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Introduction
The curriculum in Wales is currently under going significant change after the Donaldson review in 2015. The recommendations imposed by Donaldson which have all been agreed by the Welsh Government (2016) suggest the idea of learners being in education not only to gain qualification for one area but to become more well-rounded individuals. This further shifting from traditional subject, which are prioritised to six areas of learning that are equal with the further emphasis on Literacy, Numeracy and Digital Competence amongst the six areas. Thus, now ICT being a cross curricular focus there is an emphasis on Computer Science which is taking a more prominent role in the Science and Technology Area of Learning (Donaldson, 2015). This allowing to upskill the next generation to develop a more prosperous future for Wales. However, within most schools across the country a new Computer Science subject will be taught by teachers who are specialist in ICT or teachers of non-technology-based subjects. This causing fear by some schools that the best possible education for their learners will be hindered due to the lack of subject knowledge, pedagogical subject knowledge and pupil ability in delivering an effective Computer Science curriculum (Sentance & Csizmadia, 2017). The school whereby this study will take place has introduced Computer Science into the key stage three curriculum after ICT being taught across the curriculum in previous years. Furthermore, Barnes & Kennewel (2017) also suggests that the lower specialism of an ICT teacher restricts the teaching of ICT capability as there is a greater focus on a tool-based approach. This restricting progression creating “ICT users instead of ICT producers” (etal). Thus, signifying that the lack of specialist Computer Science teachers due to the new curriculum there may be an increase focus on a tool-based perspective rather than teaching programming conceptual understanding. 
The school participating in the study has a mixed population of 1,648 11- 18-year olds with 21.8% free school meals. The school is focused on supporting all learners to achieve their full potential: by improving the quality of teaching and learning; developing their key skills through broad and balanced curriculum. The focus of this study is to identify whether mini-languages increase learners conceptual understanding or limit their understanding to a software. The key questions in which this study will investigate are as followed; Can mini-languages support teaching and learning of programming capability? Is the constructivist perspective effective in teaching programming capability? These questions should identify the most appropriate pedagogical strategy in which teaching programming to learners with the support that mini-languages give when delivering the lesson content.
[bookmark: _Toc515296875][bookmark: _Toc515296940][bookmark: _Toc515296954][bookmark: _Toc515297205]Literature Review 
Mini-languages are very interactive allowing the user the opportunity to control characters to perform small actions within a designed micro-world. Using a graphical programming environment will allow the learners to design and create their own games and projects in relatable context (Brusilovsky, et al., 1997; Miller, et al., 1994; Cetin, 2013). Eison & Bonwell (1991) and Holland-Minkley & Samuel (2010) advised that before programming could be introduced to children it needed to be redesigned to appeal to the younger generation. The new software being informative but interactive allowing learners to progress further through engagement. Barnes & Kennewell (2017) supports the awareness of subject matter being addressed more effectively if the learner can relate to lesson content. They further develop their ideas by suggesting pedagogical content knowledge is more important than subject knowledge, as a deeper learning will take place if the lesson activities are designed to appeal to the learner and build on their previously developed knowledge. It can be argued that the software can lead to learners not being able to transform understanding into different contexts (Armoni, et al., 2015).   Armoni, et al., (2015) advocated that Scratch is symbolic with no real representation of programming, it allows learners no real access to programming concepts but encourage poor practise and having no real future benefit. Milne & Rowe, (2002) and  Pillay & Jugoo (2005) further mentions that it restricts learners by only addressing concepts used in a context. These concepts such as inbound loops, syntax errors along with errors are not addressed by the semantics of mini-languages. 

Likewise, Mini-languages allow learners to engage with concepts at an early age to build their skills to allow a deeper understanding through continuous development of their education. Mini-languages are used to support learners as they begin their journey through learning programming. As they become more confident with using the software the scaffolding is removed to make them more independent (Armoni, et al., 2015).   Bruner (1960) and ideas of scaffolding are explained using the spiral curriculum, whereby learners understand concepts more effectively by repeating the process through a simplified version before engaging with the ideas in a more complex way. This relates to teaching programming concepts to learners through the use of mini-languages provides a foundation understanding that they can further build on throughout their education (Armoni, et al., 2015). Using Mini-languages such as Scratch or MicroBit without the underlying conceptual understanding can limit pupil’s ability to transform skills and knowledge to other (etal). It is suggested that the educator emphasises the different terms to allow learners to identify these. Without this, learners are not prepared to identify the similarities in the use of more difficult programming languages such as Java, Python etc to benefit them in their future careers (etal). 

