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Chapter One: Introduction

Science and technology are “closely linked” and embedding a coherent framework will enable young people in Wales to “prepare for careers in science, digital industries and technologies” (Donaldson, 2015:51). Therefore, Donaldson has developed an Area of Learning and Experience (AoLE), namely Science and Technology, which will be compulsory from 2022 and covers a range of subjects. Specifically, this AoLE includes design and technology, engineering, computer science, biology, chemistry and physics, and aims to prepare learners for technological advancement and real-world needs (Welsh Government, 2019). 
Interestingly, it has been argued that the science curriculum has been dull, purely descriptive and insufficient to learners’ needs (Nissani, 1996 cited in Newton, 2000; Welsh Government, 2019). Some authors (Cook and Finlayson, 1999; Allen et al., 2011) suggest that many teachers feel incompetent at modelling Information and Communication Technology (ICT) skills and try to ignore its swift developing nature. However, the Welsh Government (WG, 2019) stated that becoming competent users of technology is no longer sufficient; children need to be taught conceptual understanding of computation in order to become creators and adaptors. 
Personally, due to receiving uninformative and unmemorable experiences of science and ICT during education, I once had an unenthused and negative impression of both subjects. Since qualifying as a teacher, I have undertaken a plethora of computational training, including coding; become Science coordinator within my workplace; and now comprehend the cruciality of both areas. 
Consequently, I chose to focus this educational study on these “closely linked” subject areas (Donaldson, 2015:51) in order to inform and develop pedagogy within my school setting. This study aimed to acquire information regarding how the school has delivered science and ICT previously; gain an understanding of attitudes towards both subject areas; and identify further action needed in order to embed the new science and technology curriculum and promote children’s development. 
Chapter Two: Research Context

In terms of location, the research activity has taken place within a suburban primary school in South Wales. The school currently has 164 pupils on roll between the ages of 3 and 11, many of whom are in mixed-age classes. There is also a part-time nursery and two specialist teaching facilities for pupils with moderate to severe learning difficulties, sixteen of whom have a statement of special educational needs. Across the school, approximately 29% of pupils are identified as having additional learning needs. Approximately 22% percent of pupils within the school are eligible for Free School Meals and 89% of pupils speak English at home as their first language. 
Chapter Three: Ethical Considerations and Methodology 

[bookmark: _Hlk8493142]Ultimately, educational research must be meticulously conducted in order to minimise harm to society and maximise the contribution to the quality of education (SERA, 2005; BERA, 2018). Thus, in terms of methodology, the researcher undertook learning walks to observe practice and monitor classroom environments; conducted interviews; and distributed anonymous questionnaires to staff and pupils. These strategies provided a depth of perspectives through focused collaboration which could then be utilised to improve the quality of professional practice (Freebody, 2003; Altrichter et al., 2008). However, although these methods presented a realistic illustration of how science and ICT was currently being delivered across the school, the researcher found that maintaining anonymity was often challenging due to the context of the research project (Opie, 2004 cited in Tanner, 2018; BERA, 2018). For example, some children had misunderstood the concept of anonymity and had written their names on their completed questionnaire. Albeit, the welfare of all participants is paramount and therefore, the location of the study and names of those involved were removed in order to protect confidentiality. 
[bookmark: _Hlk8494213][bookmark: _Hlk8494294][bookmark: _Hlk8497928][bookmark: _Hlk8494929]Additionally, the methods of data collection included both qualitative data, from observation and transcription notes, and quantitative data, from anonymous questionnaires. In particular, conducting interviews can provide an opportunity to gain rich, qualitative data because participants can engage with the researcher and expand on their answers (Bell, 2010; Hamilton and Corbett-Whittier, 2013). However, many authors advocate that involving child participants can affect the reliability of a study. This is because they can feel vulnerable and pressured during interviews (McMillan and Weyers, 2012); they can lack the cognitive capacity to participate (Hartas, 2010); and lack motivation if it impedes their work or leisure time (McNeill and Chapman, 2005; Nieuwenhuys, 1993 cited in Hartas, 2010). Therefore, the researcher chose to only interview adult participants and distribute anonymous questionnaires to pupils instead. Reflecting on the process, this strategy still allowed the children to make significant contributions to the research; albeit, interviews could have allowed learners to raise issues that otherwise may not have been contemplated, and suggest options that otherwise may not have been conceived (Tisdall et al., 2009). 
