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[bookmark: _Toc9287805]Introduction

This a research report looking at the key question to determine the prior knowledge of pupil’s relating to key terminology of computer programming and to understand their general ability when transferring their computational thinking from ICT at KS3, across other subjects. This is the bases of the research question, and it is at the expense of the proposed new curriculum by Graham Donaldson, which will be explored further within this report.
This research was undertaken within School X. School X is an English-medium, eleven to sixteen mixed comprehensive school, and is maintained by the local authority. This school currently has a count of 702 pupils on roll, and around 2% of pupils live in the 20% most deprived areas in Wales. From their recent Estyn inspection in April 2018, School X was rewarded a total of four ‘Good’ judgements, beside an ‘Adequate and needs improvement’ judgement. Created on that inspection, the school were provided with four recommendations, the main one relating to this research is to allow for the progressive development of skills for the pupils, numeracy and ICT skills (ESTYN, 2018). The class that was selected for the research was a Year 8 class. This class consisted of 28 pupils (12 boys, and 16 girls).  This class has 10 eligible for free school meals pupils, 0 more able and talented pupils, along with 13 special educational needs pupils.
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This literature review is going to evaluate a set of academic, research and professional literature that is going relate to the identified question within the introduction, of the general ability when transferring their computational thinking from ICT at KS3, across other subjects.  This review will look at key issues and concerns, with support of contradictory views in order to produce a valuable overall understanding of the target area.
[bookmark: _Toc9287807]History of Computer Science in Education

[bookmark: _Toc9287808]1980’s
Within in 1980’s, throughout the schools of the UK one of the most popular subjects during that time was computer science. During this timeframe, the popularity of the ‘BBC Micro’ which was a mass-produced microcomputer, was being used by pupils in schools throughout the UK. As a result of its popularity at the time, these computers were the forefront for pupils to begin practical lessons within schools, looking at the introduction to basic programming; the understanding of hardware and software; number systems such as binary, denary, and hexadecimal; all of which are now the fundamental components of the computer science curriculum (Moller, 2018).

[bookmark: _Toc9287809]1990’s
Following up from the advancement of the mass-produced microcomputers within the 1980’s, the arrival of fitted software was programmed in during the 1990’s. As a result of this new stage for software, it provided commonly used packages that are still used today such as spreadsheets, and word processors. The impact from the computers arriving already with a pre-installation of the advanced software at the time, it was intended that computers were not required to be programmed for them to perform any actions, resulting in the amount of interaction with the computer to be minimum. A direct influence from this software being installed on the machines, meant that less directed study time within schools was spent looking into using the software applications, rather than writing their own programs.
Nevertheless, as the awareness of the computer software becoming more developed to add creative thinking for the pupils, it developed into a serious of difficulties that led to a national investigation in 1997 (Stevenson, 1997). The investigation by Stevenson determined that within because of the growth of the software that was being included on modern computers at the time, a new subject would need to be developed to match the demand of the skills required to use the software correctly. This was the origin on the subject that is now known as Information and Communications Technology (ICT). The report mentioned that schools within the UK was in an underdeveloped scenario relating to the curriculum of computer science, and that it was crucial that it was scrutinised and that it would require a substantial amount of investment to address these issues.

[bookmark: _Toc9287810]2000’s
Still having an impact within the 2000’s from the investigation undertaken by Stevenson, ICT was now fully integrated and a key part of the curriculum within Wales. As the progression of computer advanced continued, so did the software that was alongside it. A direct result from the advancements of the computer software. allowed for schools to underline the key development that the pupils can progress with in order to further develop their digital literacy, to result in it matching the ever-growing technology industry. Applying these skills throughout the curriculum would provide the pupils of a required amount of transferable knowledge, ensuring that they were gaining the valuable IT skills. (Beethan & Sharpe, 2013)

[bookmark: _Toc9287811]Current Computational Demands

After looking at a brief history of computer science within education, this section will attempt to address the more recent revelations that have been presented to this department area. At the start of 2013, a review was undertaken by the Welsh Government and that was to consider the further development of computer science and ICT within the schools throughout Wales. The most prominent proposition from this conducted review was that ICT throughout the schools would need to be renovated, resulting in it becoming more sufficient and relevant to what was present within the modern environment. It would also investigate how it would become somewhat future proof looking at emerging technologies, and how it can easily be extended throughout its lifetime. Alongside the addressed concern about ICT, it also looked at ways how computer science could be developed. Its proposal was that computer science would be introduced into the curriculum within primary schools, and then throughout the course of the curriculum leading into the completion of secondary school, it would provide a pathway into that career (Moller & Crick, 2018).
To match the review that was undertaken by the Welsh Government, the ICT Steering Group (2013) issued a set of recommendations that were published later within 2013. These recommendations would be paying attention to the current national curriculum, and how the application of digital competency should become more frequent, inspiring and stimulating. (Brown, et al., 2013)
This published set of recommendations were categorised into three different themes, these themes were: professional development and teacher training; infrastructure and monitoring; and curriculum and qualification. The only applicable section that can used towards this research is the ‘curriculum and qualification’ theme. There were areas within this theme that included a collection of features of the different recommendations that were targeted were already in practice within certain schools. By the time these recommendations were being applied to schools, the Welsh Government made the announcement of the new curriculum that was going to be proposed. The features that were already integrated in the schools was the ones associated with the application of digital competence, and this resulted in less disruptions within the schools because of the introduction of the digital competence framework that was also announced in the new curriculum. (Wells, 2014)




