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[bookmark: _Toc7965558]Introduction
ICT and Computer Science as subjects in the curriculum have a chequered past fading in and out of prominence and importance. In recent years drastic overhaul of the curriculum has been proposed with a view to producing learners are suitably skilled to be creators and developers of digital technology. School A is a comprehensive school based in Swansea, and like many schools across the region and nationally sees pupils arrive at KS3 with wide ranging levels of technological knowledge and capabilities. To address the misunderstandings and misconceptions surrounding Computer Science and topics within the subject I will consider whether lessons developed with a TPCK methodology positively enhance the learning experience for pupils. The research group are a Y10 GCSE Computer Science class that have been identified by their regular teacher as they appear to have misconceptions relating to the topic of Digital Images. The research will utilise pre and post intervention assessment along with observations to acquire quantitative and qualitative data respectively. The data generated and observations noted will be analysed to consider whether the research and study has been beneficial with regards the learning of the participants.

[bookmark: _Toc7965559]Literature Review
Information Communication Technology (ICT) as a subject area has a tumultuous and chequered past with regards to the national curriculum. Although computers were available in some secondary schools during the 1970s and 1980s, many countries did not formulate and adopt a national plan for school ICT provision until the mid-1990s (Simpson and Payne, 2002). In the UK, the first major investment into developing an ICT based education programme arrived between 1981 and 1984 when the government invested £8 million into an investigation to how computers could be used in schools which resulted in an upturn in the general attitude towards the adoption of technology (Wesleyan, 2015). In 1994 the British Educational Suppliers Association (BESA), who had been collecting statistics and data regarding the impact of technology in schools for the previous 10 years, reported that computers were only just being introduced to more schools. By 1998, four years following their original report, BESA found that the number of computers in UK state schools had grown to 820,000 (BESA, 2015). Although a remarkable increase in the availability of computers to school pupils, a 1997 report commissioned by then Prime Minister Tony Blair found that while over 50% of schools had a pupil to computer ratio of 1:10, over 30% of schools had a ratio more in the region of 1:30 (Stevenson, 1997). In the same report it was summarised that “the state of ICT in our schools is primitive and not improving” (Stevenson, 1997, p.6), a damning indictment that pupils across the UK were being failed, resulting in the government considering the future use of ICT in schools as a national priority (Stevenson, 1997). The Blair report and the government’s pledge to improve the standard of technology in schools resulted in an immediate growth in funding, up 8% to £135 million in 1997 and continuing to grow to a total of £596 million in 2014 (BESA, 2015).

Following an undeniably poor initial acceptance of ICT and technology in schools, the increased financial provision inevitably led to greater access to computers growing from the 820,000 in 1994 to almost two million by 2005 (Wesleyan, 2015). While schools became more accepting of technology in teaching and ICT as a subject area began to grow, Computing Science (also referred to as Computing or Computer Studies) slowly fell by the wayside and became a forgotten subject in UK schools as it was swallowed by ICT as a single subject (Brown et al., 2013a). In the 1990s and 2000s the ICT syllabus predominantly focussed on using computers and applications as opposed to creation and development. In large part this was a product of the freedom afforded to schools to teach what they saw fit, resulting in less than half of schools delivering good or outstanding ICT provision with a particular weakness being limited teacher capability in key areas such as programming (Ofsted, 2011). The Royal Society, who conducted a survey comparing the intended curriculum with the implemented curriculum, found that in Wales like England although ICT was a core subject there was variability on how much time students were taught ICT and if any of that taught time related to Computer Science (The Royal Society, 2012). In addition to the low quality of Computer Science teaching, vocational ICT qualifications that were relatively low demand were more commonly offered by schools in an attempt to easily achieve higher grades and boost a school’s league table standing (Brown et al., 2013a). These courses however were often found to be incredibly weighted towards report writing rather than actually practicing ICT skills (Wolf, 2011) and left many students disengaged and mistakenly believing that ICT and Computer Science were one and the same. As a result of a combination of poor teaching standards, consistently dull courses and the unclear definition between ICT and Computer Science most students that left school prior to 2012 did so actively disliking what they perceived Computer Science to be (Brown et al., 2013a).

