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[bookmark: _Toc513928765]Introduction
The school where the research will be taken place is a pioneer school, which works as part of a team including the Welsh Government, to progress curriculum and professional learning.  The school itself is an all boys school between the ages of 11 and 16.  Between the ages of 16 and 18 it is mixed sex.  The school has around 800 pupils on the roll, with 22% of them eligible for free school meals which is higher than the national average of 17%.  The number of free school meals are high because 36.1% of pupils live in the 20% most deprived areas in Wales (Esytn, 2018).
The research question is about the effects of fertile questioning in conjunction with lesson planning and problem-based learning.  It is the problem-based learning that is of most interest, however, planning is key to teaching so any improve in that area would be a bonus.  From my own experience, in further and higher education, there is a focus on students learning with the application of real world problems; I aim to take that focus with me into the classroom.
[bookmark: _Toc513928766]Literature Review
Assessment is a part of teaching and can be describes as all activities of teachers and students that provide information that can be used as feedback the student, improving teaching and learning (Black & William, 1998). Capel, et al. (2013) expound on this and include that it measures the effectiveness of teaching through what the pupils learn.  There are different types of assessment and a multitude of strategies to implement them, however, only a few will be reviewed in this report.  The two main types of assessment are summative and formative.  Before reviewing these two terms, the purpose of assessment needs to be understood.

Godbout & Richard (2000) states the purpose of assessment is to promote learning.  They explore how assessment could promote learning through feedback to both the learner and the teacher; it provides a continuous loop of diagnosis and monitoring of learning.  Black & William (1998) tells the importance of teachers knowing the progression and difficulties of their learners, this happens through assessment, and that it should be used to adapt the teacher’s work so that the learners’ needs are met.  These two explanations of the purpose of assessment are general but come from a focus of formative assessment, as that is where the article is focused.  Baumann, et al. (1997) describes different purposes of assessment depending upon the types of assessment; for diagnostic assessment, the purpose is to know what a learner can and cannot do and the learner’s misconceptions, for formative assessment, the purpose is to decide what to do next, to find out the best action for the learner or whole class to carry out next.  For summative assessment, the purpose is to measure attainment so that the learner’s achievement and progress can be summed up.  Now, a more in depth investigation of summative assessment will occur.

Summative assessment, as the purpose suggests and Dillon & Maguire (2007) highlights, come at the end or in key points of the learning period or topic.  They explain that it is a snapshot of where the learner is, at the time of the assessment and often happens when there is a transition either between schools or teachers.   They continue to state that summative assessment requires less detailed data than formative assessment.  That often grades are used for summative assessment and that there is some debate as to whether this is enough data for various selection processes, including university placements.  They also discuss the limitations of summative assessment, in that it is not exact and different assessment tools have different accuracy levels that are also affected by the questions and markers and also by the time and contexts of the school.  The summative assessment can also be affected by the conditions on the day it is taken and the grade boundaries.  However, formative assessment uses different strategies so does not have these limitations.

Formative assessment, as described by Willis (2007), aims to inform and improve the learning during the regular flow of teaching and learning.  It provides evidence from the learners, so that teachers can decide where the learners are with their learning, where the learners need to go next and beyond, and most importantly, how best to get to that next learning experience.  Donaldson (2015) defines it as a way of informing the next steps in teaching and learning, through identification of the progression of learning against what was intended.  Willis (2007) weaves in a thread about learners becoming active in their learning as formative assessment promotes independence in the learners, develops the identities of capable learners and deepens learners’ understanding of their own cognitive processes.  Donaldson (2015) expounds further, by suggesting that effective formative assessment may be able to double the rate of learning.  He describes assessment as an approach that provides teachers with the discernment of how effective the learning is, and from that discernment providing feedback that is regular and meaningful as well as adapting their teaching and materials so that individual needs are met.  Linking these together then, the doubling occurs depending upon how regular and meaningful, including relevant and proportionate, the feedback is.