[bookmark: _Toc9287812]Successful Futures

Successful Futures is a proposed report produced by Professor Graham Donaldson, which investigates developing a new curriculum for Wales. It is envisioned that by 2021 this new curriculum is going to be fully integrated into schools, and already schools have started phasing this innovative curriculum. This new curriculum looks to encourage a mixture of the recognised methods of current subject-based curriculum and will try to apply a more self-motivated method constructed on skills and competences of the individual pupils. The report discovered that a substantial amount of backing between teachers and schools, to a result in a change of direction to arranging education around skills and themes. (Donaldson, 2016)
This report proposes the idea of no longer specifying lessons depending on their subject but categorising by “area of learning and experience”. The curriculum will be divided up into six appropriate areas, and this will be applied in both primary and secondary schools. The main area which is going to be identified for the purpose of this report is ‘Science and Technology’, and this area will collect elements from the current departments of the three core sciences (biology, chemistry and physics), Design Technology, Engineering, Graphics and also Computer Science. (Donaldson, 2015)
It was made clear within the report that the ‘Science and Technology Area of Learning and Experience’ will primarily discover the fundamentals of the scientific and technological surroundings that they are immersed in. It was suggested that pupils should be given the chance to examine a set of intricate scientific concepts, and with these concepts they can then begin to expand into their key skills applied throughout different elements of an investigation. These tasks would be applied so that it increases the independence of the pupils, and that it builds on their confidence when attempting to dissect the intricate tasks. The curriculum will inspire the development of the pupils analytical thinking and interpretation skills, which will eventually all correlate to it being an aspect of computational thinking.
This review from Donaldson offers the overview of Computer Science into the curriculum, and more specifically into the ‘Science and Technology Area of Learning’. Including subject within this learning area would prompt pupils to use more associated computational skills which are currently treasured in the modern working world. These skills could range from critical analysis, the application of algorithms and the purposes behind them, and the fundamental skills required for problem solving. This will allow also give the pupils scope for designing and developing computationally and will follow the processes of a system life cycle, identifying the stage of implementation and testing of digital applications.
Relating back to the report that was produced by the ICT Steering Group (2013) from the previous section of this research, it put forward an idea that Wales as a whole should become as what they described being “an Agile-Digital Nation, renowned for producing talented technology innovators, leading software engineers, successful entrepreneurs and other related roles capable of becoming world leaders and contributing to the success of a thriving digital industry in Wales”. This report maintained that presenting the computing elements into the forthcoming curriculum would assist in developing a set of benefits referring to the financial and communal for the pupils that are educated within Wales, and that it further develops the opportunity of Wales becoming a pioneer in computing and digital skills.
One of the key consequences that arose from the review by Donaldson, was that the expectation of the digital competence obligation throughout the curriculum alongside the newly combined aspects of computer science would not be sustainable with the current knowledge that teachers have surrounding these identified areas.
[bookmark: _Toc9287813]DCF Framework

The Digital Competence Framework (DCF) is the opening component of the new curriculum proposed by Donaldson for Wales to be presented to schools. The ever-growing use of technology and systems is supported with the introduction of digital competence.
Digital competence has now been introduced as a cross-curricular responsibility, together with the already existing literacy and numeracy. To make an awareness, it should be mentioned that the DCF should not be considered to have an integrated connection with the current subjects of ICT or Computer Science. This new framework will aim to deliver the development of the required digital skills in which they can be addressed to an extensive selection of subjects, and applicable scenarios which can be implemented into the working world. This will recognise the knowledge, creative and confident set of skills required to match the demands of a rapidly growing industry (Welsh Government, 2016) .
In aid of this upward demand for more digital competent learners, it is vital that the learners of today are to be conversant, proficient and have the ability to achieve their potential to be effective in modern culture. To support the integration the DCF in the upcoming curriculum Rowlands (2018) stated “Schools should be familiarising themselves with the new Digital Competence Framework, by creating a whole-school vision and putting this into practice.” 
This provides a larger understanding of the reputation that digital competency can hold within the curriculum, and how it should always be considered to be a development within the school, that everyone can work towards as a responsibility.


