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Introduction
This study explores how discovery prompts used across formal, informal and non-formal outdoor learning contexts support Progression Step 1 learners in recognising patterns and asking scientific questions, within the Science and Technology Area of Learning and Experience of the Curriculum for Wales (Welsh Government, 2022). From the earliest years, children bring a powerful drive to notice, question, and figure out how things work. The outdoor environment feeds this drive in ways that classroom walls simply cannot — every puddle, frost-covered leaf, and patch of soil presents a genuine invitation to think scientifically (Waite, 2011, pp. 180-182).
The research question asks: how does the use of discovery prompts across formal, informal and non-formal outdoor learning contexts support Progression Step 1 learners in recognising patterns and asking scientific questions? This question matters because outdoor learning takes many different shapes — a teacher-led nature walk, a child freely exploring the school garden, and a woodland visit are not the same experience and carry different possibilities for scientific thinking. Context is often neglected in these studies (Waite, 2020), yet Rickinson et al. (2004, pp. 5-6) state that 'contexts make a difference to how children interact and the learning outcomes that result'. It is in light of this that the study presented in this thesis was designed to generate practice-based evidence through a Reception context, resulting in evidence-based findings that early years teachers in the Curriculum for Wales can use directly.
Method
A mixed methods design is best because one approach alone could not answer the research question. Each of the three contexts for outdoor learning, formal, informal and non-formal, would require different types of data; different kinds of analysis; and different interactions with children and their environment. Creswell and Creswell (2018, p.92) claim that mixed methods are suitable for research problems that cannot be adequately researched with either a quantitative or qualitative approach alone, and Mertens (2015, pp.332) suggests that a mixed methods approach is necessary when there are multiple contexts because each context needs different types of data to answer a question. If there were just a quantitative approach, it would generate comparable data for all the contexts, but would miss the conditions, relationships and choices that contributed to the data. If there were just a qualitative approach, it would generate a lot of depth and richness, but would it be possible to know whether the differences were genuine between the contexts? Or were they anecdotal and coincidental? With a mixed methods design, it is possible to move between breadth and depth; as Greene (2007, pp. 117-118) argues, the research design moves back and forth between qualitative and quantitative, responding to each context appropriately.
Triangulation provides strength for this design. Denscombe (2021, pp. 198-199) talked about how triangulation is an important aspect of strengthening findings in practitioner-based research, so that data from one strand is triangulated with data from another strand. For example, if the quantitative data showed that children ask more science-related questions during informal, child-initiated outdoor exploratory learning than during the formal, structured, adult-led outdoor lessons, the qualitative data could be used to look at why this was occurring. Was the type of prompt using a factor? Was the interaction between the teacher and the child? Was it the conditions of the environment? It could be that quantitative data and qualitative data are in productive tension, and that this is what strengthens the findings rather than complicates them (Gorard and Taylor, 2004, p.10). For this study, the differences between the three outdoor contexts mean that this is particularly relevant.
It must be acknowledged that there are some drawbacks to the mixed methods approach as well as strengths. Combining quantitative and qualitative approaches requires considerable time, a lot of planning, and expertise to analyse the data correctly. Combining this with full-time teaching is an onerous process, particularly as part of a one-person doctoral research project. For example, Bergman (2008, p.191) states that with mixed methods research, the researcher needs to have expertise in both strands and that there is always a danger that the qualitative strand might be viewed as 'less rigorous and scientific' than the quantitative strand. This must be avoided in the design and execution of the mixed methods approach. Jeff Mann et al. (2022)  also note a drawback with researching young children in an outdoor environment. They say that there could be many confounding factors that could lead to different responses by children to any particular type of scientific discovery prompt, and therefore, it is important to note any possible confounding factors in the data collection stage. Factors that could contribute towards the responses of children at an outdoor discovery point are their mood at the time of the enquiry, environmental factors such as the weather, and how other children are engaging with the outdoor setting. These confounding factors will be carefully collected and noted as part of the quantitative data strand and the qualitative data strand, and these factors will be considered in the analysis and discussion of the findings for all three outdoor contexts. Despite these drawbacks, the mixed methods approach remains best suited for this study, because it will lead to the generation of evidence which is measurable and meaningful for this study, in the context of the Curriculum for Wales (Welsh Government, 2022).
Sampling
The decision of how to sample a study has real implications on the quality, validity, and transferability of the research. Two sampling methods have been selected as part of this study into how discovery prompts from formal, informal and non-formal outdoor learning contexts support Progression Step 1 learners identifying patterns and asking questions: purposive sampling and convenience sampling. These different methods are being used for different reasons.