Personally, a learning walk can provide a realistic representation of the research focus because both practitioners and participants are free to engage and interact within their natural setting. Complementary to this, some authors argue that learning walks produce qualitative and ethnographic data because the researcher is situated in the midst of the classroom to observe the teaching and learning process as it occurs (Tisdall et al., 2009; Hamilton and Corbett-Whittier, 2013). 
[bookmark: _Hlk8496282][bookmark: _Hlk8496624]Nevertheless, it is crucial that researchers are mindful to not obtrude, disrupt or alter the behaviour of the pupils whilst making their observations (Sharman et al., 2007). Although the researcher partook in the learning walk independently, it may have been beneficial to involve another non-participant observer in order to collaborate and reflect on the findings (Dudley, 2011; Pollard and Pollard, 2014). 
[bookmark: _Hlk8505156][bookmark: _Hlk8505226]In regards to ethics, there are a number of issues to consider prior to pursuing any research; especially when the study plans to involve child participants and take place within a classroom. In order to minimise the potential of harming or negatively impacting anyone involved, researchers must undertake a series of precautions; such as pursuing accuracy, honesty, objectivity and sensitivity throughout the study (Burgess, 1989; Opie, 2004; McNeill and Chapman, 2005; Campbell and Groundwater-Smith, 2007). Illustrating this, the British Educational Research Associates (BERA, 2018) and the University of Wales: Trinity Saint David (UWTSD, 2017) have outlined ethical guidelines which state that participants must be informed of the research and be allowed withdrawal at any stage; researchers must offer debriefing and share their findings once the study is completed; and researchers must ensure confidentiality. 
[bookmark: _Hlk8506010]Prior to this specific project, the researcher had conducted another study within a different school setting. Reflecting upon this educational study, it could be argued that the pre-existing relationship between a teacher and their pupils and their colleagues has the potential to influence the research findings (Tanner, 2018). The researcher discovered that hierarchical or acquainted relationships between the researcher and those researched can complicate consent, risk the appearance of coercion and influence responses (Burgess, 1989; Zeni, 2001; Opie, 2004; Campbell and Groundwater-Smith, 2007 cited in Tanner, 2018). Therefore, to minimise the risk of feeling obliged to comply, the participants were frequently reassured that their participation was entirely voluntary; that they could withdraw at any time; and that their contributions were entirely discretional.
Chapter Four: Literature Review

This literature review will discuss the current roles of science and ICT and why it is vital to provide learners with memorable experiences. This review will draw from a variety of perspectives from secondary sources in the aim of informing the investigation process. 
[bookmark: _Hlk8768046][bookmark: _Hlk8768061][bookmark: _Hlk8768267]Firstly, both Piaget (1959) and Bruner (1960) advocated that knowledge is actively constructed through enquiry and practical interaction, such as playing with objects and materials. Therefore, science is a subject which allows children to ask questions and evaluate what they find out about the world around them (OFSTED, 2008; Turner et al., 2011:11). Many theorists claim that teachers must act only as ‘facilitators’, initially stimulating an enquiry and encouraging experimentation until eventually helping to explain the results (Simpson, 2003 cited in Smith and Knapp, 2009; Haigh, 2010).
[bookmark: _Hlk8768622]In spite of this, it could be argued that teachers often feel reluctant to provide their class with such ‘freedom’. Science investigations can risk losing focus; tend to involve active experiences rather than producing written evidence of work; and can confuse pupils if the experiment is unsuccessful (Hodson, 1992; Pound, 2006; Petty, 2014).