[bookmark: _Toc9287814]Summary

To summarise and bring everything together from the different sections, it was evident throughout how much computer science has been growing through the years with regards to the demand in the working world, but it is also matched with it being present within the curriculum in Wales. As of the new curriculum that is being introduced within Wales, it has clearly planned out its vision for computer science and it is integrated throughout.
This is supported with the inclusion of the Digital Competency Framework, which is going to become a requirement for practitioners to integrate within their lessons. The advantage that this develops is that the pupils are going to be fully immersed with the ever-growing technological world. The pupils developing these computational skills will work towards the vision that was presented within the ICT Steering Groups report.
The disadvantage with the new curriculum coming, is that as of yet there are no current guidelines on what is specifically meant to be taught within the identified ‘Area of Learning’. The problem that this presents is there is going to be no consistency with the amount of subject-specialist time that that the pupils are going to receive, and this is going to be at the discretion of the practitioner. As the problem that was identified that key terminology between the subjects needs to be addressed, this is a cause for concern and will need to participate in further research.

[bookmark: _Toc9287815]School Policy and Practice

Appendix 1 contains the assortment of different policies that were examined within this research, and they were used to be able to identify the necessary links to my previous readings and how they can be applied within the guidelines of research. Having these policies made available allowed for integral planning to instigate the research, as this would need to be portrayed throughout the impending practices within the classroom.

[bookmark: _Toc9287816]Curriculum Policy
Before starting any planning for the research, the relevant information needed to be retrieved on the curriculum of the school. The required information for this was obtained from Appendix 1.1 which is the curriculum policy for School X. This policy identifies that literacy and numeracy are fundamental to the school’s curriculum, and that all the departments promote the development of Literacy and Numeracy in accordance with the statutory LNF (National Literacy and Numeracy Framework). It also identifies that pupils are anticipated to acquire the required skills of Developing ICT through the DCF. As a result, the curriculum will be fulfilling the two skills framework and the enhancement of pupil’s essential skills.
The curriculum policy provided a list of the associated responsibilities that were required to be met by the teacher within the classroom. From this list there was one important responsibility that were identified to be fundamental to my practice. This was an important responsibility that links into my research, as it allows learners the opportunity to see the connections between subjects, skills, and cross-curricular dimensions. This responsibility is the underlying problem that I am investigating within my research and knowing that there is curriculum policy that addresses this concern shows that there is consideration for this problem. However, the research that is going to be undertaken is going to look at the opposite features of this policy, looking at when learners see the connection between subjects and skills, that they are able to still distinguish the source of relevant information, rather than see them as a combined source of information. 

[bookmark: _Toc9287817]Assessment Recording Policy
In order to obtain the required information for the research with regards to pupil progression, a suitable form of assessment would need to be undertaken. To support with the preparation of assessment within the research, the required information was retrieved from the assessment recording policy for School X which is provided in Appendix 1.2. The assessment, recording and reporting policy functioning within School X is designed to fulfil the requirements of both formative and summative assessment and to have these essential values at the lead of its thinking.


[bookmark: _Toc9287818]Methodology and Ethics


[bookmark: _Toc512203749][bookmark: _Toc9287819]Philosophy
The purpose for the choice for the use of Phenomenology as the identified thinking philosophy, is because of its natural participation with relation to the gathering of the required data on the diverse identifications of range of individuals involved with the research. The result of this should ultimately offer sufficient information, to have a wider understanding of how the set-out question can be solved, and the range of potential ways of solving it effectively. 
Phenomenology in further supporting detail is the philosophy that holds the realism of any knowledge which is socially accumulated, relatively than it being correctly determined from an alternative form of philosophy. Koch (1995) mentions that “The phenomenological approach aims to develop a complete, accurate, clear and articulate description and understanding of a particular human experience or experiential moment”. 
Taken from the discussion of Lester (1999), he indicated an advantage of introducing this philosophy to assist with research by revealing “many organisations value the insights which a phenomenological approach can bring in terms of cutting through taken-for-granted assumptions, prompting action or challenging complacency.”
Using this type of philosophy effectively will allow for a supportive summary to look at the range of outcomes from the research collectively. Also, to then have the capability to scrutinise any misunderstandings about that could have appeared throughout the research (Grand Canyon University, 2018).
As the identified problem is found within the distinction of key terminology used within ‘Computer Science’ compared to that of ‘Science’, the results are going to present different thoughts and ideas on how the appropriate terminology should be used, and depending on the understanding and the ability of the pupils (Mohd, 2008)
	Limitations
	Potential Solutions

	Beginning the reliability and validity of the data collection, which could potentially make subjective research problematic.
	When the pupils participating within the research are being selected, confirm that they have been selected variously to prevent the possibility of the research being bias, and that the pupils will be honest with their results

	Possibility of the research becoming bias is difficult to detect.
	

	Assembling data, resources and analysing the data may be time consuming.
	Consider a research plan to monitor effectively, in order to stay on track and that time is spent efficiently during PTE.