Purposive sampling constitutes the principal research method and involves the intentional selection of individuals according to their specific characteristics that make them the most appropriate to address the questions of interest  (Campbell et al., 2020). Participants have been deliberately chosen for this research in the form of reception children aged four to five years and their early years teacher. It was felt they were most appropriate for this study, as they are situated within Curriculum for Wales Progression Step 1 and are to be observed in outdoor, formal, informal and non-formal learning contexts.
Research does not seek generalisability of findings, as purposive sampling is concerned with not representing the whole population of people, but rather with selecting those who are likely to illuminate the research best (Andrade, 2020). The aim is instead to achieve an understanding of a few participants and phenomena (Palinkas et al., 2015). Purposive sampling is, therefore, an appropriate option for this research as participants are chosen for the value of what they may reveal about the context (Andrade, 2020), rather than their representativeness of a population.
A purposive sampling frame of a case study was chosen. Here, the Reception class was the case, a sample of the same teacher and Reception class from one school, within three different outdoor learning contexts. Yazan (2015) suggests that case study sampling is particularly useful for educational research as it enables the researcher to concentrate on ‘learning as it happens within its own specific context, with careful regard to the contexts, circumstances or conditions’ that constitute and influence learning. According to Stake (2010, pp. 277), an in-depth study of a case or a small number of cases can yield more detailed, valuable insight and thus produce a richer understanding than research that draws from a large sample.
Convenience sampling was adopted as a secondary form of sampling in this study. My workplace, the school, formed part of the sampling frame. This choice was justified as I was already based in the institution. It was deemed an easy and convenient choice in terms of sampling, as I work at a mainstream school and was able to access participants easily. Furthermore, this choice was appropriate in terms of the time I was required to spend teaching and conducting research, as my school fits these requirements. Etikan, Musa and Alkassim (2016) noted that convenience sampling is particularly appropriate for smaller-scale research that is focused on answering a specific research question. Newby (2014, pp. 23) further observed that when conducting research in one's own setting, convenience and purposive sampling can naturally overlap, and that this should not be regarded as undermining the quality or accuracy of the data collected, since the researcher already possesses familiarity with the environment and is well placed to build trust and rapport with participants.
The sample is small. The whole Reception class, which has approximately twenty-five children, was included for the observational method. A smaller group of six to eight children were more thoroughly observed in all three outdoor learning contexts, which were selected through a purposive sampling frame. "The sample size should be large enough, but it is not the primary goal of the study; the goal is to collect information-rich data that will best describe the participants of the study (Palinkas et al., 2015). This is a good use of two different types of sampling for this small-scale mixed methods research study. Creswell and Plano Clark (2018, pp. 175-177) suggest that it is perfectly acceptable to utilise multiple sampling procedures in a mixed methods study, as long as there is logic and coherence among these procedures relative to the pragmatic approach of the researcher to the study.
Ethics
From the early planning stages to the final publication of results, ethical issues need to be considered at every stage. There is a heightened ethical awareness required in research involving young children, due to the inherent vulnerability of the children in relation to adults in a position of authority within institutional settings. This awareness should not only be a one-off tick box on a consent form but an ongoing concern requiring constant reflection and response to issues during the course of research (Bell, Waters and Johnson, 2024, pp. 80-82 ). In early years research, this issue is compounded by children being small and young, the researcher having authority, and a blurred boundary between teaching and research.
It is a requirement that informed consent be gained from parents/carers. Gray (2022, pp. 84-86) notes that, while informed consent may seem merely a procedural formality, it needs to be understood by parents/carers and that they need to be informed about what they are agreeing to. Parents/carers need to be fully informed on how data will be collected, stored and what rights they have. Consent will be sought in writing from all parents/carers prior to data collection. An information sheet in a clear, plain English style, describing the nature and purpose of the research, the outdoor contexts, and the ways that confidentiality and anonymity will be maintained, will accompany the consent letter. Gray (2022, pp. 83) also states that all researchers should aim for the principles of informed consent, such as voluntary participation, full information, comprehension, capacity, right to withdraw, confidentiality, and anonymity, and make it possible for everyone to understand the nature of consent.
As the dual role of teacher and researcher will need careful management, children's assent must also be gained and respected. Assent is different from consent, as while parents/carers give consent legally, assent is about what the child wants to be involved in. Oulton et al. (2016) conducted a scoping review of the issue of assent in research with children and noted that assent needs to consider the following:
· child-related factors
· factors relating to the family
· the study design and complexity of the research
· factors regarding the researchers and the research organisation
They note that assent must not be tokenistic and must instead focus on how it can be done and in conjunction with children. Assent will be sought by verbal explanation with the aid of visual prompts if required. It will be regularly reinforced with reminders that there is no consequence to their involvement or otherwise with their teacher. 