Black & William (1998) discuss how formative assessment can be enhanced through self and peer assessment, that this link between formative assessment and self and peer assessment is inevitable.  They explain that learners can only assess themselves when they have a sufficiently clear picture of the learning objectives and that this knowledge is developed through peer-assessment.  They state that self-assessment is an essential component of formative assessment because of the three elements of feedback. These include; a recognition of the desired objective, evidence of where they are currently, and some understanding of how to close the gap between the objective and where they are currently.  Having touched upon formative assessment, it cannot be fully understood without a more in-depth evaluation of feedback.
 
Trauth-Nare & Buck (2011) also describe how feedback should direct learners towards the objectives, however, they state some other benefits of feedback; getting the learner back on track if they have been misguided, restating the learning objectives for confused learners, focusing learners when they are not able to process all the information or instructions they have been provided with, and exploring the thinking of learners so that it can be deepened.  Black & William (1998) relate a study where low achieving learners and those with learning difficulties were supported by frequent assessment feedback.  This shows that feedback is important and can quicken the rate of learning no matter the ability of the learner.  Black, et al. (2004) provide direct instructions on feedback, saying that providing the learner with a numerical score or grade has a negative effect if used alongside comments as learners focus on the score or grade rather than on the feedback.  They recommend not providing the score or grade so that learners will engage in feedback and improve their work.

Previously, feedback has only focused on the task, however Hattie (2012) illuminates other levels for feedback, including the process, conditional and self levels.  Hattie states that the task level is the foundation upon which the process and conditional levels can be effectively built and is information focused and builds surface knowledge.  The process level of feedback is focused on how the task will be completed.  It provides alternative methods to complete the task, which might better suit the learner, scaffold the development of different learning strategies, and enhance the understanding of relationships between ideas.  The conditional level, or self-regulation level, is concerned with the learners’ perception of their own learning processes.  It can provide increased confidence to continue engagement with the task, deepen the learners’ skills in self-evaluation, and allow the learner to be readier to seek and accept feedback.  The self level is based upon praise.  Hattie says that it can be used for comfort or support and that learners both welcome and expect it but that it should be separate from feedback as it can dilute the effects of feedback, decreasing engagement and effort.  He is careful, however, to explain that there is a difference between not providing praise and being horrible to learners, expounding that learners need to feel that they are welcome in the classroom and that their learning is important.  The first three levels of feedback can be attached to any piece of work.

Lau (2018) states that for a summative assessment, at the end of a period of learning or topic, the learners should review their assessment so that misconception and misunderstandings can be corrected.  The learner could reflect on their learning and understanding based upon their misconceptions and misunderstandings, before they start correcting their work.  The reflection would be scaffolded by resources and activities as well as feedback from the summative assessment.  Lamb (2016) adds that this reflection should occur often so that learners are effective at it.  One type of resource for this reflection could be a model answer. 

Modelling is where a task, activity or process is deconstructed then reconstructed.  This process of reconstructing the task, activity or process is so that learners can understand it, which needs to be intertwined with explanations and questions (Lau, 2018).  Capel, et al. (2013) share that explanations to learners are often reinforced with a visual prompt, demonstration or model, and that they should be combined with questions.  They further the idea of modelling by explaining that it allows the teacher to think aloud, verbalizing their skills, decisions, processes and procedures that would otherwise not be known to the learner.  With modelling the teacher can also show the learner any problems that might arise as well as how to avoid them.  Along with avoiding problems, the teacher can show alternative methods to accomplish the same process or how to correct a mistake.  While showing different processes, the hazards for each process should be shown to the learners as a warning so that they can avoid them or minimize their effects with a work around or solution.  Capel, et al. (2013) conclude that using both verbal and visual explanations increase the effectiveness compared to just verbal, especially when the learners’ linguistic abilities are low.  Verbal and visual explanations link new learning with old through questions, activities and resources.  Good questions are as important as a good explanation.