[bookmark: _Toc512203750]
0. [bookmark: _Toc9287820]Teaching Methodology
From reviewing the range of teaching methodologies that could be applied for this research, the selection of applying constructivism is deemed to be the most suitable. Constructivism is seen to be a theory, that is based on the combination of both scientific study with the assistance of observation. This theory was proposed by Piaget (1964), and to support his he stated “The goal of education is not to increase the amount of knowledge but to create the possibilities for a child to invent and discover, to create men who are capable of doing new things.” Its main proposal is that it claims people will produce their own considered understating and develop an absorption of knowledge, through the medium of experiencing certain things, and then be able to reflect of those experiences (Steffe, 1995).
[bookmark: _Toc9287821]Approach
The thought of the choice of introducing an inductive approach to the research is because it will let the researcher recognise the potential patterns within the dataset collected from the first set of pre-assessment. From the first initial dataset, it will allow for the creation of hypotheses to test throughout the research duration. (Dudovskiy, 2019)
In order to support the choice of approach for this specific research, Thomas (2003) comments “The inductive approach reflects frequently reported patterns used in qualitative data analysis.” As the data that is going to be collected is going to be majority qualitative, the identification of certain patterns will aid towards the conclusion of the investigation.
To further support the choice of an inductive approach, Soiferman (2010) makes it clear that “In making use of the inductive approach to research, the researcher begins with specific observations and measures, and then moves to detecting themes and patterns in the data.” 

[bookmark: _Toc512203751][bookmark: _Toc9287822]Strategy
The aim for using a case study within this particular research will allow the researcher to obtain an extensive understanding of this identified phenomenon. It could potentially offer a more reflective appearance with relation to the many ranges of evidence that are to be used, such as observations and results from the pre-assessment.
To support and provision the choice of strategy being initially a case study with support of observations, Zainal (2007)  indicated that “the detailed qualitative accounts often produced in case studies not only help to explore or describe the data in real-life environment, but also help to explain the complexities of real-life situations which may not be captured through experimental or survey research.”
To attempt to obtain a stronger understanding for the use of a case study for the required research, Fidel (1984) assumed that “As a research method, case studies seem to be appropriate for investigating phenomena when a large variety of factors and relationships are included.” From concluding the different elements that are going be brought together that was made aware within the literature views, such as the inclusion of the DCF along with the ‘Science and Technology Area of Learning’, this provides the research with a wide spectrum of resources to consider. To support this explanation Becker (1970) identifies that case study should be seen as a comprehensive investigation of a distinct situation assuming that “one can properly acquire knowledge of the phenomenon from intensive exploration of a single case”.  

	Limitations
	Potential Solutions

	From the resulting research after it has been completed, there is always going to be a possibility that a sufficient evidence could not be gathered. 
	Information will be gathered from the literature review to ensure that the research that is being undertaken, will obtain all of the required information that is needed.

	The inclusion of observations within the research could be seen as incorrect, resulting in the production of invalid conclusions.
	When observations are taken, they will need to be thorough enough, in order to obtain the required information, and ensuring that it is both useful and accurate.


[bookmark: _Toc512203753]



[bookmark: _Toc9287823]Evaluation

This section will cover an evaluation of the sequence of lessons that were delivered to a mixed ability KS3 class to address the misconceptions of key terms between the two separate departments of ‘Computer Science’ & ‘Science’. These key terms can be acknowledged as somewhat interchangeable but distinct in their own way, and this is what needs to be addressed. The purpose of this being the basis of the research question, is in relation to the proposed ‘Successful Futures’ that is going to be the new curriculum for Wales. As the selected KS3 pupils will still be in education when the new curriculum is introduced, understanding these misconceptions will ease their transition into the ‘AoL’ which will then be known as ‘Science and Technology’. This curriculum is going to be fully initiated by 2021 within schools, but there has already been a full range of concerns relating to it and will need to be addressed before the curriculum is fully initiated.
The initial structure for the sequence of lessons was to assume that the pupils were not aware of the how different key terms could have a different meaning depending on the subject area, and that through the lessons they would progressively gain a meaningful understanding on how to distinguish the key terms relating to the subject area, and when to use it correctly comprehensively throughout their time in the subjects.
The preliminary start to the research began with informing the pupils at the end of a normal lesson of what was going to be happening over the forthcoming lessons. The purpose behind for this was to ensure that there was no disruption and that the results of the assessments did not contribute towards anything that would affect their levelling/attainment. Addressing this with the pupils would ensure that their contribution to the assessment was natural, and that it should not have created any discrepancies within the data that was going to be gathered. Following up with the awareness of the research that was on-going, the task at the end of the lesson was for the pupils to begin their pre-assessment of their understanding of key terminology. To ensure that relevant policies of School X were being followed accordingly, the relevant use of assessment was going to be applied meaningfully and that the results of the assessment will have essential values at the lead of its thinking. The assessment policy mentioned that an effective assessment can be regarded as bridging the gap between teaching and learning.
The pre-assessment was taken via an online website in which the pupils would log onto using a unique code. When the pupils have successfully signed into the website, they were required to enter their name, so that their results can be assigned to them and making it easier to assess the individual results. The structure of the assessment was a multiple choice set of questions, in which pupils had a selection of four answers for every question. This assessment consisted of a range of ten questions which were related to the key terminology identified for this research.
Once the pre-assessment was completed by the pupils, this data was then available to be exported as a spreadsheet file. Within this file it gave the ability to collate all the results from the questions as a class as a whole and had the ability to investigate the individual results of the pupils.