With ICT and Computer Science in poor standing it could come as little surprise that then Education Secretary Michael Gove announced in 2012 that the existing ICT curriculum would be scrapped and that schools would soon see a reintroduction of Computer Science as a standalone subject. Gove stated in his public announcement that the ICT curriculum was “not preparing children for this new world” and that pupils had been “bored out of their mind being taught by bored teachers” (Gove, 2012). The government’s proposal to reintroduce Computer Science to schools was widely supported in the IT sector with leading figures from Naace, Facebook and the British Computer Society (BCS) supporting the move (Gove, 2012). At the time of the national change in direction the ICT curriculum in Wales was perceived as less prescriptive than its English counterpart but suffered with the same issues (Brown et al., 2013a). Considering the significant focus on ICT in education the Welsh Government called for a review of the ICT curriculum. The ICT Steering Group report issued in 2013 found that the ICT curriculum suffered with fundamental issues namely that it was too outdated, too focused on documentation and that learners were being taught simply how to consume ICT rather than be encouraged to become creators (Welsh Government, 2013). The Steering Group’s report made several recommendations to Welsh Government to resolve the near-crisis state of ICT in the curriculum, one of the key recommendations was the need for a major overhaul of the subject and a disaggregation of ICT into Computer Science, ICT and Digital Literacy. The report found that ICT had become synonymous with word processing and spreadsheets, an inaccurate reflection of the subject. Another recommendation would be the introduction of a Digital Literacy Framework now known as the Digital Competence Framework (DCF). As part of a wider scale overhaul of the Welsh education curriculum the DCF element was the first to be made available to schools and focuses on providing learners with the opportunity to promote their digital competence across the curriculum (Welsh Government, 2016). Literacy and numeracy frameworks are already embedded throughout the curriculum and digital competence should also be viewed with such importance (Welsh Government, 2013).

In total the Steering Group’s report proposed 12 recommendations for the future development of ICT and Computer Science in education, all of which have been proposed in such a way that they consider the challenges that lie ahead. For example, a recognised concern not just domestically but internationally is that there is a lack of suitably qualified Computer Science teachers (Schulte et al., 2012). To address the lack of suitably qualified graduates entering the teaching profession, new PGCE courses are being designed and financially incentivised and investment is being made into initial teacher training (UCAS, 2019). Another of the recommendations focuses on training and professional development of existing ICT teachers. No reliable data is publicly available for Wales but as an indicator of the domestic issue, in 2010 the Department for Education recorded that of the 18,400 ICT teachers employed in England only 35% (6,440) were considered to possess the relevant qualifications to teach ICT (The Royal Society, 2012). One of the leading reasons for this large proportion of unqualified teachers is that as ICT grew as a subject many teachers were drafted in from other subject areas often with little or no training.  The reintroduction of Computer Science poses a similar danger that current ICT teachers may now be expected to teach Computer Science with the likelihood being that schools will find it logistically challenging to accommodate a suitable amount of training (Brown et al., 2013b). The Steering Group proposed access to professional networks to share best practice and professional development and training to be made available for teachers. Barnes (Barnes and Kennewell, 2016), after analysing a small sample of case studies in Wales, states that no matter how clearly specified the new requirements of the curriculum are it is unlikely that they will be satisfactorily integrated into schools without externally supported professional development.

With such a chequered past within education it is not unfair to question what exactly makes ICT and Computer Science so important and do they warrant the level of national interest they receive? In 2017 the UK Government issued a Digital Strategy Policy that noted that many current jobs have a digital element and predictions indicate that within 20 years 90% of all jobs will require a digital skillset (UK Gov, 2017). Such a prediction is somewhat concerning considering that 23% of UK adults lack the most basic digital skills (Skills Funding Agency, 2016). It is clear then that the requirement to be digitally proficient will become ever more pressing and that proper implementation of ICT, Computer Science and the DCF in Wales can be an influential factor in learner’s future successes. The ICT Steering Group noted in their report that learners had been encouraged to be consumers of ICT rather than creators, and while being technically proficient with software packages is valuable there should also be an importance placed on being creative. Successful Futures, the independent review of the Welsh national curriculum that proposed Digital Competence be viewed with the same importance as literacy and numeracy, reinforces the notion that a digital skillset is essential and says, “The ability to use digital technology skills creatively is an increasingly common feature of the modern workplace” (Donaldson, 2015, p. 41). A 2015 Deloitte report found that between 2001 and 2015 technology and automation was responsible for creating 3.5m jobs but also cost 800,000 jobs in the UK. Job roles such as typists, personal assistants and post office clerks have been the hardest hit by the development of technology and automation and are considered high risk. Deloitte forecasts 35% of high-risk jobs are in danger of becoming automated in the next ten to twenty years (Smith, 2015). If forecasts such as those in Deloitte’s report and the Digital Strategy Policy are proven to be accurate then they highlight and identify the importance of not only developing digitally literate individuals but also developing technological creators. Reports such as these also reinforce the notion that ICT alone is no longer sufficient for the everchanging world and the reintroduction of Computer Science, which focuses more on the development of technologies, is more necessary than ever before.

Since the reintroduction of Computer Science into schools there has been an upturn in the number of individuals studying the subject at higher levels. In 2015 Computer Science showed the greatest percentage increase in A-level entries, up 29.1% on the previous year (Bateman, 2015). A statement from the BCS noted that in 2017, 7,600 students in England chose to study Computer Science at A-level, a growth of 33% on the previous year, but still alarmingly low compared to the 40,000 they believe is necessary to satisfy the need for 1.2m digitally skilled people by 2022 (BCS, 2017). At higher education level, in 2016, Computer Science saw the largest percentage increase in uptake for first year undergraduates at 4%, although in terms of absolute change the actual increase in the number of students was only 1,175 (HESA, 2017). 