Questions are important as they are a form of dialogue between the teacher and the learner.  Through the responses to questions, learners can express their understanding and from that teachers know if they need to respond to or reorient pupils’ thinking.  Trauth-Nare & Buck (2011) state that learners need ongoing encouragement to share what they are thinking; this would imply that teachers need to ask lots of questions.  Black, et al. (2004) discuss that many teachers do not plan dialogue in the classroom that would help the learners deepen their understanding.  They share how many teachers wait less than one second for a response and if a response does not happen, either ask another question or answer the question themselves.  They explain the consequence of this, that the only questions that can be answered without thought will be answered; questions that allow for the recall of facts.  Hattie (2012) also noticed that many teachers ask questions to just give the teacher the facts and allows little waiting time for the learner to think about their ideas and form a response.  Hattie furthers this by discussing that the more able learners have more time to think and respond than the less able however, it is the less able that require the additional time.  Hattie also shares that teachers choose students who know the answers so that the flow of the lesson can be maintained.

Capel, et al (2013) state that effective questions in lessons needs to be planned with a level of flexibility so that the questions can be adapted according to development of the lesson.  Considerations while planning questions include the type of question along with how, when and to whom the question will be asked; expected answers need to be considered including how the teacher will respond to the answers whether it be correct or incorrect, and how much of a waiting time there will be.  These considerations will be founded upon why the question will be asked.  Dillon & Maguire (2007) discuss how questions can be directed to individual learners or to the whole class and the purposes of open and closed questions.  Open questions provide learners with greater opportunities for creative expression involving a structured response and should be used when there is a range of possible solutions.  Closed questions allow for a narrower response so they can be used to recall specific knowledge, either to bring it to the focus or reaffirm that the learner already knows it.  Planning open and closed questions requires the use of the correct wording.

Lau (2018) shares that the choice of questions needs to be carefully considered and that Bloom’s Taxonomy could be used as a basis for structuring and creating questions that allow for more higher-order thinking.  Capel, et al. (2013) state the six levels of Bloom’s Taxonomy are arranged by complexity and abstraction.  The lower level questions are like closed questions, only requiring a narrow response, where the higher level questions are the open questions with a wider, more creative, response.  The six levels of Bloom’s Taxonomy are knowledge, comprehension, application, analysis, synthesis and evaluation.  Analysis, synthesis and evaluation are defined by Bloom as higher order questions, so these will be reviewed in greater depth.  Capel, et al. (2013) state that analysis questions help learners use the process of enquiry to study what they know and then reassemble it.  Synthesis questions help learners combine and select their most suitable knowledge to respond to an unfamiliar situation.  Evaluation questions help learners compare and contrast knowledge developed from different activities so that they can construct and reflect upon their own opinions. 
 
Ritchhart, et al. (2011) argue against Bloom’s hierarchy of thinking as problematic because one type of learning does not out rank another type of learning; learning happens when different types of thinking are constantly switched between.  Ritchhart, et al. (2011) continues this argument with people, such as Anderson and Krathwohl, who have revised Bloom’s Taxonomy but keep the sequencing of thinking.  They argue that the levels should be regarding the quality or depth of thinking not the type of thinking, the quality of thinking can range from a superficial level to a very high and detailed level. No matter how they are organized, these thinking skills are important to develop.

