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Introduction
This study focuses on the utilisation of prompts for discovery learning outdoors, with children aged three to five years, in order to find patterns and ask questions in the Science and Technology Area of Learning and Experience, Curriculum for Wales (Welsh Government, 2022). At this age and stage of development, scientific enquiry does not typically involve formal investigative techniques, but rather the process of making sense of the world and exploring what is happening around them through observing, comparing and questioning. Noticing patterns and questioning are key to scientific understanding, which underpins the curiosity that motivates young children to engage with the world (Eshach and Fried, 2005). Within the Curriculum for Wales, these basic enquiry skills provide the foundation for children’s developing scientific understanding in their journey towards greater complexity, as they grow in confidence to ask questions and discuss their findings (Welsh Government, 2022).
This research examines how teaching and learning at Progression Step 1 may incorporate discovery prompts and questions in the outdoors in order to support children to be curious, observe carefully and think independently. Areljung et al. (2023), in their systematic review of curiosity and wonder in early childhood science education, concluded that curiosity and wonder were considered important motivational elements for science learning in early years. The systematic review found that discovery (open-ended) prompts and provocations, which invite children to wonder, observe and learn more, were some of the most effective ways to generate scientific curiosity.
According to Jirout (2020), children’s development of scientific thought must use open-ended prompts and questions which elicit observation, questioning and hypothesising, as these promote a more active role in which children seek information rather than merely relying on memory and can actively formulate and test their own ideas instead of passively awaiting solutions from adults. Cremin et al. (2015) found that open-ended enquiry approaches for science in early years generated more frequent questioning, curiosity and reasoning than closed and teacher-led enquiry, while Chin and Osborne (2010) suggest that children ask higher quality science questions when adults prompt and scaffold questioning. As noted in The Curriculum for Wales, curiosity has to be actively encouraged and fostered, as it is both an attitude and a disposition (Welsh Government, 2022). Therefore, representing an important pedagogical technique in early years outdoor learning at Progression Step 1.
Literature Review
Current research strongly suggests that outdoor learning makes a critical and distinct contribution to the early scientific learning of young children. In this review, I explore research evidence concerning outdoor science learning, how teachers prompt, and how children are enabled to discover patterns and pose scientific questions, using the work of Schilhab (2021), Loxley et al. (2018, pp. 89-91), Waite (2020) and Cincera, Johnson and Kroufek (2020).
The Value of Outdoor Science Learning
Several authors agree that outdoor learning experiences in the natural world enhance scientific learning. Schilhab (2021) summarises 34 intervention studies, concluding that pedagogies actively engaging children with living beings or natural phenomena have more significant and sustained effects on academic learning, especially on the acquisition of content knowledge and the development of environmental awareness. She conceptualises outdoor science in this way through the lens of embodied cognition, which posits that young children engage with the living world in embodied, sensory-rich, physical ways. She argues that these rich learning experiences lead to deeper learning and increasing connectedness with the living world. This is a convincing rationale for outdoor science at Progression Step 1, which emphasises embodied experiences, how children think in their bodies before they think in words, and the importance of using the outdoor environment for children to think with as they are offered rich sensory experiences.
Loxley et al. (2018, pp. 89-91) concur, arguing that the outdoor setting can offer authentic and experiential opportunities to connect with the big ideas in science by experiencing living creatures, biodiversity, adaptation and ecology in the moment. Although he writes primarily about primary-aged children, rather than Progression Step 1, his argument that experiencing the living organisms and their environment underpins more authentic learning about scientific phenomena is a compelling and important rationale for the study in this paper.
Purposes, Practices and Barriers
The literature also highlights that outdoor learning practices differ and that there is diversity of interpretation and practice among different authors about the purpose of outdoor science learning. Waite (2020) uses data from an international survey to reveal how outdoor learning is motivated by different purposes across and within countries, such as health and well-being, academic attainment and the formation of responsible environmental citizens. Waite (2020) suggests that different purposes and learning outcomes require different types of outdoor learning, and this leads to a call for more tailored and differentiated provision, which is an important tension in the literature because, where scientific enquiry and thinking is not an explicit purpose of outdoor science experiences, there may not be much scientific enquiry actually taking place in the provision.
There is also agreement in the literature that outdoor science learning comes with practical challenges. Waite (2020) identifies barriers to more effective practice, such as the pressures of time, the availability and confidence of teachers, curriculum and statutory requirements, and perceptions of risk. This resonates with Schilhab's (2021) discussion of the fact that nature-based teaching of science carries high costs in terms of planning, effort and unpredictability. The potential openness and richness of outdoor environments, which are educationally valuable, might not be well supported by the early years teacher who needs to meet clear objectives in a given time frame.