Participants may feel unable to opt out if they believe they are being told that is what to do because the teacher said so, so this aspect will be carefully considered. The right to withdraw will be discussed continuously throughout the course of the research, rather than on the information sheet only. In the course of the research, the verbal comments and facial expressions of the children will be monitored while they engage in the sessions outside in the park. Any signs of hesitation or unwillingness to continue with the study will result in their data being excluded from the final analysis (Gray, 2022, pp. 93). 
In order to keep data confidential and anonymous, children must not be easily identified by others. To ensure anonymity, all written work, transcriptions, and published material will refer to participants using pseudonyms. However, Johnson, Bell and Waters (2024, pp. 84-85) warn that if the setting is small and the detail provided is specific, anonymity may not provide enough cover. All data collected will be stored in a password-protected space on a secure computer, which will only be accessible by the researcher. Once the research project has concluded, data will be deleted. Johnson, Grey (2022, pp. 85) points out that ethical considerations go beyond data protection. They point out that it is not ethical to report only data that aligns with expected outcomes, and that results should be reported in an honest and transparent way.
Research tools 
Choosing the right data collection instruments is essential, as the tools used affect the validity and reliability of the evidence collected. The four selected for this study, which seek to examine the efficacy of discovery prompts for supporting learners at Progression Step 1 to notice patterns and to ask questions scientifically across formal, informal and non-formal outdoor contexts, are: assessment against the What Matters statements of the Science and Technology AoLE at Progression Step 1, systematic observation schedules, narrative observation records and work scrutiny. Quantitatively, the first two tools have their advantages and disadvantages. Qualitatively, the last two tools also have advantages and disadvantages.
Assessment against What Matters Statements
The first quantitative tool for this study is an assessment against the What Matters statements of the Science and Technology AoLE at Progression Step 1 from the Curriculum for Wales (Welsh Government, 2022). These What Matters statements spell out the main aims for science learning at this stage and include, amongst others, observing, identifying patterns and asking questions scientifically. Using these as an assessment frame provides relevant evidence linked to the curriculum as to whether engagement with discovery prompts enables observable progress to occur for all three outdoor contexts. The strength of this is that it is aligned directly to the Welsh curriculum and therefore provides meaningful, educational evidence of progress. The systematic review by Lao (2021) on formative assessment posits that assessment is educationally worthwhile only if it is aligned very closely with clear learning intentions, and that it is difficult to put into operation in practice assessment criteria that are expressed vaguely or in general terms. Doyle, A. et al. (2023), cited in Skarberg (2024), note that teachers are susceptible to confirmation bias in their assessment judgements, particularly when grading students based on prior behaviour or impressions formed in previous years rather than their current academic performance. This is directly relevant to your point about teachers carrying preconceived ideas about individual children. In their systematic literature review of direct observation systems used in early childhood education research, Al-Hendawi et al. (2025) state that a key advantage of using standardised observation systems is that they can provide a reliable measure to assess the behaviour of a child objectively and systematically, since the same coding scheme is used across many studies. Nevertheless, as Mwita (2022) states, systematic observation, being a type of quantitative data collection, has this shortcoming: it only measures the occurrence of something, without providing the reasons why an activity or an interaction happens or the causes of it. Hence, its reductionist nature necessitates that, as a data collection method in this study, systematic observation will not suffice, but will be used with other methods.
Narrative observation records/field notes
The first qualitative tool employed for data collection is narrative observation, which involves detailed written accounts of how children engage with discovery prompts. Such accounts will record the actual language of the children as well as interactions with teachers, the conditions outside and an account of what goes on minute by minute. Creswell and Poth (2023, p. 205 and 311) describe this kind of qualitative observation as particularly useful in that they can be observed in the natural settings where the behaviour is expected to occur, thereby providing context for analysis. In the outdoor settings for this study, the presence of unexpected living beings, sudden rain and a change of wind or spontaneous observations can all alter the session as a whole, for example. Flick (2023, p.287-289) believes that qualitative observation is an approach to data collection that yields a thick description that is fully contextualised and that is used to explain why things happened, why things developed as they did and why others did not. This is vital in that it provides a means to understand the quantitative data that are collected in this study. The limitation of narrative observation is that it can only record a small proportion of events in the session. As Gray (2022, p.443-446) argues, observation notes or records are not objective, they are the result of observation. Therefore, reflexivity is important when reading the accounts.