The results from this pre-assessment test showed that as an average for the class, it was a predictable outcome of 45.71% of questions the pupils answered correctly. The reason for it being predictable is that the pupils have not yet received the required knowledge on how to understand the key terminology correctly, and that they are going to get them misunderstood.

Figure 1: Pre-assessment data showing the class average for each question from a KS3 class.
From further analysis on the results from the pre-assessment, it allowed for the identification of the questions that the pupils answered most incorrectly. Using the results from the ten questions that were answered, they were categorised, and colour-coded depending on their overall pass rate. Categorising the questions depending on their pass rates allowed to assist with future lesson planning to address these results, shown in Figure 1.
· Red - 0% to 39% - which questions need to be addressed.
· Orange - 40% to 69% - which questions are an area for concern.
· Green - 70% to 100% - which questions require no further investigation to date.
Using this method of categorisation, it presented that nine out of the ten questions needed a form of action, five of which a cause for concern needed to be addressed imminently to the pupils.
As the results reflected a clear misunderstanding with the key terminology, this allowed for the planning of the future lessons to begin to address this problem. The planning of the lessons needed to ensure that the selected pupils of mixed ability at KS3 would have enough time and tasks to complete, to result in the resolution of the previously identified misconceptions. The sequence of lessons that was planned would be over three lessons, and due to the timetabling within School X for KS3 at ICT, this was able to be completed over a two-week period.
The first lesson of the sequence was going to attempt to target the ‘red’ identified questions from the pre-assessment results. As these questions received the lowest results, it showed that that many of the pupils had an underlying problem or misapprehension and that an extensive amount of time would need to be assigned to addressing this. At the beginning of the lesson, the pupils were introduced to the idea of the ‘Science and Technology’ Area of Learning that is going to be incorporated within the new curriculum, and how different words can be used within Computer Science and Science, but have different underlying meanings. Once this was made aware to the pupils, then the lesson would commence as another normal lesson would.
The first task of this lesson was to be a teacher-led discussion with the class relating to the identified ‘red’ questions. The pupils were not aware of the categorisation of the questions; therefore, they had no indication on the results that were produced from the class. Having this discussion with the class allowed for naturally generated comments on what they thought the key terminology meant, and it also allowed for peer-to-peer learning because of the range of comments the class was providing.
Resulting in the predicted range of comments that the pupils were providing during the discussion, the following task for the pupils was for them to undertake their own individual research into the five identified questions. The pupils were encouraged to do online research and create their own understanding of the key terminology creating their own ‘Personal Dictionary’. Allowing for the pupils to generate their own interpretations of the key terminology by participating in their own research, would reflect a more natural understanding of the areas and that they can attempt to understand them at their own pace.
At the end of the lesson, the correct uses of the key terminology were presented to the pupils in a form of ‘flash cards’, and these were used for two purposes. The first purpose was to promote the pupils studying throughout the lesson, and to be able to actively recall what they had been researching. The second purpose was so that if pupils felt their own definitions of the key terminology was not slightly matching, then these flashcards would be used as a form of scaffolding for the pupils to address these identified issues.
The second lesson of the sequence was going to attempt to target the ‘orange’ identified questions from the pre-assessment results. As these questions showed a mixed reception of results, the planning required to address these questions was going to take a whole lesson. This lesson was approached as the same as the first lesson, starting with a teacher-led discussion with the class relating to the identified ‘orange’ questions. Having already used this task with the pupils the previous lesson, and now being aware of the new outcomes from the forthcoming curriculum, this discussion produced a more thoughtful set of comments, and it was evident that the pupils were more conscious of distinguishing the key terminology.
Similar to the first lesson that was delivered to the pupils, they were asked to once again produce their own ‘Personal Dictionary’ which would look at the remaining key terminology that needed to be addressed. From verbal and visual feedback that was received from the pupils, they felt that they were fully engaged with the purpose of the activity, and how they are producing their own generated learning, making it all centred around the pupil. To conclude the second lesson, the task with the ‘flash cards’ was reintroduced to the pupils. As the pupils knew the purpose and effect this activity had from the previous lesson, the amount of engagement from the pupils was more prominent and that this task itself needed no navigation from the teacher, as it was led exceptionally by the pupils. To reflect on the lesson, the more independence the pupils were given to complete the tasks, the easier it was for them to summarise the information in their own unique way. Using this approach of active learning from Piaget, it was clear to see how applicable and relevant it was to be solving the problem identified within the research.
To initiate the start of the final lesson of the research, the pupils were asked to recall the key terminology that were targeted within the previous lessons without using any of the resources that they had already produced. The purpose behind this task was so that the pupils would become dependant on their ability to recall what we covered within the previous lessons, and make those connections with their prior knowledge, allowing them to be able to once again ensure the absorption of the key information. The recalling of the key terminology was placed into a blank document by the students, and then once completed they had the option to assess it against what they had completed the previous lesson. This task would not be assessed by the researcher, as it was purely designed for the pupils to make those connections, and once again cementing that student-centred learning that was put forward by Piaget.