Mini-languages allow learners to develop confidence through programming without being restricted by syntax; these allowing learners to develop the underlying conceptual skills in algorithmic thinking and abstract reasoning more effectively without being too concerned with errors stopping the programme from running (Damla & Cagiltay, 2018; Robins, et al., 2010). Thus, allowing teachers more time devoted to aiding the lower attaining learners or challenging learners rather than addressing any syntax errors. Sentance & Csizmadia (2017) identified that lack of skill learners has with reading and mathematics further decreased their ability to learn programming concepts and engage effectively with more complex procedural languages. Dweck & Leggett, (1988) ideas of growth mindset prosed that in the beginning stages of development allowing learners to understand how a programme runs and to get a programme up and running will develop an open mind as even the smallest set back can sometimes deter learners from progressing. This benefitting future careers in programming as learners who intend on completing programming at degree level are more likely to drop out because of their fixed mindset toward programming (Cutts, et al., 2010) . However, Maldenovic, et al., (2017) argues that programming beginners are linked with only learning a semantics and syntax for individual statements, then when moving to more complex programming languages they have lack understanding of adapting their prior knowledge gained through mini-languages to constructing text-based commands.

Throughout the learning process teachers have the responsibility in creating a successful learning environment and the education within this environment is down to the learner (Black, et al., 2003). This suggesting that learners should become more independent in leading their own learning with teachers as more of a facilitator by designing activities that best suites the needs of the class (etal). Mini-languages facilitate in teaching programming through game-based learning and discovery (Butler & Ahmed, 2016). The simplistic nature of moving blocks and constructing programmes allows them to experiment with real life situations and provide different solution to understand key ideas (Erol & Kurt, 2017)Thus the most popular learning strategy to support this is constructivism. This allows learners to actively develop understanding through experience as each learner constructs knowledge in their own way through experimentation and learning occurring indirectly (Harel & Papert, 1991; Kafai, 2006; Mishra & Girod, 2006). 

Papert (1991) reinforced the ideas of constructivism through his notion of constructionism whereby teaching programming with a software called Logo. He suggests that conversations and ‘making things’ further enhanced learning and the construction of knowledge This differs slightly from Piaget’s view as he focuses on intelligence being sensitive to the adapting environment (Ackermann, 2001). Using the correct vocabulary is essential when thinking and communicating ideas in a class discussion or ensuring learners are learning more than just how to use the software. Vygotsky(1978) theory of socio-constructivism relies heavily on the understanding that learning is developed by the more knowledgeable other, this may include peers or teacher.  Thus, stressing the importance of communication in developing the deeper understanding of the learners, this ensures that knowledge can transform into different contexts and not relying solely on mini-languages to develop skills. On the other hand, according to Harasim (2012) the most effective way of teaching programming is a combination of three pedagogical approaches: objectivism, cognitivism and constructivist. Objectivism focuses on the transmit of knowledge in the most efficient and effective way by using real life experiences to encourage problem based and playful learning which is grounded through interaction (etal). Cognitivism identifies how the human memory stores and processes information in the most efficient way and constructivism again is learning through experience. His views combine the ideas of different theorists to create the most successful learning environment for his class (Cutts, et al., 2010; Harasim, 2012).

Damla & Cagiltay (2018) implied in their study that using constructivist perspective alone was not effective because when learners were expected to look through examples and design programs some struggled to transform their ideas into creating and designing their own programmes. This suggests that mini-languages alone are not enough to teach programming in a way that removes the tool-based approach.  Also, that there is still problems with learners not being able to understand issues with loops, conditionals, arrays and recursion. He suggested the most effective approach would be to combine a constructivist perspective but to also introduce concepts through lesson taught content. Meyer & Land (2012) uses their ideas of threshold concepts to identify how a wider notion is related to not only to the way in which it is understood with regards to the subject but how it is used within daily activities without them know. This will allow a transformed understanding of the subject to allow a more effective approach to adapting their understanding of a subject to situation outside of the classroom. Thus, suggesting that teachers should not rely heavily on these mini-languages to aid in the delivery of programming concepts, but use other methods of teaching such as unplugged activities identified by (Bell, et al., 2009)

Following on from this, mini-languages are used to aid learners in building their computational thinking skills, which is an essential component as a cross curricula aspect of the new Donaldson framework; to develop the learners abstraction and algorithmic thinking through solving problems by trial and error (Donaldson, 2015). Furthermore, Wing, (2006) suggests that computational thinking is essential not just within the Computer Science curriculum but to understand the way the world works. Aiding in the understanding and developing of a solution to everyday problems using the fundamental of Computer Science concepts (etal). Thus, signifying that the role of computational thinking should be embedded throughout the curriculum. The Welsh Government (2016) supports this theory with the introduction of the Digital Competence Framework, which requires learners to develop their digital skills including data and computational thinking, therefore expressing the importance of developing these skills in the future generation of Wales (Welsh Government, 2016). On the other hand, it is argued by Erol & Kurt (2017) that even though these mini-language further develop learners computational thinking, some languages restrict the access to programming concepts like arrays, objects, concurrency and events. In Computer Science lessons there should be a greater focus on these programming concepts instead of just computational thinking because of the cross curricular focus. Armoni, et al., (2015) states learners struggle with concepts like variable when transforming their understanding to more procedural languages. This due to the variables needing to be declared, different types of variables being used and defining variables. This then limiting the understanding of learners and only understanding within the context of the mini-languages. Therefore Brusilovsky, et al., (1997) suggests that when developing programs, they must have real world situations to encourage learning. Without a purpose learners have no real education effect, thus suggesting that if learners see that these mini-languages are not the same as those that are used in the real world it may have a negative impact on motivation.  

