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An Exploration into how Early Years Teachers Teach Science in Early Year
Literature Review
Today, there is growing body of literature exploring the importance of learning of the sciences in the early years. Science may be defined as a body of knowledge and the set of activities that expose or result in such knowledge (Akman and Güçhan Özgül, 2015).  Existing literature in this area suggests that, by introducing science in developmentally appropriate manner, practitioners may help support children’s sensory exploration as well as provide essential foundational skills for lifelong science learning (Cabe Trundle and Saçkes, 2021; Cabe Trundle, 2015). When developmentally suitable, science learning activities can help children to better explore their world, to effectively collect and organize information, apply information and test ideas (Burns et al. 2025). The introduction of science and other stem subjects in ECE has been linked to better understanding of course and effect and improved problem-solving skills (Burns et al., 2025; Unal and Saglam 2018).
Whereas practitioners may choose play and direct instructional approaches to the teaching of the sciences, play is particularly essential to the development of core scientific concepts of science. Though play may be defined variably, it can generally be considered as any activity that excites or motivates the child and that frequently involves some physical or intellectual engagement (Kelly-Vance and Ryallis, 2008; Akman and Güçhan Özgül, 2015). Play has been considered an essential learning medium which helps children to seek knowledge and to explore their environment, an effective pedagogical tool (Akman and Güçhan Özgül, 2015; Trawick, 2012). In a study seeking to investigate the impact on play versus direct instruction on children’s grasp of scientific concepts, Bulunuz (2013) reported that children taught science through play were better able to understand science concepts. Similar findings have been reported by Fragkiadaki and colleagues (2021). In their exploratory qualitative study, the researchers determined that children could develop better argumentations to express their concepts of science phenomena during dramatic play. 
Science learning and teaching in ECE can be categorized into inquiry-based, problem-based and project-based types. Inquiry-based science learning emphasizes curiosity, being rooted in experience and reflection (Albion, 2015; Bybee, 2010). In this model, ECE educators work with children to ask questions, investigate solutions, gather information while creating knowledge (Bybee 2015; Ruiz-Martín and Bybee, 2022). Information and discoveries are discussed with the learner and the learner encouraged to reflect on the newfound knowledge (Albion 2015). The 5E model presents a practical approach commonly used to scaffold inquiry-based science learning in EC education (Bybee, 2015; Ruiz-Martín and Bybee, 2022). During the engage phase, the instructor uses questions to generate interest and help the child to become curious and focus on observation of nature. The instructor helps the child to connect past experiences to new topics and observations . The explore phase involves asking questions to encourage the child to explore the environment, processes and events helping guide them to engage in productive investigations. In the explain phase, the EC teacher may use questions to help the learner to synthesize new understanding and to make sense of their investigations. The learner uses evidence from their investigations to make connections . 
Project-based learning involves what is termed as learning by doing (Albion, 2015). In this model, EC instructors work with children or learners to formulate meaningful projects. To be meaningful, the project must contain significant content being able to link to the curriculum and elicit the learner’s interest (Albion, 2015; DongJin and Mohamad, 2024. The project may be initiated with an event which engages the interests of the learner and which makes the project relevance clear to the learner. It should seek to provide answers to relevant questions linked to the curriculum and should take into account the choices and voices of the learner. The project should encourage in-depth inquiry and provide opportunities for evaluation. Project-based science education encourages critical thinking providing children with authentic problems which motivate search for solutions (DongJin and Mohamad, 2024; Dinsmore and Fryer, 2023).
In recognition of the role of play in science learning, several regulators and authorities have come up with policies that encourage integration of play in early years practice. The National Association for the Education of Young Children guideline (2018) requires that early year education curriculums include activities that encourage learners to use their five senses to explore, observe and even experiment with scientific phenomena. Instructors are encouraged to provide experiences and materials which may allow children to not only collect data but also represent and document their findings. Whereas the Department of Education early years foundation stage framework does not prescribe a specific teaching approach for the sciences, it acknowledges the place of play in encouraging learning and require integration of play in learning (Department of Education, 2025). 