The history of ICT and Computer Science in education has not been straightforward, the numerous changes in approach, focus and perceived importance have led to a situation where learners have inevitably received a wide-ranging level of specialist teaching. Research indicates that where teachers lack in confidence in their own ability using technology, they are significantly less likely to utilise it in the classroom let alone be prepared to teach it (Howard, 2013). Subsequently, it is likely that unless primary teachers have a particular interest or confidence with ICT, pupils will not receive specialist ICT teaching until KS3, as a result pupils arrive at secondary school with a diverse range of ICT skills. To ensure that learners receive the highest quality of teaching from KS3 onwards it is imperative to consider how the use of ICT in teaching and how good Computer Science teaching practices can positively affect the skills gap that currently exists. Cooper and Cunningham (Cooper and Cunningham, 2010) liken the learning of Computer Science to learning a language. In the early 20th century languages were taught far more formally than today with pupils learning grammar and vocabulary with little opportunity to practice everyday language skills. Modern teaching of languages is far more focused on developing conversational skills before moving on to the more theoretical components. Cooper and Cunningham propose that learning Computer Science is similar in that learners can benefit from understanding the broader concepts through practice before moving onto more complex details. In practice, learners could start by learning coding concepts through educational games before moving onto more technically challenging concepts. The Cooper and Cunningham proposal shares similarities with Vygotsky’s (Vygotsky, 1981) Zone of Proximal Development model that declares a learner must first develop a level of independence and basic understanding of a task before there is progression guided by a knowledgeable other. Cooper and Cunningham’s assertion also shares resemblance to Piaget’s (Piaget, 1936) cognitivism theories that propose schemas of knowledge, often described as building blocks. Foundational building blocks must first be in place before further, more detailed knowledge, can be comprehended. With regards to teaching, Yadav et al. (Yadav et al., 2012) propose that learning to teach can be conceptualised into four main areas – learning to think like a teacher, learning to know like a teacher, learning to feel like a teacher and learning to act like a teacher. To successfully establish these knowledge bases the teacher should have in-depth understanding of the subject matter that is being taught and by having this knowledge can then use powerful analogies, illustrations, examples and demonstrations that make the subject content comprehensible to others (Shulman, 1986, p.9). In a 1986 article, Shulman (Shulman, 1986) battles with the aphorism that “those who can, do. Those who cannot, teach” and considers it a calamitous insult to the teaching profession and instead sides with Aristotle who said, “Teaching is the highest form of understanding”.  Shulman feels that for too long subject knowledge and pedagogy had been considered as mutually exclusive resulting in knowledgeable individuals who cannot teach or teachers who do not possess the correct knowledge and proposed a new perspective known as pedagogical content knowledge (PCK). PCK, as seen in Figure 1 (below), is a unique knowledge to teachers that is a combination of subject knowledge and the knowledge of teaching others. 
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Figure 1: PCK Venn diagram.
As technology has become a more prominent component in the learning environment, Shulman’s PCK model has been developed to include technological knowledge. Mishra and Koehler (Mishra and Koehler, 2006) propose technological knowledge as a third knowledge base to create a triad known as technological pedagogical content knowledge (TPCK), as seen in Figure 2 (below). 
[image: Image result for tpck]
Figure 2: TPCK Model (Kirby, 2008)
TPCK is the synthesis of three separate knowledges to create what Mishra and Koehler refer to as “the basis of good teaching with technology” (Mishra and Koehler 2006, p. 1029). TPCK requires an individual to have a strong knowledge of their subject matter, the ability to impart that knowledge to learners and a suitable confidence and knowledge of how modern technology can be used in the classroom to enhance learning. The TPCK model does not only apply to teachers of ICT or Computer Science but to teachers of all subjects. However, the inevitable challenge is that while many teachers have PCK achieving TPCK requires investment in training which can quickly become outdated (Mishra and Koehler 2006, p. 1032). A case study undertaken in 2013 by Ioannou and Angeli (Angeli, 2013) focused on how utilising TPCK in designing lessons can influence learning. The case study focused on a secondary school class in Cyprus (which underwent a broad education reform in 2009 including a redesign of the computer science curriculum) looking at how TPCK centred teaching could address student misconceptions that were diagnosed by their classroom teacher. This specific case study found that the proper use of technology to teach computer science concepts was effective and resulted in learners developing correct understandings of the subject content. The case study concluded that although positive outcomes were found in this instance, it welcomed further studies before any final conclusions should be drawn.
Consideration of the available literature has led me to conclude that the historical standing of ICT and Computer Science within the curriculum has led to many learners receiving a poor educational experience in the subjects. Subsequently, learners possess incredibly varied levels of digital skills with many still harbouring misunderstandings and misconceptions of Computer Science as a subject. Progress has been made in recent years to address these misconceptions and to properly equip learners with the skills they require to succeed in the modern world but it likely to take years to reap the benefits of an overhauled curriculum.