Erol & Kurt, (2017) signifies that using Mini-languages supports pre-service ICT teacher in delivering the new computer science curriculum. This is because Mini-languages permits pre-service information technology teachers to teach programming through their own motivation and achievement in learning the language. Due to the simplistic nature of Scratch non-specialists can teach basic programming concepts to prepare for advanced languages (Sentance & Csizmadia, 2017). One issue with mini-languages is the lack of study into the appropriate language to use and relies heavily on the experience of the teacher and institution. This is can further be developed by Allsopp & Ejsing-Duun (2016) as they suggest that different mini-languages address different concepts. The teacher should identify the requirements of learners before choosing the appropriate software to teach because these requirements should depend on the age, background and interests of students. Software can range from Scratch software which addresses fundamentals or MicroBit block editing or Lego Mindstorms which develops programming capability through the use of physical hardware. Milne & Rowe (2002) explains that when considering a programming language, the institution must consider the literacy and numeracy skills of learners as well as their level of ability. Their study suggested that even though gender or mother tongue did not have a direct effect on teaching programming to learners, their ability to read and their maths ability performed poorly with regards to teaching and learning programming concepts (etal). Nevertheless, Allsopp & Ejsing-Duun (2016) argues that there is lack of clarity creates problems in choosing the appropriate software due to the constant advancements within different types of mini-languages to choose from. 

When using mini-languages the main form of assessment is formative, this strays away from the normal ideas of assessment that currently run through the curriculum. This focus is on learners passing exam which can demotivate them and limits their overall learning (Crooks, 1988). Formative assessment allows the learner to be assessed more frequently with feedback from teachers which is focused on specific learning targets (Black & Wiliam, 2001; Black, et al., 2003). Formative assessment allows pupils to be more involved in managing their own learning more effectively (etal). Additionally, using formative assessment during mini-language activities allows teachers to constantly monitor levels of attainment and adjust teaching to promote learning and understanding (Stiggins, 2006). The use of assessment for learning can fully support this as teachers and learners can obtain immediate feedback to check understanding throughout key points of the lesson (Barnes & Kennewell, 2017). This is also addressed by Hattie, (2012) notion of invisible learning as this allows teachers to evaluate the understanding and effectiveness of teaching and adjust strategies accordingly. Thus, identifying if learners are progression at what level they are currently reaching and to ensure the lesson is being delivered to fully meet the needs of the learners.  Black, et al., (2003) states that it is responsibility of both the teacher and the learner to contribute to the learning process; learners bring metacognition, motivational interest and self-assessment and teachers design activities to structure learning, sharing success criteria, classroom questioning, peer and self-assessment, and formative use of summative tests. Popham, (2006) and Shepard (2008) argues that formative assessment should not be used at all unless the way in which the lessons are taught can be adapted to meet the needs of the individuals, without this, the use of formative assessment has no purpose or impact. Equally, summative tests and assessments have a common factor in the culture of assessing education. Prensky (2015) argued that it is very hard to establish an adequate method to assess learners understanding through mini-languages. He suggested that the aspects that should be considered the usability, playability and the pedagogical components, these include: learning profile, context and representational model. 

[bookmark: _Toc515296876][bookmark: _Toc515296941][bookmark: _Toc515296955][bookmark: _Toc515297206]School Policy and Practise
The sample school has no school or department policy identify the appropriate way to teach learners. However, it does endeavour to ensure that learners have the best possible education. The scheme of work and practises of teachers mainly focus on learners exploring the software to build and develop games and projects to gain programming understanding. Learners have access to a series of activity which require them to work independently with the teacher’s role as more of a facilitator than reinforcing programming ideas. Papert, (1991) views on this pedagogical strategy explains that learners build artefacts, to demonstrate their understanding by actively learning from their experiences that will allow learners to reach their full potential. Then again, one aspect of this study will investigate how addressing the concepts as a class through the use of Vygotsky’s notion of socio-constructivism can support a deeper conceptual understanding before demonstrating their understanding through their projects and games (Vygotsky, 1978). This straying away from the traditional norms identified by school practise. This will enable the identification of the best possible outcome for pupils to progress in the computer science subject (etal). Whether, it is through working independently or completing mini-activities and in a classroom discussion. 