Secondly, developing ICT skills is vital because children arguably need to be prepared to be future members of a “technologically competent workforce” (Donaldson, 2015:8). In order for modern industries to succeed and prosper, children must become digitally literate by developing skills such as understanding algorithms and debugging programs (BBC, 2014). Unfortunately, schools must ensure digital provision and deliver e-safety sessions. This is because allowing children to access technology and the Internet can expose them to risks, such as cyber bullying and inappropriate materials (Grigg, 2013).
Contrariwise, there are arguments that continuing to embed a purely skills-based ICT curriculum and filtering the use of the Internet is no longer sufficient because workplaces are technologically advancing and are subject to change (Allen et al., 2011:4).
Building upon the close link between science and technology (Donaldson, 2015), practitioners must provide learners with opportunities to transfer understanding across the curriculum and apply their knowledge to real-life contexts (Wallace, 2002; Opie, 2004; Pollard, 2010; Harcombe, 2011; Barnes, 2015). Bruner (1996:72) advises that practitioners must focus on the “process” of the children’s development, rather than the “product”, so that learning becomes memorable and relevant. 
Chapter Five: Research Findings

Many authors advocate the need for acting practitioners to conduct educational research. It is argued that teachers must act like “detectives”, whom are open to feedback, flexible, admit mistakes, and strive to do whatever it takes to support children’s development (Jensen, 2008; Griffith and Burns, 2014:148). Illustrating this, the researcher based their investigation focus on the school’s current objectives. Within their School Development Plan for this academic year, the school has prioritised developing the curriculum. This target was identified in light of their Estyn inspection, which recommended that the practitioners within the school focus on sharing good practice, adopting a new scheme of work for science and continuing to embed cross-curricular approaches. Furthermore, the focus of this project is of particular interest to the researcher due to their newly appointed role as the science coordinator. 
Initially, the researcher identified a series of questions to investigate, including pupils’ attitudes to learning science and technology; teachers’ confidence in delivering science and technology; how science and technology has historically been embedded across the school; and whether there is evidence that learners are progressing in science and technology. 
Upon studying the school data, it was noticed that girls have historically outperformed boys in science. Additionally, those who are entitled to free school meals (FSM) have also underperformed in comparison to their peers. Currently, between 70-85% of children within the study setting are predicted to leave Key Stage 2 with having attained Level 4 or above in science. Interestingly, during the past few years, the number of children identified as more able and talented (MAT) in science has decreased by more than half. 
These findings somewhat supported the data collected from the anonymous questionnaires distributed to the pupils and teachers. Upon studying the responses from the staff audits, none of the teachers strongly agreed to feeling confident at extending MAT pupils in science. Only a minority of pupils admitted to finding science difficult at times; perhaps suggesting a lack of challenge during science lessons. 
However, the audits also indicated that the majority of pupils prefer group work and to learn from their peers, and that most of the teachers feel confident in differentiating science tasks and addressing misconceptions. These responses seem to contradict the school data which suggest that groups of peers are outperforming their counterparts, and that levels of attainment may be declining. 
Positively, nearly all of the pupils across the school professed to feeling proud when their science work is displayed in their classroom environment. Additionally, almost all of the pupils revealed that they enjoy science and conducting investigations; and using a plethora of technology devices. Whilst most of the teachers disclosed that they feel confident in embedding science across the curriculum; unfortunately, nearly all of them also confessed that there is a lack of science resources available in order to deliver the curriculum effectively.
In regards to technology, the researcher liaised with the ICT coordinator to grasp a sound understanding of attitudes to learning and teaching. During the interview, the ICT coordinator disclosed that whilst there is currently no tracking system in place; the Digital Competency Framework (DCF) pathway has been initiated so that all teachers are embedding digital literacy across the curriculum. Upon studying staff audits conducted by the ICT coordinator as recently as last year, many staff admitted to feeling incompetent at teaching ICT skills and desiring further training. 
