government, 2015).
 
Moreover, the shared vision and values for outdoor provision in the Early Years (Vision and Values Partnership, 2004) argue that all children have the right to experience and enjoy the essential and unique nature of being outside. They went on to say that young children thrive and develop best when they have free access to stimulating outdoor environments for learning through play and real-life experiences (Vision and Values Partnership,2004). A broader perspective has been adopted by DCELLS (2009). The foundation phase outdoor learning handbook argues that the foundation phase and the outdoors are inseparable. The argument for this commitment is that the outdoors is the ideal environment for experiential learning because it supplies unique opportunities to be creative, move around, be noisy, and take risks (DCELLS 2009: 2)
 
Science is a body of knowledge that explains natural phenomena and a system for getting this knowledge through observation and experimentation. The approaches to young children's learning and development that underpin the philosophies of Steiner Waldorf schools (Nicoli, 2006), Montessori schools (Isaac, 2006), and Reggio Emilia early childhood centers (Thorton and Brunton, 2009) are all based on the importance of giving children firsthand experiences of the natural world to build their knowledge and understanding. Critical features of these approaches are exploring the natural world, handling tools and materials, closely seeing, producing ideas, and reviewing and revisiting these ideas to combine learning and building understanding. When children can explore and investigate their immediate surroundings, they develop the attitude and skills that will enable them to be lifelong learners. (Thorton and Brunton,2009)
On the other hand, Worthington and Carruthers 2003 state that mathematics occurs if learning environments are mathematical. According to Paulsen et al. (2021), incorporating outdoor play into math and science lessons is one effective strategy for promoting this engagement. For example, teachers can encourage children to explore measurement and geometry concepts by measuring the height of trees or the distance between two points using natural materials such as sticks and stones. Similarly, teachers can use outdoor spaces to explore scientific concepts such as weather patterns and the water cycle by observing the natural environment and conducting experiments with water. 
Another strategy for promoting engagement with math and science concepts outdoors is to provide children with opportunities to engage in open-ended exploration and inquiry. Rather than simply presenting children with pre-determined activities, teachers can encourage children to explore their own questions and hypotheses about the natural world through outdoor play. Finally, it is essential to emphasize the role of play in promoting engagement with math and science concepts outdoors. As Paulsen et al. (2021) note, play-based learning allows children to explore and experiment with math and science concepts engaging and meaningfully. By incorporating these strategies into math and science instruction, teachers can help children develop a deeper understanding and appreciation of these important subjects.
 
Then Froebel (1852) states outdoor environments are essential tools for scientific exploration for young children. Friedrich Froebel (1852) believed that an outdoor environment is an effective tool for scientific investigation. According to Froebel's theory of education, nature is a fundamental and critical component of children's development. Moreover, he emphasized that children's engagement with nature is essential for intellectual, emotional, and physical growth. Froebel believed that outdoor exploration enhances children's curiosity, imagination, and creativity, which are necessary skills for scientific inquiry.
Similarly, American psychologist Jerome Bruner believed that children learn through discovery and exploration, which can be facilitated through play. In his article "Mathematics Education for the Future," Bruner argues that mathematical concepts can be developed through outdoor space. Furthermore, Bruner (1960) highlights the significance of outdoor play in developing mathematical concepts. He claims that children's play activities, such as counting and measuring objects, can help them understand mathematical concepts. Children, for example, can learn about numbers and counting by playing games such as hopscotch, in which they count the number of squares they jump on.
Bruner also suggests that outdoor play can help children develop spatial reasoning skills essential in mathematics. Through playing games like tag or hide-and-seek, children learn to navigate space and create an understanding of distance and direction. Additionally, they can learn about measurement by comparing the height of different plants or the length of other sticks. Thus, outdoor play can be a valuable tool in developing mathematical concepts in young children. Additionally, Vygotsky (1978) emphasizes the importance of social interactions and cultural experiences in learning.
T. Bruce (2012) argues that outdoor learning environments allow children to explore, observe, and experiment with the natural world, fostering their scientific curiosity and knowledge. Furthermore, research has shown that outdoor environments expose children to diverse and complex ecosystems, which offer a unique learning experience that cannot be replicated in the classroom (Bell & Dyment, 2006). Therefore, outdoor environments allow children to learn and explore Science in a more engaging, interactive, and meaningful way. As such, Froebel's theory of education highlights the importance of outdoor environments as a tool for scientific exploration that promotes children's cognitive, emotional, and physical development. 
[bookmark: _Int_d8F3SBwd]Loose parts are materials that can be moved, rearranged, and combined to promote exploration, experimentation, and problem-solving (Stevens, 2013). Including loose parts in outdoor environments is one approach that adults can use to support early years children in engaging with mathematical and scientific concepts. When children have access to loose parts such as rocks, sticks, and logs, they can engage in open-ended and child-led play, which allows them to use their imagination and creativity to develop mathematical and scientific concepts. Additionally, affordance, which refers to the potential of an object or material to be used in a particular way, can encourage children's exploration of mathematical and scientific concepts. For example, a log can be used as a balance beam, a measuring tool, or a building block, which allows children to develop their mathematical and scientific knowledge (Stevens, 2013).
On the other hand, according to Melia (2013), adding loose parts such as sticks, pebbles, and leaves can help develop mathematics and science concepts in young children. Using loose parts and nature allows children to engage in open-ended and child-led play, allowing them to explore and experiment with their surroundings. This type of play offers affordances that enable children to apply their knowledge and skills to new situations, leading to sustained shared thinking and the development of scientific and mathematical concepts. The Reggio Emilia approach, which emphasizes observation, curiosity, and discovery, is one approach that has been successful in supporting children's learning in these areas.
 