Lipman (2003) states that developing thinking skills is not an exclusive activity of classroom dialogue but can also happen when a learner reads and writes.  With any of these activities, there needs to be a way to transform this impulse to read, write or talk into cognitive skill so that talking turns into conversation, discussion and dialogue.  This transformation can only happen when learners listen to each other as well as respond effectively, which can only happen when learners follow the various lines of reasoning within the discussion.  While following the lines of reasoning, the learner also needs to compare the assumptions, think about the evidence, test for consistency and comprehensiveness, so that they can think independently and develop their own assumptions about the topic of discussion.  Ritchhart, et al. (2011) discuss various classroom practices that involve understanding. They argue that understanding is an outcome or goal of thinking and that irrespective of what structure the lesson takes, developing understanding and learning from thinking happens by chance;  teachers prepare lots of activities or tell learners what is important to know or do and allow learners to practice a skill or develop their knowledge but with all these there is very little thinking happening. Ritchhart, et al. (2011) have found six activities that help learners think so that understanding is developed.  These activities are observing closely and describing the object or event, explaining and interpreting, using evidence to reason, making connections between knowledge, pondering different points of view or perspectives, and forming conclusions and understanding the core of the idea.

[bookmark: _Toc513928767]School Policy and Practice

The school policy for assessment also covers recording and reporting so there are some elements within it that are out of the scope of this research, however, the school aims and principles for these areas will be mentioned to place the relevant elements into context.  The school will use assessment, recording and reporting so that they can plan more effectively, measure progress in pupils and for pupils and parents/carers to be aware of progression, collect information to inform standards of achievement, set realistic targets for pupils, teachers, departments, year groups and the whole school, provide helpful feedback to learners on achievements and areas of achievement, and maintain equal opportunities within the school.  The principles that are at the foundation of the policy for good assessment practice, are having clear curriculum intentions, integration in all classroom activities, achievement in context, allowing learners to reflect and review, using evidence from a wide range of sources, keeping records of assessment, identifying strengths and weaknesses, informing learning progression and targets, and understanding current learner progression and how future progression can be made.

The policy defines assessment as the judgement teachers make about learners’ attainment from the use of the following means; observation, listening, questioning in the classroom and through marking pupil’s written work.  It then describes how the school would like teachers to use assessment.  It describes making the learning objectives and learning outcomes clear to all learners in every lesson and relating them to a long-term context, using questioning to increase understanding in learners, and provide appropriate verbal and written feedback so that learners can progress.  The policy also provides guidance to teachers for assessment, within the guidance it highlights the importance of allowing thinking time for learners before answering questions, allowing learners to demonstrate understanding using various methods, and that learning objectives should relate to skills, understanding and knowledge.

From observations and mentoring it has been noticed that generally the teacher follows the policy. Teachers at the school are very good at stating objectives or learning outcomes, using questioning, providing feedback either verbal or written, and allowing learners time to think about the answer to a question.  The recent Esytn (2018) report, states that the teachers were able to question well, give diagnostic written feedback and helpful constructive verbal feedback.  However, stating objectives or earning outcomes and allowing time to think are not described in the Estyn report.

[bookmark: _Toc513928768]Methodology and Ethics

For research as a teacher, there are three different methods of accomplish the research, these are action research, lesson study and action learning triad (requires reference).  A lesson study is generally a long-term research method and requires teachers to work collaboratively to plan, research and study their teaching practice.  With this in mind, it is not a suitable method for this research.  Action learning triad is where three or more experienced teachers support each other to improve through a process of learning and guided reflection; being a student teacher and this being an individual research project, this method is also not suitable.

Action research can be carried out by either an individual or a group to improve their teaching practice.  Lesha (2014) describes this as a spiral process, where there continued improvement through identifying problems, taking action, and then gathering results about actions.  It uses the premise that issues are best identified with improvements researched in the classrooms and schools, which is where the issue occur.  Corey (1953) states that action research is there to improve the practice of the individual research as it allows for a direct study of the consequences.  He describes a slightly different process to Lesha, which is to define the problem, create and write a hypothesis using research from literature or other teachers, develop a test for hypothesis which can gather ethical results, and then use the results which will be used cautiously and tentatively to form a conclusion.  He further describes that the research should be completed with the normal school activities so that it is realistic.  Action research has the benefit of being able to be completed by a single teacher, however, considering that there is limited direct help and advice during the research from more experienced teachers.  There would be no formal meetings to discuss ideas or results so finding would be limited to one researcher’s thoughts and any reading that they accomplish.