The Role of Teacher Prompting and Experiential Learning
Authors concur strongly that the role of teachers in the outdoors is significant for the quality of the learning that takes place. Cincera, Johnson and Kroufek (2020) examined the ways in which experiential learning is perceived and enacted by outdoor environmental education programme leaders in five different centres. Three theories emerged from their data, which provide the theoretical basis for the beliefs and practices of programme leaders and their pedagogies to promote active experiential learning for children. They also found that programme leaders must have a clear and robust understanding of the role that children’s learning through experience has in outdoor education, to guide the experience more effectively. A teacher who conceptualises the outdoors as a space for freedom and fun will prompt and engage with the children differently from someone who conceptualises the experience as an opportunity for scientific enquiry.
Gap in the Literature
In this literature, there is strong support for outdoor science learning and teacher-led prompting. However, this literature review highlights some gaps. Schilhab’s (2021) work, Cincera et al (2020), and others focus more on older children and are not situated in the Curriculum for Wales. Loxley et al. (2018, pp. 89-91) is about outdoor learning in primary science, but not early years, nor are pattern finding and scientific questions specific areas of learning. Waite (2020) provides a good example of international comparative studies of outdoor education, but does not study discovery prompts as a strategy for supporting scientific questioning at Progression Step 1. There are no studies found in this literature that look specifically at how prompts for discovery outdoors, supported by teachers, might assist Reception children to find patterns and ask scientific questions in the Curriculum for Wales. Therefore, the study aims to fill the gap in this area through the contribution of practice-led research, with direct application and relevance to early years in the Welsh context.
Theoretical framework/methodology 
The positionality of this researcher has been chosen based on experience of working with members of the Reception class, and the children (ages 3 to 5 years) in particular, for many years, outdoors. Thus, informed is an understanding of how the very youngest children interact with and respond to the natural world and any wonders that arise from an opportunity to explore in the outdoors. It is also an awareness that the question a teacher raises during the moment can lead to further exploring of ideas, or it can hide them.
Holmes (2020) believes that “Positionality always plays a part in research design, implementation and interpretation” as it indicates the position the researcher has chosen to situate themselves within this societal structure. Furthermore, this position is not considered a problem which must be avoided but rather accepted to coexist with the studied data, embedded within the research.
Also, having spent so much time in situ, working with the same children, prior to and during the undertaken research, means that contextual information has a more varied cultural and local scope than perhaps when, for example, an external researcher would have been employed to collect the data. This same information is built in amongst the information contained within personal observations collected and classified within my learning companions’ relationship, mastery of various tasks.
Finally, there remains the consideration of the effect children's existing knowledge has on the researcher's best understood role in this case. Holmes (2020) advises that practitioner researchers must maintain a continuous awareness of their own roles, assumptions, relationships and values throughout the inquiry process, recognising that data collection is an ongoing and reflexive activity rather than a fixed or neutral one.
Ontology
Ontology refers to views held about the nature of reality, what exists and how this can be known (O'Leary and Tennent, 2025, pp. 5-6). This is the ontological position which this study adopts; broadly, reality is understood to be multiple, contextual and is shaped by experience and the interpretation of others. So, for example, a child's understanding of the patterns in a puddle or a change in a leaf as it transitions through seasons is formed by the child's experience, their relationship to the teacher and the outdoor environment they are in when these interactions happen. The reality of this occurrence is not fixed. However, there are some aspects of reality, for example, if the number of scientific questions asked by a child outdoors is counted and noted, these exist independently from interpretation. A purely constructivist ontology would therefore not be suitable for my research study as it does not cater for all the elements which must be gathered. I have therefore adopted a hybrid view which recognises both what is observable in reality and what is the interpreted lived experience in our daily lives.
Epistemology
Epistemology is concerned with the nature of knowledge; how knowledge is constructed and how that can form the evidence (O'Leary and Tennent, 2025, pp. 5-6). This is based on the epistemological position, which aligns with my ontology and is pragmatic. The pragmatic position is an acceptance that all knowledge is important for finding answers to the research questions. Therefore, if the research were strictly based on an interpretivist epistemology, it would not consider the evidence of the observable and quantifiable nature of children's outdoor enquiry behaviours. Alternatively, a positivist epistemology would miss the value of the teacher's reflection on their use of the discovery prompts, in context. Both are important to consider together and against each other as they provide different perspectives on the research questions and together give the most honest and full picture of the study.