[bookmark: _Toc515296877][bookmark: _Toc515296942][bookmark: _Toc515296956][bookmark: _Toc515297207]Research Methodology and Ethical Implications
The structure of the classes within the school are banded based on pupil ability in English, Maths and Science. Thus, my study is based on two classes that are very similar with only a slight difference in terms of results to ensure the effects on my findings will be limited. My study class consist on 27 learners whereby are 13 girls and 14 boys. The class also has 4 pupils who are entitled to free school meals and the class has no additional learning needs.  The method by which this investigation will take place will consist of a baseline test at the beginning of the study. This is due to learners already using Scratch software through an experimental basis. I will then conduct the research over a matter of four lessons whereby my study group will engage with mini activities to address different programming concepts. They will then use the Scratch software to demonstrate their understanding by creating games and projects. The learners will then complete a ‘One Two Review Review’ activity where they will reflect on what they have learnt throughout the lesson. 
My focus class will consist of 27 pupils whereby 15 are girls and 12 are boys. There are 2 people in the class who are entitled to free school meals and no pupils have any additional learning needs Learners will complete the scheme of work already created by the department whereby they use the starter activity to explain code they engaged with in a previous lesson. They then complete an independent project whereby they engage with different programming concepts using the Scratch software. Learners will then also complete the ‘One Two Review Review’ activity to identify the level of conceptual understanding learners gained during the independent task. The main ethical implication of my study is that the learners in both classes are accessing content in a unique way, thus the standard of learning may be implicated. Yet, the following scheme of work also includes the teaching of conceptual understanding of programming languages which then can be adapted based on the findings of this research study. 
Arguris (1983) and Hendricks (2009) model allows an organisation to become self-directed learners, whereby the researchers are actively involved in discovering innovative approaches in which the organisation can change to become more effective rather than observers of the outcome that are prevalent in traditional research methods. In teaching, this is a cyclical event whereby the organisations: identify their current situation; plan and deliver an intervention; review their findings and to reform future practise (Dick, 2007; Schoen, 2007). This is agreed by Dewey (1993) who suggests that a progressive education should come hand in hand with teachers reflecting on their practise to improve their teaching. The idea being action and reflection allows a recursive ongoing process by which teacher are able to identify strengths and weaknesses in their teaching and adapt their practise to further support the progression of learners in their classes (Furtado & Anderson, 2012; Dewey, 1993; Freire, 1970; Ermeling, 2010). This still can be argued by Tripp (1992) who suggests that the role of the researcher and the role of the teacher should be separate because the research then has a more specialised inquiry using scientific methods. This approach is used to produce a conclusion by controlling many aspects of the environment and limiting the amount variables (Hammersley, 2002). However, in education this is something that is difficult especially in day to day teaching because of the environment in which the research is set. Thus, identifying action research as the most appropriate form of research in education. 
The transmission of this research study will use both quantitative and qualitive research methods. This utilising formal observations by additional party, evaluations of the research conducted and quantitative tests to check learners understanding and identify the most effective strategy to teach conceptual understanding. According to Bloom (1953) and Creswell (2009) using a combination of research methods allowing a greater understanding of the implications of the intervention. This suggesting that there will be more opportunity to assess the results presented to determine a strong and supported conclusion. This is further supported by Teddlie & Tashakkori (2009) who suggested that there are three paradigms; positivist (quantitative) and constructivist (qualitive), these two paradigms together create the third which is pragmatist paradigm which acknowledges the benefits of the two paradigms to ensure the maximum outcome of the research study. On the other hand, Teddlie & Tashakkori (2009) also argue that there are some challenges facing mixed methods because of the lack of clarity of what this paradigm consists of. There is still very limited research in what defines the third paradigm of research.  
Marshall & Rossman (1999) advocates that observations are an opportunity to gather data personally reducing the selectivity, memory limitations and stereotyping that is linked with researching through interviewing learners. This may limit the amount of bias in the study as the observer can experience the reactions of the participants in the natural setting of the classroom with the observer constructing a judgment on what they see. Moreover, the use of observation is further supported by Burns (2000) as the participants cannot deceive the researcher of the accounted events. Thus, ensuring the consistency of the results with the opinion of the researching determining the definition of certain outcomes. However, Creswell (2009) argues that the validity of the study can be compromised due to the behaviour of learners because of the changes in the environment such as another member of staff observing within the field setting or the use of video equipment to observe reactions. Thus, also contributing to an ethical dilemma whereby learner’s behaviour could change due to ‘informed consent’ required. This may not be an issue within the sample school as it is very proactive with regards to research-based enquiry, thus the learning environment is familiar to the learners. 
Pre and post testing are the other method which will play a role in this study. The quantitative data can enable the researcher to identify the level of conceptual understanding learners have prior to the intervention and after it has taken place. Shepard (2008) mentions that identifying the level of understanding before the lesson takes place and the level of understanding they have gained after that lesson will identify the misconceptions that learners may have about the lesson content. Bernauer (1998) and Beckman (2008) suggests that pre-testing allows teacher to develop critical learning goals whereby lessons are tailored to the areas in which learners need to improve their understanding. However, it can be argued that before and after testing is only really used for understanding the impact of short term interventions but over longer periods of time there is a threat to the validity of the results (Frankham & Smears, 2012). This also suggesting there this is a limit to how much depth there is within the study and can be more effective more larger and shorter studies looking for cause and effect. 