With considering these findings, my research was carried out as action research.  The problem for the action research was not so much a classroom problem, it was more of a ‘what type of teacher do I want to be?' and ‘what can I do to become that type of teacher?’  The answers to these questions are mainly based upon my experience of education, which is largely from further and higher education.  They are, a teacher who uses real life problems and experience for learners to solve and explore.  These problems and experiences were created and evaluated using fertile questions.

Harpaz (2005) describes a fertile question as a pedagogical model where the centre of the teaching and learning is to answer a question.  With this the focus is not on the correct answer but on the question itself.  Harpaz (2005) states that fertile questions can be described using six characteristics. These include an open question, which does not have a predefined answer; an undermining question, which undermines the basic assumptions and fixed beliefs of the learners; a rich question, which requires careful and lengthy research in order to answer; a connected question, which  is relevant to the life of the learner either through society, discipline, or subject; a charged question, which has a strong emotional and ethical angle to it that will motivate learning and inquiry; and a practical question, which can be developed into a research question where the learners are able to gather the information required to answer it. Lau (2018) states that when a question meets all six characteristics of a fertile question, it is very potent as a question. However, actually developing a question which meets all six characteristics of a fertile question is quite difficult.

The fertile question chosen to help with the research was “How can I improve a Scratch game?”.  This question is open because it can have more than one possible answer, connected as almost all the learners play computer games (mostly Fortnite) and enjoy playing games, and practical because they could investigate code not taught to improve the game. 

The depth of understanding developed through the fertile question, was recorded using individual questions after the learners had been able to apply the fertile question.  These individual questions were used as scaffolding to the pupils, to encourage them to write more than they would otherwise.  Another element of scaffolding that was used was a reminder of the keywords and expectations, although going so far as a model answer was considered too much as it was not for an examination and the learners may copy it directly, not demonstrating their own understanding.

[bookmark: _GoBack]All learners had the same game to start with because of their ability, so they could be challenged straightaway.  The game was created using the Scratch website and the learner accessed it using a class setup on it, they then remixed the game so that they could edit their own version of the game.  The game was a race game, where a user had to race against the computer, however, the game required improvement as in its current state, it wasn’t a fair race. Learners were provided with feedback about their implementation of the fertile question immediately while they were improving the game.  Feedback from the written work was given ready for the next lesson if it was not given during the lesson itself, whilst the learners were working on the answers.

[bookmark: _Toc513928769]Evaluation

The research was accomplished over four lessons, with the first two lessons providing some fundamental knowledge for the learners, who then had another two lessons to answer and explore the fertile question.  The first lesson introduced the Scratch interface to the learners as some had not used it before.  However, the second task was about graphical changes to the program which although did support the lesson objectives, did not support my concept behind the fertile question.  The fertile question did allow for improvement with the graphics of the game and although the learners were continually steered away from this type of improvement, it still happened.  The third task did support the fertile question; however, it was very much information sharing about computer events and loops, did not engage the learners, deepen their understanding of the concepts taught or even provide evidence of what they had learnt.  This was a failure of the resource, which did not engage with the learner throughout the resource with tasks to complete; it just had one task at the end which was very open and simple to complete.  There was no way for the learners to show evidence of this task being complete, so feedback related to it was difficult in a class of over 30. With the first lesson plenary, which could have both deepened and checked learning, the class did not end up doing it because there was not enough time.  This resulted in a limited understanding from the learners of events and loops.

The first lesson approach was fair.  The starter and third activities supported the fertile question, however, the second activity did not and should have been different, and the resource for the third activity should have involved tasks and questions to deepen the learners’ understanding.  The plenary failed because it did not happen; if it had happened, it might have engaged some learners, deepening their understanding of the concepts of the lesson or demonstrated the requirement to review the concepts again before moving on. 

