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Does learning, through play, in the early years affect the numeracy outcomes in later education?
Abstract
In Wales, early childhood education follows the Foundation Phase pedagogy, which emphasises a play-based approach to learning, including the development of mathematical ideas and numeracy skills. The Welsh Assembly Government (2022) has introduced a new curriculum that tracks a child's development through "Progression Steps" along their learning journey. This research project explores the impact of play-based learning on numeracy outcomes in a Cluster group of feeder schools in the South Wales region. Twenty-four children, chosen randomly from the class register while considering proportional representation of gender and ethnicity, will be observed during their classroom play activities, with their levels of involvement noted, whether engaged in numeracy-rich tasks or not. The observation results will ultimately be compared with the usual termly numeracy assessment scores of the whole class and responses to a practitioner questionnaire on the role of play in developing maths and numeracy skills. Thomas and Jones (2020) highlight that Foundation Phase practitioners receive minimal guidance on supporting children through schematic play. This study aims to determine whether practitioners' knowledge and understanding of numeracy-rich play has an effect on numeracy levels. Participants will be anonymised to ensure GDPR regulations are adhered to. The findings will be shared with the participating schools to ensure that they have the opportunity to consider any recommendations that have been made. 
Literature Review
Encouraging positive attitudes towards numeracy in young children is a key goal for early years practitioners. Within a play-based curriculum, children can engage in complex numeracy tasks and even assume expert roles, as suggested by Franco, Orellana, and Franke (2019). Play enables children to explore connections between concepts and experiment with various forms of representation, such as pictures and objects (Vygotsky, 1978). Recognising the importance of the first five years of life, research underscores the significance of early childhood development for long-term health, academic success, and overall well-being. Heckman and Masterov (2007) emphasise that investing in early childhood development yields the highest returns for society.
Colliver (2017) notes that early cognitive abilities predict later academic achievement, supported by Pearce et al. (2016). LeFevre et al. (2009) observed that early math proficiency predicts future academic success. This study aims to explore evidence on play-based numeracy learning to assess these claims.
The Foundation Phase curriculum (WAG, 2008; WG, 2018) is child-centered, holistic, and tailored to a child's developmental stage and interests, as outlined in the New Curriculum for Wales (2020). Thomas and Jones (2020) highlight that schema, inherent in young children, reflect their interests and understanding of the world. Therefore, the curriculum should nurture these schemas while providing opportunities for numeracy-rich experiences.
Cohrssen and Niklas (2019) found in their study on mathematics games in preschool that children engage in mathematical thinking well before formal schooling, which predicts academic success more strongly than early reading or attention skills, as noted by Duncan et al. (2007). They emphasize that children develop mathematical language and understanding through language-rich interactions and playful exploration of mathematical concepts. These interactions are facilitated by well-paced, responsive engagements that support the acquisition of both mathematical concepts and associated language, as highlighted by Cohrssen, Church, and Tayler (2014).
Mathematics, as defined by O'Neill, Gillic, and Kingston (2022), encompasses a broad knowledge domain. However, numeracy, as emphasized by MacDonald (2018), highlights the socio-cultural aspect of discovering, contemplating, and applying mathematical knowledge in children's daily experiences. Numeracy stresses the context, purpose, and practical utility of mathematical approaches in problem-solving, encouraging the meaningful application of mathematical concepts.
During this research, it will also be necessary to consider the feelings of early childhood educators regarding the integration of mathematics in their classrooms. This is crucial because educators' attitudes can significantly influence the learning experiences that children receive (O’Neill, Gillic, and Kingston, 2022). Linder and Simpson's (2018) systematic review of 1141 studies on early mathematics education and early childhood educators revealed that 19% of the examined studies focused on teachers' beliefs or dispositions towards mathematics in early years education and how these beliefs influence classroom practices. Their analysis of practicing teachers indicated a strong belief in child-centered, developmentally appropriate early childhood practices. However, some educators prioritised other aspects of child development, such as social, emotional, and language skills, over mathematics. Additionally, there were educators who viewed mathematics as a fixed set of rules, skills, and knowledge to be imparted (Anders and Rossbach, 2015). 