[bookmark: _Toc7965560]

School Policy and Practice
This research project was undertaken in a comprehensive school in Swansea, South Wales, referred to as School A. School A has approximately 900 pupils on roll of which approximately 90 pupils are studying towards GCSE ICT or Computer Science. The school policy is that pupils can take either GCSE ICT or Computer Science but not both. The GCSE ICT/Computer Science cohort is made up of approximately 65 ICT students and 25 Computer Science students spread across both year groups.

The ICT department at School A is responsible for the development and progress of both ICT and Computer Science. As part of their commitment to progression the ICT department identifies departmental priorities in their Departmental Improvement Plan (DIP) and follows specified action plans to seek improvement. The ICT DIP is made up of six priorities, of those priorities the following are most relevant to the research at hand:

· Priority 1 - “To raise expectation and outcomes at KS4 in order that the current Year 11 achieve 81% in ICT and 86% in Computer Science at Level 2, 40% in ICT and 34% in Computing at A*/A.”
· Priority 5 – “To develop the KS3 curriculum by incorporating the LNF and the DCF so that it gives an excellent educational experience and prepares pupils for KS4.”

I have identified these priorities as relevant as I believe that one relies on the other. Priority 1 concerns itself with the improvement of attainment levels at KS4 level but to do this the ICT department recognise in Priority 5 that pupils must first be suitably prepared for KS4 through excellent education in KS3. As noted in the earlier literature review, many pupils arrive at KS3 with varying levels of technical capability. School A recognise this is the case and have made it a priority that if they wish to see pupils succeeding at GCSE level, they must first deliver excellent teaching, a diverse range of tasks and be upskilling pupils in KS3 in preparation for KS4. To further promote an enhanced ICT learning experience School A have redesigned their KS3 ICT curriculum to be more in-line with the DCF and the department are actively supporting staff across the curriculum to incorporate technology successfully in their lessons.

School A’s DIP supports my findings and assertions in the earlier literature review that pupils arrive at KS3 with varying levels of ICT capability. It has also been noted during my teaching practice in School A by the ICT head of department that in his professional experience pupils have always arrived at KS3 with varying levels of ICT ability and widely differing interpretations of what Computer Science is. It is inevitable that pupils will receive different levels of exposure to ICT at KS2 which is likely to be dependent upon the confidence of non-specialist teachers to utilise technology in their classroom at KS2 (Howard, 2013). To address this issue and to ensure pupils arrive at KS4 without major misunderstandings or misconceptions, School A are actively seeking to develop the knowledge and skillset of their KS3 pupils to ease the transition into KS4.


[bookmark: _Toc7965561]Methodology & Ethics
In light of my readings around ICT, Computer Science, their place in the modern education system and from my professional teaching experience and learning from experienced teachers I have little doubt that misunderstandings of key ICT and Computer Science subject knowledge are widespread among KS3 and KS4 students. In my personal experience it is not uncommon to find pupil knowledge in specific areas can range from very high, to very low and to non-existent within a mixed ability secondary class.

When considering a suitable group for research I sought advice from School A’s head of ICT. Through professional dialogue it was explained that pupils in a current Y10 Computer Science class had pre-existing misconceptions about the theory of digital graphics. Pupils appeared to be unclear on key terminology such as pixels, resolutions, RGB, bitmaps, vectors and often used terms incorrectly or interchangeably. My professional dialogue with the head of department led me to use the Y10 class in question as the research group with the view to discovering whether a scheme of work designed and delivered with a TPCK focus would have an impact on learners.