Furthermore, there are ethical implications associated with this research study. Informed consent was gained from learners through the use of a consent form with parental consent already obtained through the school policy and procedure ( (THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EUROPEAN UNION, , 2014). The ethical implications of using pre and post testing are to ensure the results of the study are anonymous and confidential especially with regards to the compliance with the data protection act. Thus, the storage and transfer of data will be on a cloud-based storage facility that is password protected and encrypted. Also, due to the learners having a right to withdraw at any time, each pupil will be given a unique number to identify themselves, with myself having a separate copy with the names and unique numbers of learners stored in a password protected and encrypted USB memory stick (UK Governement, 2018). In addition, the reflection on the outcome of the assessment activities with relate to the learners work but also focusing on the exclusion of the subject’s personal information. 

This study uses the analysis of teaching and learning in activity setting (ATLAS) reflection model to identify the level of progression the learners have achieved throughout the process of the study. This reflecting on both teachers and learners working towards the same goal (Kennewell, 2005). This using affordances and constraints to identify the link between student knowledge and the support given to aid in the developing understanding linking to the different pedagogies used. This supported by Dewey (1993) ideas of reflective learning and continuous professional development, whereby teachers are constantly reflecting on previous lessons and then improving their practise to ensure learners progression is at the forth front of their planning.
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The study began with learners completing a baseline assessment to identify the level of conceptual understanding they have before the lesson begins. Learners have already begun using the mini-language software Scratch for 6 previous lesson but have been using a constructivist approach with the activities. This focusing on lesson by lesson set activities which the learners used different blocks to create mini-games and projects. The test consisted of 10 questions showing both blocks of code that represent different coding procedures and programming concepts without any relation to the code that is being used (Appendix 1). The outcome of the test displayed the results which are in appendices. The study group’s results consisted of a mean average of 32% within this baseline test, whereas the focus group had 36%. The focus group are of a higher banding than that of the study group. However, the gap within the learner’s ability is not something that will cause any bias. From the baseline assessment both the study group and the focus group, the findings identified that most pupils were able to identify and describe some of the concepts relating to the code. Pupil’s struggled to identify the concept of variable in the pre-test. A reason why this result is present is because pupils have only had a limited amount of time to engage with the term variable. Also, the conceptual questions of the test (questions 6-10) seemed to have lower results than the first 5 questions. These are the conceptual questions that will be addressed by the intervention. Further adding to this the results may present some bias as learners are able to guess the correct answer but this does not truly reflect on their understanding. 
 
The structure of the lesson for the study was the same throughout the four lessons. Learners engaged in activities that were designed without using the context of computer science. After completing the starter activity, learners engaged in a discussion whereby the teacher demonstrated the different concept through ‘unplugged’ kinaesthetic activities (Armoni, et al., 2015; Bell, et al., 2009). Learners then completed an exercise using the Mini-language Scratch to demonstrate the use of the concept in programming. This activity is the same as that of the focus group thus allowing the identification of the support mini-languages can give when teaching computer science.  Finally, to understand the level of conceptual understanding learners had gained they completed a ‘One, Two, Review Review’ assessment strategy. 

Using the lesson structure identified, the first concept debugging was addressed. The observations from this lesson suggested that all learners engaged well with the kinetic activities and were able to feedback in some form how debugging is used not in the context of computer science. This activity used their numeracy skills to identify errors in the calculations and correct them with the use of their peers as support. Learners were able to relate to the concept more effectively because the context the lesson was delivered with an activity that they have completed in their everyday school life. This is fully supported by Armoni, et al. (2015) and Bell, et al. (2009) who suggests that ‘unplugged’ kinaesthetic activities whereby learners need to work with their peers to access lesson content can progress and allow for a deeper understanding.  

Learners engaged in a discussion to reflect on the activity that they completed and further deepen their knowledge and understanding. They all engaged well as most were eager to provide answers to questions. Vygotsky perspective on socio constructivism, whereby learning is more effective through discourse to aid and support learners through the zone of proximal development. This is shown when addressing the term debugging through questioning (Vygotsky, 1978). By communicating with the most knowledgeable other which can be teacher or their peers, can sometimes be more effective because the language in which learners use (etal). On the other hand, it can be argued that learners learn more effectively by using Bruner (1960) ideas of a spiral curriculum through which concepts are addressed in their simplest form with a greater amount of support then taking away the scaffolding measures to discover the concept in a more complex way. 