 
Clements and Sarama (2018) propose that these beliefs have had a lasting impact on early childhood pedagogy, where mathematics is frequently linked with teacher-led, direct instruction and the use of didactic materials. These approaches stand in contrast with the enduring beliefs and firmly established practices of child-led free play and play-based pedagogy, which are seen as the essence of the Foundation Phase ideal (O'Neill, Gillic, and Kingston, 2023). Understanding and addressing these beliefs is critical for effectively integrating mathematical learning in early childhood settings while maintaining the core values of play-based learning.
Linder and Simpson's (2018) review, as shared by O’Neill, Gillic, and Kingston (2023), underscored that educators who lack mathematical content knowledge encounter challenges in evaluating and comprehending students' explanations and misconceptions. Gasteiger and Benz (2018) argue that only educators with high levels of content knowledge can accurately assess a child's individual capabilities and design effective learning pathways. Additionally, mathematical knowledge is essential for identifying mathematics in children's play and responding to or enhancing activities in a mathematically meaningful manner, as emphasised by Dockett and Goff (2013). This understanding of mathematics will be necessary for conducting the proposed research on play's effectiveness in promoting numeracy skills.
Researchers such as Dockett and Goff (2013) and Gasteiger and Benz (2018) concur that early childhood educators play a vital role in recognising, interpreting, and enriching young children's mathematical activities in their everyday interactions with people and environments. To accomplish this effectively, educators must possess three key types of knowledge: an understanding of children's mathematical development, proficiency in mathematical content, and the ability to communicate mathematical concepts in a manner that is meaningful and comprehensible to children (Gasteiger and Benz, 2018). This comprehensive knowledge base allows educators to create learning environments that support the development of numeracy skills through play, aligning with the principles of the Foundation Phase curriculum.

Methodological considerations
The methodology for this research will be collaborative case studies, involving partnerships between the researcher and classroom practitioners, along with the analysis of numeracy test scores. Bell (2018) asserts that a case study is particularly useful for investigating an issue in greater detail. Consequently, this approach was deemed the most suitable for exploring children's play and comparing the resulting data.
Early childhood educators have indicated a need for support in integrating mathematics into a play-based early childhood program (Barber, Cohrssen, and Church, 2014; Cohrssen, Church, and Tayler, 2016). Research also underscores the necessity for targeted professional development to bolster educators' ability to support children's mathematical competencies (Niklas, Cohrssen, and Tayler, 2016). This study will consider these needs and aim to provide suitable recommendations to address them.
This study will involve primary schools in the Cluster catchment of the local comprehensive school. This is an example of convenient sampling as the research team are currently working within an Early Years setting at a school included in this Cluster. This approach allows for easy access to the participants and ensures the research can be conducted efficiently within the available resources.
Foundation Phase leads will be contacted and invited to participate in the study. Observations will take place at three randomly selected schools, where eight children from the Reception class at each school will also be randomly chosen for observation. This smaller targeted selection aims to ensure the researcher has the time and sustained motivation to follow the observation criteria thoroughly. The schools will be chosen by assigning each school a number and using a digital number generator to select three numbers. 
The children, however, will be chosen using the register due to the alphabetical nature collecting names periodically but, as suggested by Bell and Waters (2018), sub-groups are sometimes necessary during data collection, with this in mind the sample of children will include representatives of boys and girls and, where possible, ethnicity, the number of each will depend on the cohort split to ensure proportional representation. Questionnaires will be distributed to all staff working within the Early Years settings at each school, with responses collected anonymously. Additionally, the test scores of all Foundation Phase children will be compiled. 
Consent will be requested from the parents of all children whose data will be used in the research, following the principles of informed consent. While informed consent may be provided by an adult on behalf of the child, it is crucial to approach each child about giving their own consent whenever possible (Kellet, 2005). The researcher has a responsibility to ensure ongoing consent (assent) from the participants and to respect their right to withdraw permission (dissent) at any time, rather than solely relying on the informed consent given by an adult (Palaiologou, 2012). This approach prioritizes the autonomy and agency of the children involved in the research process.