For the remainder of the lesson before the pupils would complete the post-assessment, pupils were encouraged to ask each other to give definitions of what the key terminology meant, and then reflect on the answers accordingly. The reassurance of this task for this lesson would guarantee the collaborative learning environment within constructivism, and that the pupils would surround their learning in an expressive context and concluded with a reflection on what has been learned through conversation when communicating with a range of learners.
The final task within the last lesson was for the pupils to complete the post-assessment, so that the progress can be measured from the pre-assessment and see whether some of the key issues have been addressed. The post-assessment was going to be the same as the pre-assessment, meaning that it will be taken via an online website. It had the same structure to it with a multiple choice set of questions, in which pupils had a selection of four answers for every question. This assessment consisted of a range of ten questions which were the same of those asked in the pre-assessment. Using the same questions for both assessments will allow for accurate measures on the progress made throughout the taught lessons, will provide a platform for analysis on how successful those lessons were. 
The results from this post-assessment test showed that as an average for the class, it was an improved outcome of 64.98% of questions the pupils answered correctly. Comparing this to the preliminary results from the pre-assessment data where the results showed a class average of 45.71%, it has increased by a total of 19.27%. Linking these two pieces of information together, it is evident that there is a clear link between the progression of the pupil’s knowledge in acknowledging the key terms, following on from the delivered lessons. 

Figure 2: Post-assessment data showing the class average for each question from a KS3 class.
Applying the same categorisation technique of the results from the questions used for the pre-assessment, the questions that were targeted in red (0% to 39% accuracy) which were questions 3, 4, 5, 6, and 7 all produced a significant improvement from the results show in Figure 2. Using the evidence shown between the pre and post assessment, it portrays that the selected methodology put forward by Piaget was a successful application, and that if this research was to be extended over an increased number of lessons, then there would have been a more evident correlation with the improvement taken from the assessment results.


[bookmark: _Toc9287824]Conclusion

Bringing this research to a close and reflecting on what was produced throughout the evaluation a suitable conclusion can be made. The aim of the research was to attempt to investigate the misconceptions that pupils within KS3 have when it comes to using the correct definitions for certain terminology with Computer Science. The reason for this being the targeted research area, is a result of the newly proposed curriculum for Wales, that was put forward by Professor Graham Donaldson. This curriculum is looking to combine several technical subjects into one whole subject, or as it is referred to within the report an ‘Area of Learning’.
One of the prominent problems that this puts forward, is that some of the key words that are used within computer science have a different meaning within a subject like science. For example, the definition of a variable within computer science is something that is used to store information, and then it can be referenced by another section of a program. However, a variable in generic science is seen as an item within an experiment that can be controlled or changed. To make this more difficult for the pupils to distinguish, a variable within science can then be split into three different kinds: independent, dependant, and controlled. This is just one of the examples of how key terminology within the two subject areas, and how they can have such a contrasting definition. 
When these two subjects will collate together with the other subjects under the approaching curriculum, there will be numerous times throughout the curriculum where these key terminologies will be used interchangeably and the pupils will not be able to distinguish which one is applicable to the relevant tasks that is set. Ensuring that the pupils have received the relevant knowledge and understanding how when to use to the correct terminology, this will reduce the amount of disruption within the future. As mentioned within the literature review, one of the key consequences that arose from the review by Donaldson, was that the expectation of the digital competence obligation throughout the curriculum alongside the newly combined aspects of computer science would not be sustainable with the current knowledge that teachers have surrounding these identified areas. From the evidence shown within the evaluation of the results shown from the post assessment, pupils have the ability to bridge the gap with this concurrent problem. With the correct time and resources put into this identified concern, then this future problem can be minimised substantially. 
For the purpose of this research, the identification of ten different key terminologies were selected that have different conflicting definitions between computer science and science. The assessment for this research was for the pupils to participate on an online quiz, where they would have to select the correct definition applying to the relevant key terminology within the question, and also that it had to be the applicable computer science definition, not the science definition.
The underlying philosophy for this research was phenomenology, and this was selected for its ability to allow the researcher to develop a complete and accurate understanding of a particular experience. Applying this philosophy effectively allowed for the capability to scrutinise any misunderstandings about that could have appeared throughout the research.
Once the misunderstandings were discovered from the pre-assessment results, the planning of the upcoming lessons could commence. This was done with consideration of the constructivism learning theory, which investigated how the pupils can construct their own knowledge and meaning, with a set of experiences that they engage in. Attempting to include aspects of this theory throughout the sequence of lessons, and throughout the individual tasks, this proved to be a success. The impact that this learning theory had on the pupils was rewarding, with regards to the morale of the pupils working within this concept, and also the expansion of their knowledge, relating to the quality of the work that they were producing without any form of teacher involvement. It was evident from an observational point of view to see that productivity that the pupils were portraying when these pupil-lead learning tasks were given to them. They showed a determined drive to get the understanding of the key terminology and this was evident within the post-assessment data. 
[image: ]
Figure 3: Comparison of pre-assessment & post-assessment data showing the class average for each question from a KS3 class.