However, during a learning walk, the researcher observed only some evidence of cross-curricular ICT work across the school, particularly in Foundation Phase. Similarly, there was little evidence of ICT tasks displayed in classrooms across Key Stage 2. Interestingly, these observations support the concerns expressed from the DCF audits. That being said, there is arguably limited availability of functional and current technologies within schools due to constraints on funding and the constant and rapid evolvement of our digital world (Caldwell and Bird, 2015; Donaldson, 2015). 
Furthermore, although coordinating a learning walk allows collection of qualitative data, this primary data collection strategy can be difficult to accurately measure because they “rely on human interpretation and evaluation” (Walliman, 2011:73). Nonetheless, the ICT coordinator and the researcher chose to collaborate and begin addressing this issue. 
Chapter Six: Impact of Findings

[bookmark: _Hlk8487328]For the duration of this educational research study, the researcher has collected, discussed and analysed their findings, in order to collaborate with other practitioners and begin working towards improving their own practice (Opie, 2004; Hattie, 2009; Pollard and Pollard, 2014). Nevertheless, Hegarty (1996) argues that researchers cannot anticipate nor control how other practitioners will interpret the findings and allow it to affect their pedagogy. Personally, it could be argued that undertaking educational research and informing colleagues of the findings can be an unreliable process. 
[bookmark: _Hlk8767392]Drawing from the findings of the study, the researcher collaborated with peers and initiated a series of actions. Firstly, a meeting was arranged with a local advisor in order to embed a new scheme of work for science, a recommendation made during an Estyn inspection. The scheme discussed focuses on facilitating one interesting investigation for the duration of a term in order to secure learners’ understanding, because, “Knowing is a process, not a product.” (Bruner, 1996:72).
[bookmark: _Hlk8770864]Next, in their role as the science coordinator, the researcher and the ICT coordinator met with their colleagues to discuss developments in these curriculum areas. It was agreed that a whole school display for science would be developed and updated every term, and that investments would be made for science equipment and technological devices. Since this meeting, new technological equipment has been allocated to classes, such as C-Touch interactive boards, and the science coordinator has invested in STEM training and resources. Admittedly, technological advancements can cause conflicting feelings amongst staff if they do not understand how to use the resources; therefore, if teachers display their anxieties, this can impact the children’s confidence to engage and explore (Burnett and Wichman, 1997).
[bookmark: _Hlk8770619]In order to provide the pupils with a plethora of opportunities to engage with science and technology, a Digital Leaders club and Code Club has been established; and visitors from Mad Science and the Three phone company have delivered workshops. Accessing workshops can provide memorable, relevant and enriched learning experiences which allow learners to transfer subject knowledge across the curriculum and to real-life experiences (Wallace, 2002; Harcombe, 2011).
Chapter Seven: Analysis and Recommendations

The purpose of this project was to observe, analyse and report in order to improve pedagogy and have an impact on learners’ attainment (Freebody, 2003). Whereas many seem to focus on reporting what is happening in classrooms, the researcher aimed to also clarify how and why it is happening (Hartas, 2010). Personally, educationalists can sometimes be “conditioned” to think and perform in a particular way (Opie, 2004:6 cited in Tanner, 2018) and consequently, current pedagogies and practices must be challenged in order to support the needs of modern society (Pollard and Pollard, 2014 cited in Tanner, 2018). This is attainable if study findings are communicated to practitioners accurately, constructively and purposefully (SERA, 2005; BERA, 2018). 
Furthermore, Donaldson (2015) has established that every school across Wales must have four purposes to prepare children to become lifelong learners and contributing members of society. Whilst developing these purposes, Donaldson (2015) advocates that schools must abandon the pressures from the old curriculum and testing system in order to embrace a cross-curricular and facilitating one instead. Personally, it could be argued that many schools are becoming accustomed to the new six AoLEs. 
[bookmark: _Hlk8764629]Upon meeting with their peers, the researcher shared a new science scheme of work which provides teachers with a plethora of science investigations to support their termly topics, which was received positively. Next, in their role as the science coordinator, the researcher plans to embed these cross-curricular investigations within the mid-term planning for each year group. Despite this, it must be emphasised that teachers must not become “slaves to schemes of work” because each class is unique (NFER, 2012:26). Therefore, planning should still be adapted by individual teachers if there is a need to reinforce or extend learning (Black et al., 2002; Welsh Assembly Government, 2010).