This mixed method design will be used, incorporating qualitative and quantitative data to examine play's impact on the numeracy skills developed. Data collection will involve the practitioner questionnaires, observations rated using the Leuven Scale indicators, and numeracy test scores.
The qualitative data will include the questionnaire and notes taken by the research team during observations. The questionnaires will be shared with all Early Years practitioners employed within the Cluster schools to widen the response. The research team will conduct the observations to remove influence and practitioner bias. However, research staff must be mindful of their presence impacting the children being observed. The Leuven Scale indicators, discussed by Laevers (2008), consist of a list of 'signals' that describe various aspects of behaviour indicating levels of involvement, such as concentration, energy, creativity, posture, and satisfaction. The second component of the scale is a five-point rating system that distinguishes the levels of involvement: no activity, frequently interrupted activity, more or less continuous activity, activity with intense moments, and sustained intense activity. As discussed by Coe et al. (2021), appropriate interpretation of these scores requires an understanding of the reliability and generalisability of the collected data. These methods rely on established theoretical frameworks and use highly specified processes and procedures for interpreting observed actions and interactions. The purpose of these protocols is not to develop new insights about classrooms but to place a particular performance within the context of an established classroom setting.
When conducting observations, it is important to consider the rights of the child. The United Nations Convention on the Rights of the Child (UNCRC) emphasises that children are independent subjects with their own rights. Article 12 of the Convention states that a child capable of forming their own views has the right to express them (UNICEF, 2019). This principle will be upheld during observations to ensure that no child is compelled to participate against their will. As children within the Foundation Phase setting are accustomed to observations as they are routinely undertaken as part of FP pedagogy, the research team's presence should have minimal impact. Roberts-Holmes (2018) highlights that creatively listening to young children can positively influence research, especially when considering children's rights. He argues that when children are encouraged to participate in decisions affecting their daily lives and see that their input has a tangible impact, they are more likely to engage in participatory activities as they grow older. Such genuine and authentic consultation with young children can enhance their well-being and foster a caring, protective sense of self within the setting (Weare, 2015). It is anticipated that involving children in the research from the outset will alleviate any discomfort and reduce the Hawthorne Effect. 
The Hawthorne Effect is a psychological phenomenon where individuals change their behaviour because they know they are being observed. Identified during studies at the Hawthorne Works plant in the 1920s and 1930s, researchers found that almost any change in working conditions increased productivity. However, this boost was due to the workers' awareness of being observed, not the changes themselves. Sedgwick and Greenwood (2015) share the key points about the Hawthorne Effect including the observation impact when behaviour improves when people know they are being watched, the temporary change as changes are often short-lived once observation ends, that awareness of being part of a study alters behaviour regardless of experimental changes, and the research implications that need to be considered when designing and interpreting studies. 
Understanding the Hawthorne Effect is crucial in fields like psychology, sociology, and management, highlighting the need to account for observation biases in research and practice (Sedgwick and Greenwood, 2015). Diaper (1990) discusses the challenges of control for this effect, especially in research involving young children, and suggests that more research is needed in this area. By engaging children early and making them active participants in the research process, it is hoped that the potential impact of the Hawthorne Effect will be minimised and a true reflection of the learning through play will be observed.
The questionnaire will be shared with staff using tools available on Hwb to facilitate their creation while preserving respondents' anonymity. There are advantages and disadvantages when creating questionnaires. Questionnaires, with multiple-choice items, are easy to tabulate and analyse, as opposed to semi-structured personal interviews that yield narrative data that is challenging to summarise. While questionnaires can be anonymous, fostering truthful responses, interviews allow you to build rapport, encouraging openness. Questionnaires are likely to provide only a snapshot, while interviews allow for in-depth exploration. However, all methods are vulnerable to social desirability bias, where respondents give socially acceptable but not necessarily accurate answers (Patten, 2016). The questionnaires will feature both open and close-ended questions, with the close-ended questions using the Likert scale format. According to Clark et al. (2021), a Likert scale consists of multiple Likert items, which are forced-choice ordinal questions measuring response intensity. Typically, a Likert item includes five points: "strongly approve," "approve," "undecided," "disapprove," and "strongly disapprove" (Likert, 1932). Variations such as "agree" instead of "approve" or "neither agree nor disagree" for "undecided" are also common (Derrick and White, 2017).