The Research Paradigm
The research paradigm best suited to this research study is pragmatic. A pragmatic paradigm does not subscribe purely to a positivist or an interpretivist paradigm. Rather, it starts with the research question, as this drives any decisions about methodology (Coe, 2025, pp. 8). Therefore, as Morgan (2007) notes, the researcher can draw on whatever methods and approaches best suit the purpose, without being tied to an ontological and epistemological debate. Tashakkori and Teddlie (2010) identify that it is the most appropriate paradigm to use for mixed methods research, as the focus is on the practical outcomes of the research. This is a fitting paradigm choice for my study as, ultimately, in the early years, the value of research is in improving teaching and the learning experiences available for children to the Curriculum for Wales (Welsh Government, 2022).
Research methods/tools
A mixed methods research design has been chosen to address the research question because a single method would not provide a sufficient basis for an adequate answer. Using a single research method will not allow for an adequate answer to the research question. It requires one methodology to be able to observe what children do, and also another to know what early years teachers believe and experience when they use the outdoor discovery prompts in practice. This is because the mixed methods approach is used when both quantitative and qualitative data are needed to fully explore and gain an understanding of the research problem. According to Creswell and Creswell (2018), a mixed approach to research would provide more valid results than either approach alone. Therefore, the mixed methods approach to the research problem is more justified than any single method.
The research question has a quantitative observational element and a qualitative, perceptual element. The first asks what happens to the children’s scientific enquiry skills and behaviours when the discovery prompts are used outdoors. Quantitative data could be used to determine how many questions the children ask, the kind of patterns that they can notice and whether these change over time. The second asks what early years teachers think, do and experience with using the discovery prompts. Qualitative data in the form of teacher reflections will identify and provide the value behind these scientific enquiry behaviours, the context of what happened before and the decisions made by the early years’ teachers. In the context of early years research, it would be impossible to separate context, relationships and learning from one another. Johnson and Onwuegbuzie (2004) explain that the combination of these two data sources could provide a richer and more complex view than either alone would offer, and this was an important decision in the early years’ context.
Another benefit of a mixed methods approach in education research is that it allows for triangulation in the form of multiple sources of data to verify and enhance one another (Cohen, Manion and Morrison, 2018, pp. 33). If the observation data suggest that, for example, more scientific questions were asked by children as a result of using one outdoor discovery prompt, the teacher's reflections could help to understand why this happened and whether this is the case in other contexts. According to Morgan (2024), triangulation represents a vital mechanism for qualitative researchers to increase the validity and trustworthiness of their results.
By incorporating multiple data sources and approaches, researchers can avoid making determinations based on an overly limited set of evidence.
Furthermore, the ability of quantitative data to establish patterns across a group, while the ability of qualitative data to provide richness and individual responses, is important in outdoor early years research, as the children’s responses are not uniform. Bryman (2016) suggests that quantitative data can be applied to a group that would not be representative of the whole population, and qualitative research does not provide the same amount of sensitivity to the experiences of other people outside the situation.
The main limitation of a mixed methods approach is the amount of time it takes to research both the quantitative and the qualitative elements while simultaneously being a full-time teacher in a Reception class. Cohen, Manion and Morrison (2018, pp. 47) discuss that a mixed methods study could take much more time and effort than single-method research, and it also means understanding the different types of data to analyse them appropriately. Additionally, if there are conflicting results between the two data sources, it could make data interpretation complicated and contradictory. 
Xerri (2018) warns teacher-researchers of the dangers of being a researcher-insider concurrently because it creates major methodological problems, arguing that a researcher-insider must employ reflexive approaches and critical dialogues with colleagues to preserve the credibility and validity of the research. Similarly, Bukamal (2022) highlights the necessity for reflexivity for an insider in order to address and overcome such challenges related to being positioned as an insider. Given its constraints, mixed methods research is the most appropriate and robust method of research to pursue in this setting, as it would allow the teacher researcher to generate evidence that is both measurable and actionable. As such, it aligns well with the Curriculum for Wales (Welsh Government, 2022).
Research Questions
This study addresses three research questions. Each question focuses on a different aspect of how open-ended discovery prompts support Reception children to notice patterns and ask scientific questions when engaged in outdoor learning. All three questions have been carefully formed to follow a pragmatic mixed-methods research approach. This means that the research will produce both quantitative and qualitative data relevant to early years practice and to the Curriculum for Wales (Welsh Government, 2022).
1. The first research question: How do open-ended discovery prompts enable Progression Step 1 learners to notice patterns and ask scientific questions during outdoor learning?