Work Scrutiny
The final, qualitative, tool for data collection for this study will be work scrutiny in the form of analysing children's drawings, mark-making and photographs that have been produced during or following the outdoor sessions. According to Podobnik, Jerman and Selan (2024), children strive to give meaning to the world around them. They construct and communicate that meaning by drawing on their existing knowledge and experiences in dialogue with people and objects around them; indeed, they maintain that drawing constitutes as much a process of thinking as a process of expressing thought. For them, then, children’s artwork provides a richly suggestive and direct manifestation of their understanding.
Document and work analysis can be seen by researchers as a strong and useful qualitative research method because “a researcher can analyse documents without the researcher’s need to come into direct contact with a participant or source of the document material. This can help avoid or reduce problems related to ethical principles and avoid the effects that a researcher’s presence can have on the documents being produced” (Morgan, 2022). 
However,  Søndergaard and Reventlow (2019) also point out that when using drawings as a research tool, it is important to allow children to comment on their own drawings, because the resulting data is much richer, less likely to be distorted by adult projections, and more representative of children’s own views on what the drawings represent.
Collectively, these four tools provide a coherent and mutually reinforcing evidence base and are therefore considered to be both meaningful and measurable. The findings will apply to all three outdoor contexts as this study seeks to understand children's engagement in all three types of outdoor learning.
Data analysis method
As part of the data analysis process of the research, there are two different types of data to deal with: firstly, numerical data collected through the systematic observation schedules and curriculum-based assessments, and secondly, non-numerical data collected through the narrative observation sheets and work scrutiny. Two methods of data analysis are to be employed: statistical analysis of numerical data and thematic analysis of non-numerical data. Both will be combined at the interpretation stage to ensure a well-rounded result.
For the quantitative evidence, a descriptive statistical analysis will be applied in relation to the number or proportion of children's pattern recognition and question formulation scientific inquiry skills in formal, informal and non-formal outdoor learning contexts. Kanaki and Kalogiannakis (2023) note that the choice of statistical analysis depends on the level and type of study and suggest descriptive statistics is suitable for the present quantitative study; they also state that the use of inferential statistics is inappropriate for practitioner research as this requires a larger sample and a wider, representative sample of the population, and better controls of variable, both of which would be difficult to meet in a school environment.
However, purely descriptive statistics are limited in their ability to offer context and explain why children might exhibit certain types of behaviour. Without the added depth of qualitative analysis to provide meaning to the quantitative information, it becomes possible to obtain data that is factual but lacks explanation, with insufficient insight into what has led to the observed child behaviour being revealed (Pregoner, 2024).
Therefore, this research project will also make use of qualitative analysis. Qualitative analysis will complement quantitative analysis to ensure that results are pertinent and adequately relevant to the research objectives. Sefotho (2025), in a review of a systematic literature on the thematic analysis in education (2014 to 2024), posits that thematic analysis is an appropriate qualitative analysis technique in education due to its flexibility and capacity to identify themes and patterns. Flick (2023, pp. 440-441) similarly identifies thematic analysis as effective when utilising qualitative evidence generated through multiple sources, for example, the narrative observation records and work scrutiny. Gray (2022, pp. 449), however, cautions that thematic analysis is prone to criticism as being overly subjective and unsystematic. He adds that the quality of the data and analysis generated by this method of analysis is often a direct reflection of the skills and rigour of the researcher. Sun, Hsieh and Gao (2025) acknowledge the potential for those conducting thematic analysis to report their findings selectively and suggest that detailed accounts of the analytic process and reflexive practices are key methods for bolstering rigour and transparency.
This integration of both strands will follow what Creswell (2022, pp. 58) refers to as a convergent mixed methods design, which entails quantitative and qualitative data being analysed separately and brought together during interpretation. Where they converge, this will add credibility. Divergences, however, will be taken as significant in their own right and prompt further questioning of the differing nature of the discovery prompt in different outdoor environments.
Conclusion
The purpose of this study is to explore the extent to which open-ended discovery prompts in outdoor learning environments, both formal and informal, promote Progression Step 1 learners’ ability to identify patterns and ask scientific questions within the Science and Technology AoLE of the Curriculum for Wales.
A pragmatic, mixed methods research approach is adopted with a mixed methods research design incorporating quantitative tools, which are curriculum-based assessment and systematic observation, and qualitative tools, which are narrative observation and work scrutiny, to allow for the layered accumulation of evidence, which is credible in nature. A purposive sampling approach with convenience sampling will determine the participants and context of the study, which is situated in one reception classroom. This study aims to develop evidence-based findings that will have direct implications for how EY teachers are planning and facilitating outdoor science learning at Progression Step 1.
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