Nevertheless, the learners conceptual shift was identified during the ‘One Two Review, Review’ aspect of the lesson. This activity used their individual thought, paired work but with the assistance of myself in the ‘Review’ components. Most learners made comments such as “Today I learnt to identify and fix errors in my fish game” or “I was able to fix my fish game” and not relate their understanding to a concept that was not related to their game creation or project.  Conversely, learners were able to identify and reflect themselves on why they did not think of including an understanding without relating it to computer science. Learners included statements such as “I did not know/think this because I was learning it in c.services” or “I did not think to include an example that was not relating computers” or “I did not think this because I didn’t think it was the right answer”. This suggest that learners lack the skills to transform their understanding and use it within a different context, they believe that lesson content is only related to a specific subject matter rather than something that can be adapted to solve a problem or given situation. Meyer & Land (2012) of transformational learning provides the opportunity to adapt the way they perceive the world to allow learners to use their knowledge and apply it to any situation. This is reinforced by Wing (2006) who suggests that computational thinking can be used in relation to all subjects and the way in which we see and understand the wider world. Thus, suggesting that relating the concept debugging to an issue most learners have come across in maths, they were able to begin using their understanding outside the subject of computer science, thus allowing a deeper and more effective understanding of how ideas can be adapted to meet different scenarios. 

At this stage the focus group and the study group are working at a different level of understanding. As discussed above the study group understood the conceptual shift at the Review aspect of the discussion. However, the focus group produced results such as “During this lesson I made my fish move” or “I made fish disappear when the shark ate them”. These comments were consistent for most learners with a select few stating “I used the hide function” or “I fixed my code to make their fish move”. This showing that the use of mini-languages is unable to provide the conceptual understanding to aid in demonstrating terminology such as debugging. This is supported by (Armoni, et al., 2015; Milne & Rowe, 2002) who states that mini-language Scratch only supports some programming concepts. Thus, selecting programming languages and the concepts used to support these finding is a task created for those with experience in teaching computer science (etal). However, it is argued that this conceptual understanding will be more effective once learners understand the ideas of how to sequence code correctly and understanding the flow of instructions (Allsopp & Ejsing-Duun, 2016). 

The second lesson in the sequence was developing learners conceptual understanding of the term variable. Following the same lesson structures learners identified the concept abstractly first using their ideas of gaming to engage learners in the lesson activities. This is supported by Shulman (1986) as he suggests that learners can progress in their lesson more proficiently if, the lesson content is related to the learners understanding in the most effective way. Thus, if the teacher can relate a concept to learners in a way that appeals to them they are more likely to identify this in another situation. Therefore, Allsopp & Ejsing-Duun (2016) suggest that the best way to construct knowledge is through using different strategies such as relating content to encourage problem based and playful learning, grounding experience through interaction and identifying the best way for the human memory to store and process information. However, Papert (1991) and Piaget (2007) both worked closely together when creating the software language logo. This is very similar to the games based mini-language Scratch. These mini-languages allow learners to actively engage with programming concepts. They believe learners acquire knowledge through experience, thus learners are actively involved in their own learning to by using theoretical concepts of variables to create different components of the game (etal). 

Despite this, after using the plenary activity ‘One Two Review Review’ I was able to identify that learners related their response more to the discussion that was present before using the software. The responses included “A variable is the Score in a game” or “The variable is a timer that counts down in the game”. However, there was a greater amount of responses including “A variable is something that is stored in the computer but can be changed” and after the pair discussion learners added examples that they used throughout the lesson such as “how many times the ball is thrown in the air” or “how many balls are in the box”. Also a few included examples such as “the amount of money I have” or “how heavy my school bag is”. With the review component of the lesson with myself removing some of the support structure and become more of a facilitator in the discussion. The third and fourth lesson develops the conceptual understanding of loops and if statements. The findings were very similar to that of developing the concept of a variable. There has been a shift in perspective and learners now associated the ‘One. Two’ with displaying the conceptual understanding and “Review, Review” provides the learners the opportunity to develop arguments, allow for deeper reasoning in their decisions and the use of examples. This follows the ideas of Piaget (2007) to deepen their understanding of how to construct knowledge and understanding that can be adapted to any situation.  This signifying how Bruner (1960) spiral curriculum whereby scaffolding is reduced to allow learners to become more independent within achieve the learning outcomes. Learners were able to use Dewey (1993) ideas of reflective learning and metacognition to identify what they have learnt throughout the lesson and build upon those answers through pair and class discussion. Learners were able to discuss what they have learnt effectively through questioning to identify areas in which they have felt they progressed more. This is supported by Black, et al., (2003) ideas of assessment for learning whereby learners should be assessed formatively to identify the level of understanding in which learners have gained throughout the lesson.

The focus group seemed to engage more effectively with the concept of a variable using mini-languages of Scratch. Learners constructed answers including “A variable is used to create a score” or “A variable is used in a game as a timer”. When moving onto the paired activity learners then composed response of “A variable changes in a game when the score goes up” or “A variable is something that changes like a timer”. This outcome identifies that mini-languages such as Scratch can support with regards to some concepts. (Allsopp & Ejsing-Duun, 2016; Butler & Ahmed, 2016) argues that visual element of Scratch allows learners to understand the concept especially as learners can create and use a variable by which it can show how it can change throughout the game. This is also supported by (Shulman, 1986) who explain that identifying the most effective way for learners to progress through a lesson is by finding the best feasible way to relate lesson content to learners to ensure engagement. However, it is also argued that learners are not developing the deeper understanding that is necessary to relate the concept of a variable not just outside the subject but in different situations within computer science whereby a variable is necessary (Barnes & Kennewell, 2017). 