The quantitative data will be obtained from the children's numeracy test scores at the end of each term. Research personnel will administer these tests to ensure consistency and fairness in the results. These assessments will follow the Welsh Government’s (2020) new curriculum guidelines by considering the “What Matters Statements” for the relevant Progression Step. As the chosen primary schools are in the same cluster the assessments will have been agreed by AoLE subject leaders, this will allow for the data to be a fair reflection across schools. 
The rationale for choosing a mixed methods design is to provide a broader perspective on the context of learning through play in an Early Years setting, as well as to gain a deeper understanding of the research question. A mixed methods approach allows the researcher to offset the inherent weaknesses associated with relying solely on either quantitative or qualitative studies (Amalki, 2016). This triangulation strengthens the validity of the research. Triangulation involves examining aspects of a topic from various perspectives by employing a range of methods and techniques to gain a deeper understanding of it. Utilising different methods can also help confirm findings from multiple data sources (Bell and Waters, 2018).

Ethical Considerations
When considering the ethics of research it is important to remember the fundamental principle of research; to do no harm. Ensuring the well-being and safety of all participants involved in the research is paramount. As highlighted by Clark et al. (2021), harm can manifest in various forms, including physical harm, harm to participants' development, loss of self-esteem, stress, damage to reputation, and the risk of physical or emotional harm to the researcher. Thus, researchers must take proactive measures to minimise or mitigate these risks, prioritising the ethical conduct of research more than anything else.
Bell and Waters (2018) noted, the sample size in this study may still be limited. Despite the geographic similarity and affluence of the areas where the schools are located, there are varying levels of children receiving free school meals within the schools. This diversity will be considered when selecting participants. The numeracy test data will provide the largest sample size, encompassing around one hundred and eighty children. Observations will be conducted for twenty-four children, and questionnaires will be distributed to all foundation phase staff, reaching approximately fifty individuals, although the responses are not guaranteed. However, as emphasised by Bell and Waters, the sample size remains a factor to consider in the study's limitations.
Before the study can begin, it will be necessary for the researcher to familiarise themselves with the UWTSD's Research Ethics and Integrity Code of Practice (2022). This will ensure that the university's reputation and credibility are preserved and in doing so also the researcher’s reputation. The Code highlights the need for research integrity by recognising core aspects such as honesty, rigour, transparency and open communication, care and respect, and accountability. It reinforces that researchers need to exercise freedom while also accepting responsibility for their decisions and their impact on all involved principles. By adhering to these guidelines, the researcher ensures that their work is conducted ethically and responsibly, maintaining the highest standards of academic and professional conduct. Once the researcher is confident of their ethical integrity, they must apply to the university for permission to undertake the research.
Once written participant consent has been obtained, information letters will be sent out to families and practitioners. These letters will request that parents ascertain if their child consents to participate in the study. Ongoing child consent will be sought each time the researcher collects data, using child-friendly methods (Colliver, 2017). This will involve an adaptation of the mosaic approach for data collection tools, wherein conversations, drawings, text, and photographs are used to capture the understandings of childhood and adulthood from the child's standpoint (Harcourt, 2011). This approach ensures that the children's perspectives are respected and considered throughout the research process, thereby aligning with ethical standards, and promoting active child participation.
BERA (2024) informs that it is crucial to prioritise the comfort and well-being of participants in any research study. If a child is uncomfortable being observed or refuses to cooperate, it is essential to respect their decision and cease observation of that child. Collaborating with gatekeepers or practitioners to determine the best course of action, such as trying another day or considering an alternative participant, aligning with ethical guidelines, and ensuring that the research process remains respectful and considerate of all involved.
Clark (2005) introduced the Mosaic approach to include the ‘voice of the child’ in evaluating services for children and families. Early years practitioners have since adopted it, blurring the lines between research and teaching. Similarly, in Reggio Emilia schools, teachers act as researchers, continuously learning from interactions with children.