Despite the foregoing, there remain gaps in the implementation of science teaching and learning in early childhood education. For some EC teachers, the lack of STEM content knowledge remains a major problem (Leung, 2023). This makes it challenging to prepare and to implement science teaching curriculum . Additionally, there still remain considerable gaps in understanding how ECE learners and instructors approach science learning and teaching respectively (Raven and Wenner, 2022). Even when the role of play in science learning is well-appreciated, few studies examining the context of such play activities exist and their influence on science and math concept learning is still not sufficiently characterized (Akman and Güçhan Özgül, 2015). As a result, there is definite need for additional studies in this respect.
Methodological Considerations
Chosen Sample
In research, a sample may be defined as a subset of a population from whom data is collected. For the purpose of the proposed study, the sample will include 41 classrooms in Swansea. The sample size will include approximately 600 children and about 100 teachers. The study seeks to include both learners and teachers to provide multiple perspectives on learning. The teachers included in the study will provide insight into instructional strategies and classroom management during learning. The children will provide important feedback on engagement and effectiveness of the learning techniques employed in the classroom. Including both teachers and learners will help the researcher to better understand interactional dynamics as well as capture key contextual factors influencing the learning process (Siddig and Alkhoudary, 2018).
What Type of Sample is it
The proposed study will use purposive sampling. This is a type of non-probability sampling strategy in which participants are selected on the basis of specific characteristics or experiences that are considered relevant to the study (Palinkas et al., 2015). In the proposed study, teachers are selected because they possess specialised knowledge and experiences and viewed as experts on the subject. Purposive sampling ensures targeted relevance which can result in information-reach sources that are highly useful for the research question . Purposive sampling ensures efficiency by concentrating resources on participants who are most likely to yield deep and relevant data. Despite the foregoing advantages, purposive sampling has limited generalizability (Patton, 2015). The sample may not be sufficiently representative and, as a result, the data may not be generalized to the larger population . This type of sampling has inferential limitations as this may require probability samples. 
The chosen sample size of 40 classrooms, 600 children and 100 teachers will ensure sufficient statistical power taking into consideration resource limitations. Too small a sample size frequently yields false negatives and increases chances of failing to detect otherwise real effects (Button et al., 2013). When researchers fail to answer research questions, participants’ and researcher’s time is often wasted. On the other hand, too large a sample size can be extremely costly and may detect trivial, meaningless differences that may make data interpretation difficult. 


Chosen methods for the research project
The proposed study will use mixed methods. In effect, the study will employ both quantitative and qualitative techniques. Quantitative studies frequently make use of structured data collection instruments with predefined variables. These studies employ statistical techniques to statistically measure a phenomenon and test hypotheses (Creswell and Creswell, 2018). Quantitative research allows researchers to generalize findings to their target populations provided that the sampling technique is appropriate and that the sample size is sufficient. This method allows researchers to produce potentially precise and replicable findings which can be useful for hypothesis testing as well as causal inference . Additionally, quantitative research may allow for better comparison of findings across different groups. However, studies employing pure quantitative methods risk missing out on context and nuances structured measures frequently overlook emergent and contextual factors (Sapkota, 2024) The study instruments employed in quantitative studies are often rigid risking producing superficial measures that are culturally misaligned. Additionally, these studies often require comparatively larger samples making them costlier and more logistically complex.
On the other hand, qualitative research makes use of rich and detailed non-quantitative data often collected through interviews, focus groups, observations or document analysis. This approach aims to better understand participant perspectives and contextual factors that are relevant to a phenomenon or phenomena. This way, qualitative studies help produce rich descriptions of target phenomena or subjects and help inform theory development (Tracy, 2010) The researcher may better capture complexities and the lived experiences of participants. The researcher may better explore emergent and potentially context-specific factors that may then inform additional studies (Tracy, 2018). However, results of qualitative studies can be difficult to generalize (Mwita, 2022). There is risk of sampling, data collection and data interpretation biases when the researcher does not appropriately utilize reflexivity triangulation and audit trails. This may limit usefulness and trustworthiness of the data. 