[bookmark: _Hlk8766362]After attending the upcoming STEM training, the researcher will share the information with their colleagues and ensure investments are made into attaining more equipment. Although this could be costly initially, it has been argued that rapid developments in technology and other resources will actually save money; which “can be put back into the classroom where they will have the greatest impact upon learners” (ICT Steering Group cited in Arthur et al., 2013:31).
[bookmark: _Hlk8771183][bookmark: _Hlk8771158]Additionally, whilst current subject coordinators must continue to liaise with one another; it is also recommended that senior management teams must begin to change the titles of coordinators to correspond with the six AoLEs. Albeit, it must be noted that some practitioners may feel reluctant to ‘unlearn’ their ‘old’ knowledge (Jensen, 2008; Taylor and Bishop, 1994), or may view the peer learning and performance management as a loss of autonomy and ‘more paper work’ (James and Colebourne, 2004; Johnson, 2003). 
Lastly, reflecting on the findings from the staff audits, it would be beneficial if the study setting engaged in a form of peer learning, such as learning walks, lesson studies or teaching triads. As the social nature of learning would suggest (Vygotsky, 1979), reflective discussion, collaboration and cooperation between experienced practitioners can enhance pedagogy and ultimately improve learners’ attainment and enjoyment (Dudley, 2011; Pollard and Pollard, 2014). 
Additionally to this, it is recommended that whilst embedding the new curriculum, the school continues to establish a “learning community” (Zeni, 2001:45) where pupils feel comfortable expressing themselves, admitting when a lesson is not going well and suggesting ways to improve (Pollard and Pollard, 2014). This approach will aid teachers in ensuring that their teaching is purposeful and constructive.
Chapter Eight: Conclusion

When a research project draws to a close, it is crucial to reflect on the findings and reach a concise conclusion. This is because “…the biggest effects on student learning occur when teachers become learners of their own teaching” (Hattie, 2009:22). Consequently, the researcher will synthesise all findings from this research project to conclude whether observations, interview responses and data from the questionnaires correspond with the secondary research drawn from literature. By reflecting on the findings and drawing a conclusion, this project will inform personal practice; be shared with colleagues; and enhance professional development.
To conclude, science and ICT have historically been delivered as two separate subjects within the study setting. However, more recently, developments in the curriculum now advocate that a coherent framework between science and technology will prepare young people in Wales for a swiftly evolving society (Donaldson, 2015).
During the study, the researcher utilised their role as the science coordinator and liaised with the ICT coordinator. This collaboration identified issues regarding limited resources and unconfident teachers (Cook and Finlayson, 1999; Allen et al., 2011; Caldwell and Bird, 2015; Donaldson, 2015). 
Furthermore, distributing anonymous audits to pupils found that pupils thrive from seeing their work displayed and working alongside their peers. This discovery is supported by Vygotsky’s advocation for social constructivism (1978), where interaction and modelling between peers is encouraged because skilful children will guide their less competent peers. Nonetheless, the “collaborative nature” of science and technology can sometimes result in less dominant children being pushed aside during skill development (Allen et al., 2011:69).
As a result of these findings, the researcher recommended that the study setting prioritise continuous professional development; peer collaboration such as teaching triads; updating coordinator roles; making investments in resources; and involving the pupils in the process of working towards embedding the new curriculum. The latter will allow learners to “take ownership of their own learning” (Wiliam, 2009:32) and help them develop a love for learning (Donaldson, 2015; Welsh Government, 2019). 
However, teachers can inhibit this love for learning if they project their anxieties towards new concepts and technologies (Burnett and Wichman, 1997). Therefore, it is the responsibility of the practitioners to collaborate with their peers, educate themselves through research, and follow guidance to link classroom-based learning authentically to the real world (Opie, 2004; Pollard, 2010; Barnes, 2015).
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