Once the research group had been identified consideration was given to the sequence of lessons to be delivered and the research methodologies to identify how learners would be impacted. In 2018 the British Educational Research Association (BERA) published their most up to date version of the Ethical Guidelines for Educational Research. Since its birth in 1974 BERA as an organisation have clearly stated that principles such as openness, integrity and transparency are at the core of their purpose and BERA are widely renowned as the standard by which educational researchers must adhere. All research conducted and reflections made of said research in this paper have been done so in accordance with BERA principles namely respecting privacy, diversity and dignity of participants (BERA, 2018, p.4). Consideration has also been given to the potential benefits and exposure to harm of participants (BERA, 2018, p.8). It was concluded that participants will not be exposed to additional harm or risk and that participants would not receive a lower quality of teaching as a result of this research. At the start of each academic year parents of the participants sign an agreement that they are aware such research activities may take place in the school environment. Participants were also given the opportunity to opt-out of the research. The proposed research and purposes were clearly explained to the participants and it was also explained that participants have the right to withdraw their consent to participate in the study at any time. Withdrawal of consent applies only to the analysis of data and does not allow a participant to withdraw from attendance of the sequence of lessons.
[bookmark: _Toc7965562]
Methodologies
To effectively measure the impact of the research being undertaken it is fundamental that data is collected. All research studies require the collection of data which can include both quantitative and qualitative data (Lodico, Spaulding and Voegtle, 2006). After some consideration I have selected two research methodologies to acquire primary qualitative and quantitative data. The chosen methodologies will include observation of participants to acquire qualitative data and the administration of pre and post-intervention testing to acquire quantitative data.
[bookmark: _Toc7965563]Observation
Observation is a well-established research technique in the educational environment (Arthur et al., 2012, p.166) and also plays a significant role in how we learn (Bandura, 1966), but to utilise observation as an active research tool requires a formal and systematic approach. Lodico (Lodico, Spaulding and Voegtle, 2006, p.119) states that conducting good observations is reliant on having a clear idea of the behaviours you hope to observe. Additionally, the research should actively keep in mind that observations should be kept short, the researcher should be alert to behaviours, conversations and activities of the participants and that there should be a focused concentration avoiding global observations (Lodico, Spaulding and Voegtle, 2006). Prior to lessons I will produce a list of behaviours I anticipate may be present during the lesson. My observation techniques will share a resemblance with the Tavistock Observation Method. Originally designed as a psychoanalytic child observation technique the Tavistock Method is an observation method requires the research to be “present in the moment as fully as possible” and “open to perceiving as much as possible” (Rustin, 2009, p.30). One of the most prominent characteristics, which I consider a significant benefit, of the Tavistock Method is that no photos, videos or notes are collected during the observations but are reported or transcribed following the experience (Brooker, 2009, p.30) allowing the researcher to focus on the research environment and not on data collection. I hope that by utilising the Tavistock Method I will be able immerse myself in the classroom environment and be able to make accurate observations specifically noting the feelings and response of individual learners. Of course, the major potential drawback of the Tavistock Method is that during reflection and transcription observations can be forgotten or missed. I will endeavour to be thorough and accurate in my observations and recordings of events within the classroom.
[bookmark: _Toc7965564]Pre and Post-intervention Assessment
Whilst observations will acquire qualitative data this research project also requires quantitative data which will be collected using pre and post-intervention assessments, herein referred to as pretest and posttest. The fundamental basis of pretest and posttest is that the researcher gathers a baseline measure of knowledge prior to any intervention and then a posttest following the intervention (Salking, 2010). By using pretest and posttest I will be able to gather quantitative data that can be compared and analysed to interpret how the intervention may have impacted on the knowledge of the learners. The validity of pre and post intervention assessments as a method for measuring change has been under scrutiny for a great many years. Almost 50 years ago, Cronbach and Furby (Cronbach and Furby, 1970) argued that such testing methods are rarely useful. Cronbach and Furby’s assertions hinder largely on the assumption that pre and posttest results are unreliable and the difference between these scores is also inherently unreliable. However, Dimitrov (Dimitrov, 2003) argues that reliability of such tests should not always be thought of as low and that many researchers take this stance as a result of tradition and generalisation. In this instance, in a relatively small-scale group within a well-controlled environment, I am confident that pre and posttest will give me a broad understanding of whether the interventions in place have had a positive or negative impact on the learner’s knowledge. The pretest posttest method is feasible to implement and will be conducted in a way that learners are already familiar. As a result, I anticipate learner’s behaviour and response to assessment to be no different than usual.
[bookmark: _Toc7965565]Ethics
When considering suitable methodologies for effective and reliable research it has also been important to consider the role of the researcher. As the regular classroom teacher and also the researcher, the natural assumption is that when informed of the research the learners may alter their behaviour. Bigler (Brooks, te Riele and Maguire, 2014) found though that even when participants are aware of a researcher’s presence, they are often still unaware of how their body language or casual utterances can be observed. Another major consideration is the dual responsibility of myself acting as both the teacher and the researcher which could potentially raise ethical issues (Miller, 2012). One consideration is that participants may feel pressured to participate in the research as the researcher is in a position of authority and that their refusal may negatively impact their grades (Nolen and Putten, 2007). Nolen and Putten also state that conducting research activities that do not significantly differ from ordinary classroom practice may make it difficult for students to reach an informed decision regarding their participation (Nolen and Putten, 2007, p.3). These ethical scenarios have been considered and it has been concluded that the research task is suitable and ethical for the environment in which it is applied.
[bookmark: _Toc7965566]

Evaluation
The TPCK methodology is teaching subject knowledge that the students require for their course whilst utilising technological tools effectively to enhance learning (Mishra and Koehler, 2006). For technology to be effectively integrated in the classroom the teacher must possess technological, pedagogical and content knowledge and there be a clear intersection of these knowledges (Harris et al., 2017). Wilson, Shulman and Richert (Wilson, Shulman and Richert, 1987) state that possessing these knowledges leads to pedagogical reasoning which in turn enables a teacher to suitably transform subject content to make it accessible for the learner.
The following lessons have been designed with a TPCK focus and will take place over two one-hour sessions with a Y10 Computer Science class. Only the results of those who are present and participate in both the pretest and posttest will be analysed and evaluated.
[bookmark: _Toc7965567]Lesson 1
	[bookmark: _Hlk7032392]Activity – Pretest

	Purpose of Activity
The pretest will be conducted using Quizizz which will determine learner’s baseline knowledge.
Learners will be told they are not timed and that answering questions quickly serves no benefit. Learners will not be able to compare their performance with classmates.
	Expected Observations
I expect learners to be confident in the pretesting method. I anticipate most learners will not understand most of the test and will make this known by asking for help.
The pretest is multiple choice, subsequently I expect many pupils will guess answers although this will be difficult to assess.