The second lesson taught programming conditions.  The lesson started with a discussion on conditions, then the learners had a handout to read and questions to answers about conditions.  This task did support the fertile question and was more engaging than the third task in the first lesson.  It also provided evidence of learning; once that task was complete the learners could start improving their game and implement the fertile question.  The concepts to improve the game were discussed with the learners but were given more than directed to them.  The plenary encouraged the learners to begin thinking about their game and how they could improve it, however, it only did that to a few of the learners and they were not able to write down any of the ideas discussed so that they could remember for next lesson.  The plenary also showed that there were some learners who struggled connecting what they had learnt about events, loops and conditions with the task of improving the game.

The approach in the second lesson was good, with all tasks supporting the fertile question and leading towards the knowledge and understanding, or even working on improving the game.  However, the discussion of conditions for the starter was limited as the explanations and questions were not planned.  The worksheet was far better than the one for the first lesson as it included tasks and questions however, the questions only engaged with the superficial knowledge of conditions; they did not delve deeper, accessing some of the higher order thinking skills of analysis, synthesis and evaluation.  The plenary was a good activity in theory, however, with the size of the class there was a requirement to complete it in small groups so that there could be a higher quality of engagement with the learners.  Most learners were interested in the plenary activity, but they did not have the opportunity to join the discussion because there were so many learners.

To help make the connection between the concepts and applying them, the first task of lesson number three was a code breaker.  When the learners decoded the message, it was a definition of each of the concepts, events, loops and conditions.  These concepts were then discussed with the learners to deepen their understanding of them.  The resource for this was good; the learners required little instruction to complete as it was self-explanatory.  After the fertile question of improving the game was discussed, to refocus them on what was expected, the learners continued their work.  The plenary was changed at the end of the lesson from a think, pair, share to a model of a possible improvement because although understanding had been deepened of the programming concepts, the learners were still struggling with them.
 
This lesson was very much a practical lesson, allowing the learners to apply what they had learnt previously and progress with answering the fertile question.  The starter was there to remind the learners of the concepts learnt previously and it did deepen their understanding as they had to reason whether the statement was correct and find of how it applied to Scratch programming.  The change of plenary to a model program limited the exploration of the fertile question, as the thinking of the learner was not engaged and it was very much instructional.  Upon reflection, the think, pair share would have been of greater benefit to the learners as it would not have limited their thinking, therefore they could have discussed various ideas with each other and deepened their understanding.  This change most likely occurred because of not knowing the understanding developed by the learners in previous lessons; there was no formative assessment that would capture the information with the lessons.

The last lesson for this topic started with watching a video, however sound was a problem so it became a discuss which was of poor quality as the learners were eagerly anticipating a video, so the engagement in the discussion was very limited.  After, the learners continued improving their games and then answering the questions to guage their understanding of the programming concepts.  Before they answered the questions, the learners were reminded of the keywords and the expectations for the answers, including taking screenshots.  In order to increase the likelihood of this being carried out, a reminder was displayed to the learners using a projector while they answered the questions.

The final lesson, like the third lesson, was a practical one, with most of the time focusing on either completing the improvements to the game or answering the questions to determine the depth of understanding.  Before the learners started with these tasks they should have watched a video.  However, it was the first time of watching a video in this particular classroom and there were no speakers connected to the computer and the internal speakers were only good enough for a person sitting at the computer.  The activity was changed to a discussion, but it did not engage the learners as much as the video.  The same video was shown in a later lesson to another class, who did engage with it and the video did create a dynamic discussion about gaming.  The video could have been shown earlier in the sequence of lessons, however, it would have been a very engaging starter if the sound had been louder.