On the other hand, mixed method studies will combine qualitative and quantitative techniques for data collection, analysis and interpretation (Oranga, 2025). Mixed method approach allows researchers to triangulate evidence further strengthening the validity of their findings . Mixed method studies provide the advantage of generalizability of quantitative technique and the richness or depth or qualitative methods . Mixed method has been selected for the proposed study because it allows the researcher to generate comprehensive responses to the ‘what’ and ‘how’ of science education in early years practice .However, mixed method studies may require more resources and time. In some instances, it may be difficult to integrate quantitative and qualitative data and findings risk being disjointed or otherwise difficult to reconcile (Östlund et al., 2020).
For data collection, the proposed will use both interviews and observations. The data collector will observe learning and activities in the classroom around teaching of science. Interviews are, in essence, researcher-led conversations (Kvale and Brinkmann, 2009). The interviews will include open-ended questions to explore the experiences, and practices that occur in the context of science learning in the classroom. The interviews will include structured and semi-structured elements with teachers and, where necessary, learners. Interviews are useful because they will allow for in-depth understanding . Semi-structured and non-structured interviews will allow the researcher to explore the rational for specific student science learning strategies, motivation and sense-making as well as instructional rationales. Since the interviews are semi or non-structured, the interviewer may be able to probe emerging issues as well as clarify responses and seek additional explanations. This encourages responsiveness and may help generate rich data. The interviews will help to capture the perspectives of the study subjects on classroom events as well as help to better understand constraints that shape lesson delivery. Despite the foregoing advantages, participants may be tempted to offer socially desirable responses leading to reporting bias (Krumpal, 2013). Semi-structured and non-structured interviews can yield rich but also heterogenous data that may be difficult to systematically compare (Kakilla, 2021).
Observations involve systematically watching classroom activities including teacher-learner interactions. These are frequently recorded, coded and interpreted to generate meanings. Observations are important because they provide direct evidence for behaviours- something that may not be revealed during interviews. Observations will allow the researcher to note how instructions unfold in the class context and how lessons are paced. Despite these advantages, there is risk of reactivity when learners and instructors change how behaviours due to be observed (Mostafazadeh-Bora, 2020). This is termed the Hawthorne effect. In such instances, the participate perceives that attention is focused on them, that the situation demands socially desirable conduct and then respond in ways they think are considered desirable. Since observed changes frequently reflect reactivity and not the true effect of an intervention, the validity of the observation may be negatively impacted and the changes may not reflect usual or typical behaviour (McCambridge et al., 2014). Prolonged engagement as well as repeated observations may help reduce the Hawthorne effect since participant response tends to stabilize gradually. Additionally, researchers could consider using unobtrusive measures where possible to reduce risk of participants focusing on being observed or the objects of the study (Angrosino, 2007). In some cases, it may help to first collect baseline data before starting the actual observation or intervention. This helps the researcher to effectively characterize pre-intervention behaviour. 
The halo effect occurs when the researcher, observer, rater or respondent allows one or a limited set of attributes to disproportionately affect their assessment of performance or other relevant measured constructs (Bechger et al., 2010). For example, a teacher’s enthusiasm may inflate ratings on classroom management or some other performance measures even when the two are not related. This can reduce the degree to which the measure effectively assesses the construct being measured. This bias can inflate correlations and, eventually, generate erroneous conclusions
In research, triangulation refers to the intentional employment of several methods, data sources, perspectives and investigators in the study of the same phenomenon (Carter et al., 2014). This helps to ensure that findings are cross-verified. For the current study, triangulation will be necessary as it may help to increase trustworthiness and credibility of the finding (Heale and Forbes, 2013). Triangulation will allow the researcher to check if and to what extend different approaches yield the same conclusions. Triangulation will potentially improve construct validity by helping reduce reliance on a single perspective or measure (O’Cathain et al., 2010). This will help to increase confidence in the findings of the study as well as provide comprehensive and richer understanding of learning and teaching approaches (Carter et al., 2014). 
Although questionnaires were considered for data collection, they may not be suitable for the current study. These are often closed-ended and may not help the researcher to capture the complex motivates and contextual explanations in the learning environment. There is also the risk of low response rates which can reduce the sample size (Groves and Peytcheva, 2011). The researcher may not have control over the response environment and respondents may consult others before responses.