	Observations / Reflection
Learners were confident in beginning the Quizizz activity and engaged with it seriously.
Pupil G exclaimed “Sir, I have no idea what any of this means!”. Pupil E asked aloud “What even are vectors? Have we done this before?”.
Pupil F and Pupil G were the lowest scorers with 54% and 46% respectively. I had anticipated scores like this to be common across the class.

	Activity – Presentation
I presented several slides to the class to introduce data representation and digital images as a broader subject area. 

	Purpose of Activity
The presentation introduces the new subject area including terminology such as pixels, resolution, bitmap and vector. The presentation also draws links between the prior knowledge of binary and how that relates to bitmap images.
	Expected Observations
Pupils will engage with the presentation when invited to. For example, pupils will be asked if they can provide a suitable definition for terminology before it is explained.
I anticipate that pupils will be vaguely familiar with some terminology but not able to define it correctly.

	Observations / Reflection
When asked to define terminology pupils found it difficult to be succinct in their descriptions. Most of the group recognised terms such as pixel and resolution and suggested where they had known it from rather than what it meant. For example, Pupil D referred to “megapixels” in terms of mobile phone cameras and quality but was not able to provide a clear understanding.

	Activity – Binary Bitmap
Learners will create a number of small images, each in a 10x10 grid where cells are filled either black or white. Black cells are represented with a 1 and white cells with a 0. Learners will use Microsoft Excel to create their images.
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	Purpose of Activity
This activity serves several purposes:
1. Excel is a suitable technological tool for learners to develop their images.
2. The activity draws links to their prior learning.
3. The activity will also be called upon in future theory lessons relating to colour depth.
4. Learners will share the binary code for an image with a friend who will reproduce it.
This activity introduces the concept of bitmap images in a simple way and develops an initial schema upon which further knowledge can be built (Piaget, 1936).
AACTE propose the importance of teachers recognising how technology impacts a learning activity and if it enhances learning (AACTE, 2008, p.245). By undertaking this activity using Microsoft Excel, a readily available tool, pupils can create more images more quickly than if they the same task was performed with pen and paper.
	Expected Observations
I anticipate a small number of pupils may go off-task. Pupils will be reminded that they are expected to stay on task and engage positively and maturely.
I also believe that some pupils will not see the value of the task and may question the purpose or importance of it.

	Observations / Reflection
Learners responded positively to the activity and were predominantly focused on the task. Through conversation it was apparent that learners drew the link between prior learning and this activity.
Pupil A asked “So, if you want to have more colour options you could use more bits for each pixel?” showing his continued desire to learn more in-depth content.

	Activity – What are Bitmaps? (PPT Slide)
Learners will use the internet to conduct independent research and create a PowerPoint slide.

	Purpose of Activity
Learners will be tasked with creating a PowerPoint that will form part of their revision notes. During this activity learners will create a slide that gives a clear definition of what a bitmap is and will collect examples of bitmap images.
	Expected Observations
Learners in this class are familiar with using the internet to conduct independent research so I expect them use reputable sources.
Learners are likely to copy and paste information they find without reading it or ensuring they understand it. In similar previous activities I have asked pupils to read their definitions to me and ask probing questions to test their understanding.
I expect some learners may become distracted by the design process rather than ensuring the content is of a high quality. 

	Observations / Reflection
Moving around the classroom I observed pupils visiting websites that can be considered reliable and trustworthy (BBC Bitesize, Teach-ICT etc.).
Many learners spent more time than necessary selecting background colours and fonts for their slides before inserting any meaningful content. When learners moved onto finding content, they were afforded an element of freedom and creative licence. Learners found example images that interested them, and it is my belief that by affording learners the freedom to select images they find interesting they are more likely to remember them when asked in the future.
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Lesson 2

	Activity – Presentation
Small number of slides presented to recap previous lesson and to introduce vector images.

	Purpose of Activity
To recap knowledge gained in the previous lesson and to introduce learners to vector graphics.
Technology cannot simply be forced into a lesson and be beneficial. Ruiz-Primo et al. (Ruiz-Primo, Schultz and Shavelson, 2001) state that the process of pedagogical reasoning is essential when planning to know when, where and how to integrate TPCK. Teaching without the use of technology is as important as teaching with technology and demonstrates pedagogical reasoning.
	Expected Observations
I would expect pupils to be more confident in providing definitions and explanations based on the previous lesson when questioned.