As it is shown clearly within Figure 3, there was progression within the results for nine out of the ten questions that were asked to the pupils within the pre and post assessment. As an average for all the questions, the post assessment had increased by 18.57%.
There is one discrepancy that is shown within these results and that is that question 8 did not make any noticeable improvement between the two assessments. As it stands there is no evidence to support why this discrepancy has occurred, but instincts would suggest that the pupils were too complacent with the definition for this key term, and that it was not developed throughout the sequence of lessons. For future practice and reflecting on this anomaly, more in-depth analysis of the pupils understanding of concepts will need to be investigated more efficiently. A proposed solution to address this irregularity from occurring again, could to potentially get the pupils to participate in an additional assessment in between the pre and post. This would not have to be as a structured as the other two, but can be seen as record tracker, to ensure that what is being absorbed by the pupils is accurate, and that no action would need to take place.
To conclude this research, a produced recommendation that is based on this research would be that schools review the new proposed areas of learning for the new curriculum, and that they can identify themselves where certain aspects from one subject, may have a direct impact with another subject that it is going to be combined with. This research is just looking at the differences between computer science and science, but when subject specialists come together, they will be able to scrutinise what aspects of their subjects will need to be addressed before the new curriculum is fully integrated into the schools. The evident data from this research shows that with the correct approach, tasks and time, then these discrepancies can be addressed sufficiently.