Ethical Considerations
Gaining Consent from Participants 
Ensuring sufficient consent requires that participants are thoroughly informed about the various elements of the study. An information sheet should be provided. This helps participants to closely consider the benefits and risks and make own informed decisions regarding their participation. The information sheet should be written in simple language, translated if need and age-appropriate for children and parents or guardians. It should similarly provide an explanation of for how to opt out of the study. For children, assent should be sought in an age-appropriate manner before beginning any activities and should be rechecked before undertaking sensitive tasks (Askari et al., 2024). The researcher should provide multiple ways to consent and should allow time for questions from participants. It is essential to explain that participation or lack thereof is not to affect grades, services or relationship with teachers. The researcher should make it easy for participants to withdraw from the study if they should so need to . For instance, participants can withdraw consent or assent verbally in the class or write a note to the teacher. 
Researchers must look out for situations when participants do not want to continue in the study. This may take the form of explicit or implicit (Kamuya et al. 2015). It is explicit, for example, when teacher or a child says ‘no’. Participants may decline to sign consent or assent forms or may otherwise withdraw signed consent. In these cases, the researcher must treat such explicit refusals as final and must immediately cease data collection. Parents or guardians may contact the teacher or researcher revoking assent or consent. Such instances are to be treated as definitive evidence of refusal for participation and must be respected. In some instances, participants may fail to return consent forms even after reminders from the researchers. This should be treated as refusal of participation and such potential participants are to be excluded from participation (University of Liverpool, n.d)
Additionally, researchers must look out for subtle signs or dissent or discomfort during activities (Coyne, 2014) These signs may be verbal or behavioural. For example, participants may withdraw from group activities, avoid some activities, remain silent when asked to contribute or attempt to leave an activity setting . In other instances, a participant may verbally ask to be excused from an activity or activities or express emotional or physical discomfort . In other instances, a practitioner may note and inform the researcher that a child is uncomfortable with a certain activity. These instances may indicate reluctant compliance and the researcher must treat them as withdrawal to ensure participant agency. 


Showing Openness
Ensuring openness requires that the researcher avails a detailed information consent for the specific study. The informed consent is to include plain-language statement of purpose explaining not just what the study is trying to assess but also the importance therefore. The researcher is to include a brief explanation of how the findings will be used and who may access the findings. The sheet should clearly describe research activities, time investment, location, frequency, whether there will be recording and observation (University of Liverpool, 2024). The information sheet is to provide a brief but concrete description of any possible risks including discomforts, and any potential direct or societal benefits that may result from the study. The researcher should supply information regarding how data will be collected, recorded and handled including how it will be stored, who can access the data, duration for which the data will be stored, how and with whom it will be shared (University of Liverpool, 2024; Data Protection Act, 2018; Health Research Authority, n.d).)  Researchers must explain that participation is voluntary and that withdrawal or refusal to participate will not result in any penalties to participants. Participants should also know how to contact the researcher for withdrawal and explanation of what will happen to data that has already been collected .
Similarly, the information sheet should provide explanation of how consent or assent will continuously be reassessed. Alternatives and accommodation for non-participants will be explained as well as contact details for researchers. An age-appropriate explanation, including a visual explanation of the study will be supplied (University of Liverpool, 2024). The information sheet should include what identifiers will be collected, how those identifiers will be stored, anonymization plan and any limitations to confidentiality (Health Research Authority, n.d).
To ensure utmost openness, there will be several levels of consent. At the institutional level, approval will be sought from the ethics board. Approval will also be sought from the participating schools before approaching teachers and families. Active parental or guardian consent will be sought to ensure further transparency. For teachers, signed consent will be sought with explicit options to withdraw of refuse to participate. Child assent will be obtained on an ongoing basis, and any changes to the same documented and actioned accordingly (Cotrim et al., 2021).