	Observations / Reflection
Learners were able to provide definitions of key terminology and clearly had retained knowledge gathered in previous lesson.

	Activity – YouTube video
Learners will watch a YouTube video entitled ‘How Do Vector Graphics Work?’ (Techquickie, 2016).

	Purpose of Activity
The YouTube video explains some of the main differences between bitmap and vector images. It provides a good recap of bitmap images and new information relating to vector images to the learners.
Krauskopf (Krauskopf, Zahn and Hesse, 2012) states that when leveraged with appropriate learning goals and tasks, digital video technologies can be utilised as cognitive tools for learning.
YouTube was not a readily available tool during many teacher’s learning and training but AACTE propose that successful teachers “must be prepared to rethink, unlearn and relearn, change, revise and adapt” (AACTE, 2008, p.225) to ensure that their teaching and the learning of their students is enhanced by technology even if their own learning didn’t include such experiences (Schmidt and Gurbo, 2008). 

	Expected Observations
I expect the learners to be engaged and attentive to the video. It is short and informal but very informative.


	Observations / Reflection
Learners enjoyed the video and were attentive throughout. When questioned at the end learners seemed to have a good understanding of where a vector may be appropriate. 

	Activity – JPG to SVG / What are Vectors? (PPT Slide)
Using an online tool learners will convert a bitmap image to a vector.

	Purpose of Activity
This activity addresses the common question “Why aren’t all images vectors?”. Learners will convert a realistic photo to vector and see first-hand how they differ and why the need for bitmaps and vectors exist.

	Expected Observations
I expect this activity to help solidify in the learner’s minds the differences and the intended functions of bitmaps and vectors.

I expect learners to have varying degrees of success and be able to recognise why some images convert from bitmap to vector more successfully.


	Observations / Reflection
Learners converted several bitmaps to vectors. It was quickly noted that photos no longer looked realistic when converted to vectors.
Learners recognised that simple images (logos, icons, simple cartoons) are more suitable as vectors than realistic photos. 

	Activity – Posttest

	Purpose of Activity
The posttest will gather scores for each learner that will be compared to their pretest baseline scores.
	Expected Observations
I expect learners to be more confident taking the posttest than they did the pretest. I predict that their increased knowledge and confidence will result in higher average scores.

	Observations / Reflection
Learners were more confident when taking the posttest and made no exclamations about any of the terminology included. There was an occasional sigh or huff which I interpreted as frustration possibly as a result of learner’s answering a question incorrectly.
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Findings
Both the pre and posttest consisted of 13 multiple choice questions. Participants were not able to leave questions unanswered, subsequently 100% of questions were attempted in both tests. Seven participants completed both the pre and posttest.
[bookmark: _Toc7965570]Pretest
As mentioned briefly above, I had anticipated participants would find the content of the pretest more difficult than their average scores would suggest. Out of 91 questions, the class answered 67 correctly resulting in a class average score of 74%. Only two pupils scored below the class average. One pupil answered all questions correctly.
	Participant
	Score (%)

	Pupil A
	100

	Pupil B
	85

	Pupil C
	77

	Pupil D
	77

	Pupil E
	77

	Pupil F
	54

	Pupil G
	46

	Class Average
	74


Table 1: Pretest scores (%) table.
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Figure 3: Pretest scores (%) chart.
Questions 1-6
Questions 1-6 of the pretest saw pupils presented with an image and they had to determine if it was a bitmap or vector. Out of 42 the class answered these questions correctly 32 times – an average accuracy of 76%. 

Question 7-13
The remaining questions (7-13) were longer and consisted of more technical detail and were answered with a class accuracy of 71%. Pupils had most difficulty with Q7 which read “Which image type is best used for simple shapes or unrealistic images?”. Three pupils answered this question correctly and four answered this question incorrectly (43% accuracy).

Following analysis of the pretest results my initial findings are that pupils seem to have a better baseline knowledge than I had anticipated, particularly with regards to distinguishing between bitmaps and vectors. My analysis of the available pretest data informed my teaching, for example when pupils were asked to create a PowerPoint slide about vector images, I placed emphasis on noting how their vector images were made of simple shapes, colours and were not photo realistic images.
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Posttest
Following the sequence of lessons that were designed and delivered all pupils (excluding Pupil A who was unable to improve his pretest score) recorded an improved score in the posttest. The class average score grew from 74% in the pretest to 88% in the posttest. On average, the six learners who were able to improve upon their pretest score did so by 17 percentage points. Pupil E improved their score from 77% to 100%. Pupil G, who although was the lowest scorer on both tests saw a considerable increase of 23 percentage points achieving a 69% accuracy in his posttest.

[image: ]
Figure 4: Posttest scores (%) chart.
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	Participant
	Score (%)

	Pupil A
	100

	Pupil B
	92

	Pupil C
	85

	Pupil D
	85

	Pupil E
	100

	Pupil F
	85

	Pupil G
	69

	Class Average
	88


Table 2: Posttest scores (%) table.