After the four lessons learners in both the study and the focus group completed a post-test to identify the level of conceptual understanding gained throughout the study. It was identified that the focus group results have an increase of 12% in results from the pre-test which presented at 36%. The study group on the hand increased results by 44% with the mean average of the post-test being 76%. The results showing that pupils in the focus group did not fully understand concepts such as loops, if statements or debugging as the results of these did not increase with the same effect of the study group. This further agreeing that learners felt learning through examples and exploring of software did not enable them to create programs more effectively and able to transform their understanding to use other more complex programming languages (Armoni, et al., 2015). 

[bookmark: _Toc515296879][bookmark: _Toc515296944][bookmark: _Toc515296958][bookmark: _Toc515297209]Conclusions
The research question suggests that the constructivist view of learning through experience using the views of Papert (1991) and Piaget (2007) views whereby the teacher plays the role of the facilitator and with planning and constructing lessons to allow learners to explore the software to develop their own knowledge and understanding. Papert (1991) takes Piaget (2007) view on constructivism and relates it to the technological age, he wanted to remove the understanding of ‘got it’ and ‘got it wrong’ perspective on education (Ackermann, 2001). He suggested that learners should learn programming by constructing solutions to problems and allow the opportunity to provide more than one solution to a situation (Papert, 1991). The findings identified that teaching learners the conceptual understanding through the use of a more structured kinaesthetic activities and using discourse can further improve learners’ progression within the subject of computer science. This is supported fully by Bell, et al.(2009) who explains in his research that unplugged kinaesthetic activities whereby learners actively engaged in learning which is unrelated to a computer but by using demonstrations, puzzles and games to further enhance progression. This is further supported by Vygotsky theory of socio-constructivism whereby learners engage in discourse to further deepen their knowledge and understanding (Vygotsky, 1978). Thus, using the more knowledgeable other to scaffold and support learners in the journey of constructing knowledge. Nonetheless, this study is only on a very small scale which focused on the impact of conceptual understanding over one scheme of work.

Additionally, the finding also suggests that mini -languages can support teacher providing the opportunity for pupils to relate to some programming concepts. The focus group was able to use the mini-language alone to understand the role of the variable in the program. Also, learners in the study group used mini-languages to support and demonstrate how to use different programming concepts effectively when designing and writing a program. Allsopp & Ejsing-Duun (2016),  Butler & Ahmed (2016) and Brusilovsky, et al., (1997) suggests that the interactive nature of mini-languages allows users to actively construct knowledge by controlling actors and creating a graphical micro-world whereby programming can be more relatable to learners. This is supported by Shulman (1986) who argues that pedagogical content knowledge is essential to enhance the opportunity for learners to remember and recall the knowledge they have gained and adapt it to meet the situation. On the other hand, Barnes & Kennewell (2017) suggests that teacher who are non-specialists teachers use a more of a tool-based approach to teaching and learning thus using mini-languages alone may result in learners developing a skill for one mini-language and not being able to understand how to use these ideas with a different software. 

Nevertheless, the study identified that for learners to progress more effectively in understanding their programming capability there needs to be other elements to the lesson to support the learning of programming concepts. This is supported by Maldenovic, et al., (2017) states that mini-languages do not teach the relevant understanding that will allow the learners to use these conditions in the future. Concepts such as arrays, lists etc cannot be fully understood because the capacity of the mini language does not allow it.  Furthermore, due to the removal of syntax errors learners develop a perceived idea that they are very good programmers but struggle with issues with syntax.  However, these mini-languages are very good in supporting learners with weaknesses in literacy and numeracy, allowing them to complete activities and run programmes without the restrictions of syntax errors to demotivate them when learning programming (Vivian, et al., 2014). This then is supported Dewey (1993) ideas of growth mindset, allowing all learners to continue working with a game and persevere to believe they can do it because they are not limited to their baseline skills needing to be improved. 

[bookmark: _Toc515296880][bookmark: _Toc515296945][bookmark: _Toc515296959][bookmark: _Toc515297210]Future Implications and Limitations
Future investigations should focus on identify how this conceptual understanding impacts on the teaching and learning of more complex programming languages at GCSE or/and A-level understanding. Robins, et al., (2010) completed a study at university level which produced a very similar outcomes. However, there is a limited amount of research to understanding the long-term effects of using mini-languages to support teaching and learning. Also, using a different mini-language after the investigation to recognize the level of transformative understanding gained by learners throughout a future study. Armoni, et al., (2015) States that different mini-languages teach different conceptual understanding, Thus, a study focusing on the impacts of using a variety of mini-languages to support teaching and learning will allow a greater understanding of the importance of using these ‘unplugged’ activities to identify whether or not a concept are being addressed appropriately (Bell, et al., 2009).  This will allow an understanding to develop whether teaching these concepts can support future learning and development but on a much shorter time scale. 