The Mosaic Effect highlights Data Reidentification, where combining anonymised data with other datasets can identify individuals. Data Integration combines datasets, this can reveal sensitive information not apparent alone. This underscores significant privacy risks, requiring caution in data sharing. Effective data governance, including robust anonymisation and careful sharing agreements, is essential to mitigate this risk. An example scenario demonstrates how combining transportation data with public social media posts could identify individuals (Bellovin et al., 2013).
To mitigate the Mosaic Effect, the researcher will use advanced anonymisation techniques like differential privacy, collect minimal necessary data, conduct regular risk assessments, and implement strict access controls (Palaiologou, 2012). The researcher must understand data's broader context and potential integration with other sources to protect privacy and maintain confidentiality. This will be undertaken to minimize the risks to the children and practitioners involved.
Adhering to the BERA Ethical Guidelines (BERA, 2024) is crucial during this research endeavor. The Association promotes ethical respect for all individuals impacted by the research, reminding researchers of the principles outlined in the Equality Act 2010. Furthermore, researchers must be mindful of factors such as socio-economic status, parental status, and neurodiversity that may influence the research participants and relationships. It is also important to consider the potential risks to the Early Years practitioners involved in the study and how their reputation and privacy may be impacted. To mitigate these risks, the questionnaires will be designed to be anonymous, helping to alleviate concerns regarding confidentiality and privacy (Clark et al., 2021).
Maintaining confidentiality and ensuring records security are critical aspects of protecting participants from research harm. As outlined by Newby (2014), this involves keeping individuals' identities and records confidential throughout the research process. Clark et al, (2021) shares that in quantitative research, anonymising records and reporting findings in a manner that prevents identification is relatively straightforward. However, in qualitative research, preserving anonymity can be more challenging. Researchers may employ techniques such as using pseudonyms to protect participants' identities, as suggested by Clark et al. (2021). While this approach helps mitigate risks, researchers must remain vigilant to ensure that individuals cannot be inadvertently identified through the presentation of findings.
Assessing potential risks to the research team is an important aspect of research ethics (Clark et al., 2021). In the proposed study, the likelihood of physical harm to the researcher from observing children is low, although minor accidents such as trips and falls are possible. However, the main risks to the researcher are more likely to be related to workload and reputational concerns.
Workload-related risks can arise from the time and effort required to collect, transcribe, and analyse data. For instance, transcribing open-ended questionnaire responses and writing up observations can be time-consuming tasks (Coe et al., 2021). Additionally, ensuring the sample size requirements are met across multiple schools may also contribute to workload challenges.
Reputational risks may stem from how the research findings are interpreted and communicated, potentially impacting the credibility and reputation of both the researcher and the university (Newby, 2014). Mitigating these risks involves ensuring the research methodology is robust and transparent, and that data analysis and reporting procedures are rigorous and accurate.
Addressing these potential risks requires careful planning and adherence to ethical guidelines, including considering the workload implications of the research design and taking steps to minimise reputational risks through transparent and responsible research conduct (Clark, et al., 2021).
Maintaining the ethical storage of data is crucial in research to ensure the privacy and confidentiality of participants. Coe et al., (2021) highlights privacy issues and that anonymising data soon after collection and storing it separately from any identifying information is a common practice to mitigate the risk of confidentiality breaches. By following these protocols, this researcher can uphold the trust and integrity of their study and protect the privacy rights of participants. 
The researcher will adhere to the legal obligations concerning the storage and utilisation of personal data as outlined in the UK Data Protection Act 2018, along with any subsequent revisions in legislation. Prior to sharing any information or findings, participants' identities will be anonymised, and they will be duly informed of their rights under GDPR regulations (BERA, 2024). 
The researcher will prioritise the secure storage of data to prevent any breaches of confidentiality during publication. This will involve employing secure computer networks, digitising resources while destroying originals, and password protecting all files on the computer. These measures align with the recommendations provided by BERA (2024).
By adhering to the ethical considerations raised and following the methodological principles, the researcher is confident that the study will be successful, ultimately highlighting the efficacy of the Foundation Phase pedagogy, particularly in learning through play.



	
	
	