This question will form the core of the study. It investigates a direct cause and effect relationship between the way that teachers ask children questions and how children respond to these questions when engaged in science outdoors. Lindfors (1999) argues that children's questioning is not simply a natural developmental process but is shaped by the conversational spaces adults create. It follows that the way in which teachers prompt and question in outdoor settings is a variable that will impact children's development as scientists. This research question will require the use of both qualitative and quantitative approaches. Systematic observation will be used as a tool in quantitative data collection. This will record the number of times and the different ways that children notice patterns and ask scientific questions, providing evidence of whether open-ended discovery prompts lead to more frequent pattern-recognition and questioning behaviours. Furthermore, qualitative data will be collected to provide an account of the circumstances in which the discovery prompts were most and least successful in achieving these goals. As Creswell and Creswell (2018) note, when a research question includes both quantitative and qualitative elements, it is most appropriate to use a mixed methods research design. Yet, as Cohen, Manion and Morrison (2018) add, the integration of multiple methods in mixed methods research is highly challenging and requires rigour at all stages of this integration.
2. The second research question: What kind of open-ended discovery prompts best enable early years learners to notice patterns and ask scientific questions during outdoor learning?
Unlike the first research question, which asks whether discovery prompts lead to scientific questioning and pattern-recognition in children's outdoor learning, this question will delve deeper and explore what type of discovery prompts work and why. This research question will be of particular practical benefit to early years teachers. Rather than simply affirming that prompts are a useful resource, this question will offer concrete recommendations. Bilton (2010) writes that it is the quality of the interaction of the adult with outdoor space that makes it a real learning experience. This question will therefore focus on the specific types of discovery prompts and their effect on children. This question sits within the interpretivist strand of the pragmatic paradigm and will require qualitative analysis of different prompt types and the children's responses to these prompts. As Cohen, Manion and Morrison (2018) note, qualitative methods are useful in capturing the nuanced and context-dependent nature of interactions between teachers and children by focusing on meaning and process rather than just on how frequently something occurred. Furthermore, Creswell and Creswell (2018) suggest that the credibility of qualitative research increases in mixed methods designs that combine quantitative and qualitative approaches. Qualitative evidence will be obtained via video and audio recordings of outdoor learning sessions where prompts were used and qualitative interviews with teachers who reflected on their use of prompts and their decisions on why they chose a specific type of prompt.
3. The third research question: how does the use of discovery prompts in formal, informal and non-formal outdoor learning experiences enable Progression Step 1 learners to notice patterns and ask scientific questions?
This question was identified because outdoor learning can take many different forms. A science walking expedition led by teachers, the child-initiated play of children in a school garden, or a trip to a wooded area are all qualitatively different outdoor learning contexts, in which the same open-ended discovery prompts may be effective or not. Rickinson et al. (2004) stated that research evidence on the value of outdoor learning does not usually consider the differences across learning contexts. They highlight that the context will have a significant effect on children's engagement with learning activities and the educational outcomes of those activities. Therefore, studies of outdoor learning which do not attend to the learning context may provide findings that are not transferable to the wider field. Creswell and Creswell (2018) note that researchers may strengthen their research design by collecting quantitative and qualitative data in multiple settings so that it provides evidence to increase external validity. Cohen, Manion and Morrison (2018) add that data from different outdoor contexts in mixed methods research enables the researcher to identify which variables appear to be consistent, regardless of context, and where variables are likely to have an element of context-dependent variation. These data will consist of comparative observation notes, descriptive qualitative field notes about the various outdoor environments, and qualitative data about the educators’ interviews, where they will discuss how the outdoor environment might have affected their decisions about the discovery prompts they offered, and the responses of the children.
These three research questions form an integrated set of interlinked questions, which begin with how discovery prompts impact children's scientific thinking, move on to which kind of discovery prompts work, and then explore how different contexts will shape the outcomes of discovery prompts. Creswell and Creswell (2018) write that mixed methods designs are particularly strong in research questions that include layered qualitative and quantitative questions, and they allow for qualitative and quantitative data to work together to produce a stronger overall answer than either alone could do. These research questions have been selected as their answers will have direct practical implications for how early years teachers who are following the Curriculum for Wales might use discovery prompts to enable children at Progression Step 1 to notice patterns and ask scientific questions in outdoor learning.

Summary
This study aims to explore the extent to which open discovery prompts can enable Reception children to notice patterns and pose scientific questions during outdoor learning as part of the Science and Technology Area of Learning and Experience of the Curriculum for Wales. Adopting a mixed methods design with a pragmatic research stance to ensure the production of layered and credible evidence through quantitative observation and qualitative teacher reflection, this study uses three research questions to determine how open discovery prompts overall can enable Reception children to notice patterns and pose scientific questions, what types of open discovery prompts can best encourage Reception children to notice patterns and ask scientific questions in outdoor contexts, and how effective the prompts are in different outdoor settings including formal, informal and non-formal. Furthermore, this study identifies and addresses a gap in current literature by providing practical evidence relevant to Reception teachers within Progression Step 1.
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