[bookmark: _Toc9287825]Limitations and Future Developments

After completing and concluding the research that I undertook, I can now attempt to identify the limitations of my study. Throughout this section I will be looking closely into the attention to areas of future classroom enquiry which will support my professional and personal development.
Initially starting the research was a difficulty trying to pinpoint what exactly I wanted to investigate into more detail. My thought process during the planning of the research, is that I wanted to produce a piece of research that is going to be considered and useful to some practitioners that are going to be within the same ‘Area of Learning’ under the new curriculum. This then encouraged me to discover any underlying problems that have not yet been clearly explored, and how I can use this designated time to bring awareness to the issue. The problem that I discovered with the use of key terminology within the different subjects, and how they are going to be used interchangeably under the new curriculum, I thought was innovative and that to a non-subject specialist would not have the awareness of this potential problem.
The problem that I found when I was conducting the research is because of how niche this identified area is, the more difficult it was to find credible and useful resources. In order for me to develop if I was to undertake a form of research as well, I would try to identify a wider range of resources, and finding relevant literature, for me to produce higher quality documentation.
If I had more time to participate in the research within my PTE, then I would have liked to address the discrepancy that was identified with question 8 of the results. As of the timetabling of School X with regards to the amount of lessons at KS3 that the pupils received in ICT, and the duration that I had left within my practice there, it wasn’t a possibility to address this issue. With regards to this becoming a development for my professional study, I will attempt to become more time-efficient in relation to the number of tasks that I want pupils to complete within a lesson, resulting in them completing more work.
For my future practice when using the identified key terminology, I will try to ensure that the pupils I am using these words will be aware of what is going to be happening under the new curriculum, and mention to them that this could also become a problem within other ‘Areas of Learning’. I believe that making the pupils aware of the chances of this happening within other subjects, would also make the teachers more aware. In terms of my professional development during my current and future involvements with practitioners, I will try and spread this awareness, ensuring that other people are aware of these discrepancies. Hopefully, as a result of make other practitioners aware, more inconsistences can be identified and then handled with ample amount of time. 
I found that the assessments that I had the pupils participate in, provided me with enough data and what was required in order for actions to be taken. The one limitation that was reflected on after the research was concluded, was instead of giving the pupils a pre-set of answers to the questions within the assessment, that they would have to produce their own answers. The initial purpose for going with pre-set answers for the assessment, was mainly for the time-efficiency it provided, as it could instantly be assessed depending on what answer the pupils chose. The disadvantage looking back at this form of assessment, proves that if the pupils are not being challenged when providing an answer for a question, then they could have been fortunate during the assessment by selecting the correct answer. If I were to do a pre and post assessment again within the future for something similar to this research, I would get the pupils to generate their own answers. To compensate for the more comprehensive answers that would be predicted to be generated, more time would have to be set aside to result in a more formative assessment.
References
Becker, S. H., 1970. Sociological Work: Method and Substance, Chicago: s.n.
Beethan, H. & Sharpe, R., 2013. Rethinking pedagogy for a digital age: Designing for 21st century learning, London: Routledge.
Brown, N., Crick, S., Jones, S. & Kolling, M., 2013. Bringing computer science back into schools. Lessons from the UK.
Donaldson, G., 2015. Successful Futures, s.l.: s.n.
Donaldson, G., 2016. A Systematic Approach to Curriculum Reform in Wales, s.l.: Wales Journal of Education.
Dudovskiy, J., 2019. Research Approach. [Online] 
Available at: https://research-methodology.net/research-methodology/research-approach/
[Accessed 15 April 2019].
Fidel, R., 1984. The Case Study Method: A Case Study. [Online] 
Available at: http://faculty.washington.edu/fidelr/RayaPubs/TheCaseStudyMethod.pdf
[Accessed 14 April 2019].
Grand Canyon University, 2018. Stengths & Limitations of Phenomenology. [Online] 
Available at: https://cirt.gcu.edu/research/developmentresources/research_ready/phenomenology/stengths_limts
GROUP, I. S., 2013. THE ICT STEERING GROUPS REPORT TO THE WELSH GOVERNMENT, s.l.: s.n.
Koch, T., 1995. Interpretive Approaches. The Influence of Husserl and Heidegger.
Lester, S., 1999. An introduction of phenomenological research, s.l.: s.n.
Mohd, K., 2008. Case Study: A Strategic Research Methodology. [Online] 
Available at: https://www.researchgate.net/publication/26517241_Case_Study_A_Strategic_Research_Methodology
Moller, F., 2018. A university-based model for supporting computer science curriculum reform, s.l.: Journal of Computers in Education.
Moller, F. & Crick, T., 2018. A university-based model for supporting computer science curriculum reform. Journal of Computers in Education, 5(4), pp. 415-434.
Philominathan, P., Rajasekar, S. & Chinnathambi, V., 2013. Research Methodology, s.l.: s.n.
Piaget, J., 1964. Cognitive Development in children: Piaget development and learning, s.l.: Journal of research in science teaching.
Rajasekar, S., Philominathan, P. & Chinnathambi, V., 2013. Research Methodology, Tamilnadu: s.n.
Rowlands, M., 2018. Schools need a clear vision for the new digital comptence framework, s.l.: ESTYN.
Soiferman, L. K., 2010. Compare and Contrast Inductive and Deductive. [Online] 
Available at: https://files.eric.ed.gov/fulltext/ED542066.pdf
[Accessed 14 April 2019].
Steffe, L., 1995. Constructivism in education, s.l.: Lawrence Erlbaum.
Stevenson, D., 1997. Information and Communication Technology in UK Schools, London: The Idenpendant ICT in Schools Commission.
Thomas, D. R., 2003. A gernal inductive approach. [Online] 
Available at: https://cdn.auckland.ac.nz/assets/fmhs/soph/sch/hrmas/docs/Inductive2003.pdf.
[Accessed 14 April 2019].
University of Derby, 2009. Research Onion Diagram. [Online] 
Available at: https://onion.derby.ac.uk/onion.pdf
[Accessed 20 March 2018].
Wells, D., 2014. Computing in Schools: time to move beyond ICT?, s.l.: s.n.
Welsh Government, 2016. Digital Competence Framework Guidance, s.l.: s.n.
Welsh Government, 2016. Digital Competence Framework Guidance, s.l.: s.n.
Zainal, Z., 2007. Case Study as a research method. [Online] 
Available at: http://psyking.net/htmlobj-3837/case_study_as_a_research_method.pdf.
[Accessed 14 April 2019].



[bookmark: _Toc9287827] Appendices

[bookmark: _Toc9287828]School X Policies

[bookmark: _Toc9287829] Appendix 1.1 – School X Curriculum Policy

[bookmark: _Toc9287830] Appendix 1.2 – School X Assessment Recording Policy


These appendices will be emailed to the required tutor.

Pre-Assessment Data

Q1	Q2	Q3	Q4	Q5	Q6	Q7	Q8	Q9	Q10	0.7142857142857143	0.5714285714285714	0.32142857142857145	0.35714285714285715	0.35714285714285715	0.32142857142857145	0.2857142857142857	0.5357142857142857	0.4642857142857143	0.6428571428571429	


Post-Assessment Data

Q1	Q2	Q3	Q4	Q5	Q6	Q7	Q8	Q9	Q10	0.8928571428571429	0.8214285714285714	0.42857142857142855	0.5	0.5714285714285714	0.39285714285714285	0.5357142857142857	0.5357142857142857	0.7857142857142857	0.9642857142857143	
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