The role of adults is critical in engaging children in outdoor learning activities that promote mathematical and scientific concepts (Bergen & From, 2019). Adults can support children's learning by creating a safe and stimulating outdoor environment, providing open-ended materials, and engaging in sustained shared thinking and observation (Bilton, 2010).
Loose parts, such as stones, sticks, and shells, can be used in many ways to promote mathematical and scientific concepts. For example, children can use loose parts to sort, classify, and compare objects or to explore patterns and shapes in nature (Gonzalez-Mena & Eyer, 2015). Adults can enhance children's learning by adding loose parts to the outdoor environment.
However, there are challenges and barriers that adults may face when using loose parts in the outdoor environment with children. One challenge is ensuring the loose parts are safe and age-appropriate for children (Sandseter, 2007). Adults must also be aware of the hazards and risks of loose parts in the outdoor environment, such as sharp objects or tripping hazards (Gonzalez-Mena & Eyer, 2015). Also, there are several challenges that adults may encounter when trying to support children's curiosity and discovery through sustained shared thinking and metacognitive talk. These challenges include time constraints, lack of confidence or knowledge, and difficulty engaging children in scientific exchange (Lloyd, 2010). To address these challenges, adults may need support to gain the confidence and skills necessary to engage children in scientific discussion. For example, professional development programs and training workshops can provide adults with the knowledge and skills to support children's scientific thinking and exploration (Gibson & Pickering, 2021).
 
The role of an adult with sustained shared thinking, observation, and open-ended and child-led play is also crucial in promoting children's learning with loose parts in the outdoor environment. The sustained shared review refers to adults and children working together to extend and develop children's thinking and learning (Fleer, 2019). Observation helps adults to understand children's interests and abilities and to tailor learning experiences to meet their needs (Bilton, 2010). Open-ended play allows children to explore and experiment with loose parts in their own way, promoting creativity and problem-solving skills (Gonzalez-Mena & Eyer, 2015). Child-led freedom empowers children to take ownership of their learning and engage in meaningful and relevant activities (Bergen & From, 2019). 
 
Theorists such as Vygotsky and Bruner argue that social interactions play a vital role in children's learning and development. Others have highlighted the relevance of adults in supporting children's curiosity and discovery through sustained shared thinking, and metacognitive talk is essential in promoting children's cognitive development. Through sustained shared reflection and metacognitive discussion, adults can help children to reflect on their experiences, make connections, and build their understanding of the world around them (Lloyd, 2010).
According to Vygotsky's sociocultural theory, learning occurs through interactions with others, and social interactions are essential for cognitive development. Through sustained shared thinking, adults can support children's cognitive development by providing opportunities for them to engage in collaborative problem-solving, exploration, and inquiry (Wertsch, 1985).
Similarly, Bruner's theory of cognitive development emphasizes the importance of social interactions in learning. Through metacognitive talk, adults can help children to reflect on their thinking processes, monitor their own learning, and develop their problem-solving skills (Bruner, 1985).
 
Also, the New Curriculum for Wales 2022 emphasizes cross-disciplinary learning and encourages the integration of science and math concepts. This approach provides an opportunity for adults to support learners holistically and help them develop a deeper understanding of the interconnectedness of scientific and mathematical concepts (Welsh Government, 2022).
According to the Welsh Government (2022), the new curriculum is designed to develop students' critical thinking, problem-solving, and analytical skills across different subject areas. By integrating Science and math concepts, learners can develop a broader understanding of how these disciplines work together to explain the world around us. For example, learners can explore mathematical concepts such as geometry and algebra to understand scientific principles such as forces and motion.
The new curriculum emphasizes hands-on learning and encourages students to engage in practical experiments and investigations. This approach can provide opportunities for adults to support learners by facilitating these activities and providing guidance as needed. By doing so, they can help learners develop a deeper understanding of the scientific and mathematical concepts they are exploring.
In addition to this, Gibson's affordance theory suggests that the environment presents opportunities for action that an organism perceives. In the context of early years mathematics and science education, this theory can help children understand and engage with mathematical and scientific concepts in their environment. By making the affordances of the environment explicit, children can develop a more sophisticated understanding of mathematical and scientific concepts and how they relate to the real world. 
For example, children can be encouraged to explore the properties of objects in their environment, such as their shape, size, and weight, to develop an understanding of mathematical concepts such as measurement, counting, and geometry. Similarly, children can be encouraged to observe and investigate natural phenomena, such as the behavior of animals or the properties of varied materials, to develop an understanding of scientific concepts such as cause and effect, classification, and observation. 
 
What conclusions can be drawn from this? The use of loose parts, affordance, open-ended and child-led play, sustained shared thinking, observation, curiosity, and discovery, as well as approaches and theories such as Reggio Emilia, Froebel, Vygotsky, Nicholson Loose parts, and Bruner, are all crucial factors that adults can incorporate to create a rich outdoor environment that supports young children's engagement with mathematical and scientific concepts. (Stevens, 2013). As a final point incorporating outdoor play into math and science lessons is an effective strategy for promoting student engagement. Students can develop a deeper understanding of mathematical and scientific concepts by using natural materials and observing the natural environment. Allowing open-ended exploration and inquiry also encourages children to explore their own questions and hypotheses, promoting critical thinking and problem-solving skills. It is essential to recognize the role of play in fostering engagement and to continue to explore innovative ways to incorporate outdoor play into educational settings. Doing so can foster a love of learning and a deeper appreciation for the natural world among our students.
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