Questions 1-6
Analysis of the pretest scores found that as a class questions 1-6 were answered with an accuracy of 76%. The posttest scores indicate the class answered 40 of 42 correctly – an accuracy of 95% and an increase of 19 percentage points. Pupil D answered Q6 incorrectly in the posttest but had answered it correctly in the pretest. My observation notes recorded that a participant sighed loudly during the posttest indicating some frustration, it is possible, but not clear, that Pupil D may have accidently selected the wrong answer.

Questions 7-13
In the pretest pupils answered questions 7-13 with an accuracy of 71%. Of this group of questions, Q7 was a particular difficulty with pupils scoring 43%. In the posttest the class answered 40 of 49 questions correctly – an accuracy of 82%, an increase of 39 percentage points. Six pupils answered Q7 correctly as opposed to only one in the pretest.

Although the performance of all pupils increased on average, it was notable that Q11 scored significantly lower in the posttest than the pretest. Q11 reads “Which image type is often a very large file size?” which was answered correctly by five participants in the pretest but only two in the posttest. As pupil score was lower following intervention, I must deduce that my own teaching has led to a negative impact on the learner’s understand in this specific area. I will endeavour to evaluate my teaching and resources to identify what may have caused this misunderstanding.

[image: ]Figure 5: Pretest Vs Posttest comparison chart.
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The history of ICT and Computer Science in the education system has been lavished with turmoil, uncertainty and an everchanging landscape. Computer Science, originally known as Computer Studies and present in many UK schools during the 1980s (Rushkoff and Purvis, 2011)(Doyle, 1988) faded into insignificance during the 1990s and 2000s to be swallowed, or more accurately replaced, by ICT (Brown et al., 2013a). With the ICT curriculum focusing on the use of computers rather than the actual study of computers the inevitable outcome was that the education system was producing consumers of technology rather than creators. The curriculum was at a point of crisis when in 2012 then Education Secretary Michael Gove claimed pupils were being taught by “bored out of their mind being taught by bored teachers” (Gove, 2012). To add further insult to injury, not only were pupils being taught by insufficiently motivated teachers a large proportion were being taught by non-specialists with only 35% of the 18,400 ICT teachers in England possessing a suitable qualification (The Royal Society, 2012). Of course, the lack of a suitable qualification does not necessarily make a bad teacher nor does it equate to a bad teaching experience, but research finds that when staff lack confidence in their own technological capability they are less likely to utilise such tools in their teaching (Howard, 2013). The outcome of a boring curriculum with too much flexibility led by uninspired teachers has resulted in many learners not learning any programming or Computer Science skills (Ofsted, 2011)(The Royal Society, 2012) or even understanding what Computer Science as a subject actually is (Wolf, 2011). Gove (Gove, 2012) introduced drastic overhaul of the English curriculum in 2012 declaring that ICT would be diminished in favour of a Computer Science curriculum that more suitably prepared learners for the modern world. The Welsh Government followed in a similar narrative when the ICT Steering Group (Welsh Government, 2013) proposed a disaggregation of ICT into three main areas: Computer Science, Information Technology and Digital Literacy.
My readings of the available literature have led me to conclude that the historical state of ICT and Computer Science in the UK education system has been undeniably dismal. However, my readings of academic and professional literature along with my personal experience have also led me to conclude that the future is set to be far brighter. Learners have not been provided with a complete learning experience with regards to Computer Science the result of which is being seen in secondary schools where pupils arrive with incredibly varied levels of technical ability, gaps in their subject knowledge and misconceptions of the subject itself.
My recommendations based on my readings and the research I have undertaken is that the pupil learning experience can be enhanced by a TPCK focus in lessons. TPCK is a unique synthesis of technological, content and pedagogical knowledge that belongs to technically proficient teachers (Mishra and Koehler, 2006). It is not simply forcing technology into lessons but utilising available technological tools to enhance the learning experience regardless of whether such tools influenced the teacher’s own personal experience in school or training (Schmidt and Gurbo, 2008). On such a small scale it is difficult to ascertain whether my TPCK focus on lesson design was the sole factor in pupil progression but what can be inferred from the research is that the learning of the participants was not diminished. In fact, as outlined earlier, all participants made a positive improvement on their test score following the TPCK intervention. As a class, the pretest average score was 74% and the posttest score was 88% with the three lowest scoring participants in the pretest all improving their score by over 20 percentages points in the posttest.
With regards the research that has taken place I am pleased that my findings were positive and that participants received a positive TPCK learning experience. However, although the findings of this research were positive, they alone cannot be deemed sufficient evidence to assume TPCK would be as successful on a larger scale or in other circumstances. My experience has led me to be confident that utilising a TPCK approach in my own teaching will lead to positive and enhanced learning experiences for those that I teach in the future.
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