Protecting Confidentiality and Anonymity 
Early year education researchers must ensure to provide confidentiality and anonymity (Bertram et al., 2025). By collecting only what is necessary for effective analysis, the researcher can reduce risk of breach of confidentiality . By using coded identifiers right from the onset of data collection, researchers can reduce risk of identification and re-identification further promoting confidentiality. For audio notes, sensitive speech should be summarized rather than quoted verbatim (Felzmann, 2009). If it is necessary to quote verbatim, identifying information may be anonymized . 
In addition to anonymization and limiting data collected, researchers must also implement technical and administrative safeguards . Electronic data should be stored on encrypted drives and servers with role-based and restricted access (Information Commissioner Officer, 2023). Individuals who have access to research data should be provided training on confidentiality. The researchers must set clear retention and destruction policies and ensure secure deletion and shredding procedures. 
Anonymization should be done early and, where possible, irreversibly (Zlatko Delev, 2025). The names can be replaced with codes and small-scale demographics such as birthdate must be removed or generalized . Classroom-level results must be aggregated. There is need for clear processes for reporting any data breaches. In those cases, affected participants may need to be notified and any potential harms addressed. Regular auditing may be necessary to check storage safety, access logs and adherence to protocols for anonymization. 
Risks and Mitigation Techniques 
Participant
Participants may experience embarrassment, anxiety of may be upset from questions asked, tasks assigned or feedback provided (Sim and Waterfield, 2019). For these cases, researchers may offer breaks, or even stop an activity when a participant becomes agitated or otherwise distressed. Participating in class learning activities may alter peer dynamics and some participants risk being excluded. The researcher is to anonymize reporting and to brief the instructors techniques to ensure inclusivity. To avoid confidentiality breach, the researcher is to limit access to data and to encrypt files to make it difficult for unauthorized access (Myers, 2025). To avoid coercion, consent or assent is to be obtained privately and emphasis on zero penalty on non-participation emphasized (Felzmann, 2009). 
The researcher
For the researcher, potential risks include physical safety risks, psychological and emotional risks, interpersonal conflict and aggression, professional and reputational risks, legal, ethical data breach and role conflict issues (Rice and McAllum, 2025). To reduce these risks, there is need for effective and ongoing risk assessment including conducting pre-visits to generate comprehensive safety plan (Social Research Association, n.d). Mandatory training on safeguarding, safety reporting and data protection is essential for ensuring personal and date safety. There is need for an incident response plan to cover physical incidents, aggressive encounters and public complaints. For fieldworkers, insurance cover should be provided to cover adverse field events. 
The University 
Negative publicity, complaints and legal action can arise from actual or potential harm to participants damaging the university reputation and relationship with stakeholders (British Educational Research Association, 2018). This may be mitigated through effective communication and clear complaint procedures. Noncompliance with safeguarding obligations and data protection regulations can led to litigation and regulatory sanctions (Noah, Moon and John, 2024). This may be mitigated by ensuring thorough ethics approval process and keeping audit-ready records of reports and consent.
Compliance with Guidelines and Legislation
To comply with guidelines and legislation such as GDPR 2018 and DP Act 2018, the researcher will ensure there is a lawful purpose and transparent process for data collection. Additional processes must be put in place to ensure data accuracy, storage limitation, integrity, confidentiality, minimization and accountability. Electronic or paper copies of signed consents by participants will be stored safely and researcher will ensure that the consent is informed and unambiguous (Data Protection Act, 2018). Personal data will not be used in a way to cause harm to participants and consent will be obtained from parents or guardians to data from the learners. Participants will be informed of their right to withdraw from the study, object to the processing of their personal information or even request erasure of their data in keeping with GDPR and Data Protection Act (2018). 
To comply with BERA guidelines, the data collection tools will be designed to avoid harm and researcher will ensure they are age-appropriate and include parental consent as necessary (BERA, 2018). Information sheets will be provided as previously described and identifiable data will be minimized. Power dynamics will be considered to ensure voluntary participation (University of Wales Trinity Saint David, 2022). In line with the UWTSD guidelines, the UWTSD Research Data management plan will be completed and the researcher will comply with the University Research Data management guidelines. The researcher will employ pseudonymisation and will restrict access to research data by roles and using strong authentication (University of Wales Trinity Saint David, 2022).
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