Finally, investigations in the future should consider using more formative use on summative tests alongside the other quantitive and qualitive methods to reduce the amount of time taken when reflecting on or observing a study. Black & Wiliam, (2001) suggests that making formative use of summative tests can identify whether learning is occurring during the lesson. Also, it allows the teacher the ability to reflect on the lesson after the fact and adapt it to ensure learners progress more effectively in their next lesson (Dewey, 1993). Online quiz tools have been a better option to engage learners in reflecting about the concepts gained throughout the lesson as this is more fun and interactive to gauge their understanding (Black & Wiliam, 2001; Dewey, 1993). Also, the results are available for the teacher to access and identify areas in which the lesson needs to be adapted to improve pupil progress. This method of data collection also relies on very little input from the teacher making the results more reliable. 

A limitation within this study was sample size, this sample focuses on one school with a sample of two classes within the school. Thus, the outcomes of the study may not be relevant in a different school environment. Within the sample school working independently and interdependently is something that has strong presence within the school along with a further emphasis on growth mindset. Dweck & Leggett (1988) ideas on growth mindset suggest that the level of progression through learning comes from this perceived idea of how learners feel and understand with regards to a challenge that has been set. There may be limitations in this study with regards to fixed mindset which may not be addressed because the sample was limited to one school (Miller, et al., 1994). 

Within the study, both the study and the focus groups were banded depending on their current attainment. Even though there are some levels of differentiation present in these classes, there is a greater amount of differentiation necessary within mixed ability classes which were not tested during this study. The outcome of the study may to differ because of the level of progression by learners, this may be identified more effectively over a longer period of time. Bruner (1960) ideas of scaffolding to support learning through a spiral curriculum suggests that it may be more effective to increase the amount of time of a study, this identify the level of understanding learners will gain through the process of removing support and allowing learners to construct knowledge more independently. Furthermore, learner’s behaviour can also impact the level of understanding they have gained during lessons. Thus, due to the nature of these learners in these classes progression may have been more prominent because of the positive behaviour (Blazar & Kraft, 2017). However, with a class that has behaviour management issues the results may differ greatly. 

Time management is a big issue with regards to this study, due to the added interventions to the study lesson the restriction on the amount of time learners had to complete an activity may have greatly affected the results and outcomes. Learners who were in the study group may have felt rushed to complete the ‘One Two Review Review’ because of the limited time that was given to them to engage with the activity and really think and reflect on what they had learnt during the lesson. Dewey, (1993) ideas of reflection on learning and the development of metacognition suggests that learners must use this time to identify where they felt their knowledge developed and reflect on the learning that look place in the lesson. This supported by Black & Wiliam (2001) who suggest that learners should have thinking time before completing an activity or answering questions to ensure that they fully understand and are engaged with the question. 
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Appendix 1 – Quantitive Test
1. [image: Image result for When green flag is clicked]What does this piece of code do? 
a. Begins the code
b. Makes the code go on and on
c. Allows something to change within the code
d. [image: ]To help the computer decide
2. Fix the error in this code? 
a. The code says when the up arrow is pressed move left by -5
b. The code says when the right arrow is pressed move left by -5
c. The code says when the left arrow is pressed move left by -5
d. The code says when the down arrow is pressed move left by -5 
3. [image: Image result for Score variable scratch]What is this piece of code doing? 
a. If the sprite is toughing another sprite change the score by 1
b. If the sprite is toughing another sprite change the score by - 1
c. Countdown from 30 to 0 
d. Countdown up 0 to 30
4. What does the forever block do in this code? 
a. [image: ]Throughout the whole game the user can use the arrow keys to move the sprite up and down. 
b. Throughout the whole game the user can use the arrow keys to move the sprite left and right. 
c. Ten times during the whole game the user can use the arrow keys to move the sprite. 
d. The user can use the arrow keys to move the sprite. 
5. [image: ]How does this piece of code use an IF statement? 
a. If the right arrow key is pressed move right, if the left arrow key move left. 
b. If the right arrow key is pressed move left, if the left arrow key move right
c. Allows the computer to make a decision depending on the arrow key pressed. 
d. Arrow key move the code
6. What is an event? 
a. An action that occurs because of the user or another source. 
b. Something that happens in the code
c. A party
d. When the green flag is clicked
7. What is the meant by the term debugging? 
a. Spotting errors and fixing them
b. Something that can be stored but can be changed
c. A decision made by the computer
d. Something that continuously happens throughout the programme
8. What is meant by the term variable? 
a. Spotting errors and fixing them
b. Something that can be stored but can be changed
c. A decision made by the computer
d. Something that continuously happens throughout the programme
9. What is a loop? 
a. Spotting errors and fixing them
b. Something that can be stored but can be changed
c. A decision made by the computer
d. Something that continuously happens throughout the programme
10. What was an if statement used for? 
a. Spotting errors and fixing them
b. Something that can be stored but can be changed
c. A decision made by the computer
d. Something that continuously happens throughout the programme
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