Improving the game using scratch did have its problems with the learners because there were times when the learners would come off task to play other games on the scratch website.  This required constant monitoring and reminding them to stay on task.  However, this work was easier than setting up the options for programming that were relevant for the learners’ abilities.  The other options would be either a downloadable version of scratch offline (version 1.4 or 2), which requires Adobe Air, or Kodu.  All would require installing on the computers which would have reduced time for other activities.  Since completing this topic, a new version of a remote monitoring of computers has been installed which would have allowed for easier monitoring, sending messages to keep the learners on task and controlling computers to close off task games.

Throughout the lessons, verbal formative feedback was provided to learners, however, it was mostly focused on the task, reminding the learners what they should be doing.  There were a few occasions where feedback was focused on the process so that learners could complete an element to improve their game.  This did happen at a class level when an improvement to the game was modelled using the projector.  There was no conditional feedback that would have helped learners understand their own perception of the learning, the think, pair, share may have helped with this form of feedback, but as already stated it was changed.  There was praise given to learners, but it was rare because a single expected outcome with the game conflicted the openness of the fertile question.  It was most commonly used with a half-hearted “that is good, now how can you improve the code?” after a learner had improved the visuals of the game.

Before the learners answered the questions to explore their depth of understanding the questions were reviewed detailing what was expected to be found in each answer.  The expectation stated, focused on the use of keywords with the sequence of lessons; these were events, loops and conditions.  The use of screenshots was also explained so that they would show evidence of the improvements.  This method may have worked with a more mature group of learners, however, this group required a model answer as well.  The model answer would have shown them exactly the level of detail required and how to use the keywords as well as more specific terminology that they had learnt; like the exact names of the events, loops and conditions (i.e. When key is pressed, repeat, and if, then, else) as well as Scratch specific terms of Sprite and Stage, when referring to visual improvements of the game.  

The improved game and the written answers about improving the game could have been used as a summative assessment, however, it was used for formative assessment with the desire to deepen the learners’ understanding of programming concepts.  The formative assessment strategy planned for peer assessment was a think, pair, share, however, as previously noted, this was changed to modelling a possible game improvement, so that form of assessment and opportunity to deepen understanding was missed and could have influenced the written answers at the end of the topic.    

Self-assessment was completed after the game was improved and required a reflective element upon the game.  It was accomplished through questions which the learner had to write an answer to.  Upon reflection, these questions were limiting in the scope and as a result, did not fully engage learners to assess their understanding of the programming concepts.  However, the approach of written questions was correct; it was the actual questions that required improvement.  The questions did not use any of Bloom’s taxonomy action verbs, which would have provided better instructions to the learners with what they should do to answer the questions and could have resulted in more detailed answers and therefore deeper learning.

This assessment was scaffolded with instruction about keywords and evidencing using screenshots.  The result of this scaffolding was poor, with only half of the learning using screenshots and a quarter using keywords taught and highlighted with the scaffolding, a few did use Scratch terminology that was not a part of the highlighted keyword list. 

[bookmark: _Toc513928770]Conclusions	

The analysis of the answers from the questions does not show any deep understanding of the concepts taught in the topic, however that could be because of several different reasons.  The most obvious reason is the teacher’s ability, which could have been improved if the literature reviews were thoroughly completed before the research started so that the teacher knew in greater depth, all the strategies to put into place to deepen the understanding of the learners.  This research identifies the importance of literature to improve teaching and the need to obtain a library of books to reference for teaching practice not just subject content.  The other strategies will be discussed below.

The need to focus the tasks onto the lesson objectives and the lesson objectives onto fertile question, or even to focus the task directly to the fertile question if that is relevant.  The teacher also needed to be more specific with the fertile question so that expectations are clearly stated within the fertile questions, and also have no specific expectation of outcome so that praise can be genuine and sincere.  This clear direction of how the smaller activities need to support the larger goals within the topic must be constantly at the forefront of lesson planning.  Another important element of lesson planning is that of preparing resources, which although they improve through the topic, need to be engaging with task and questions.  There needs to be a filter effect with the questions, so that learners are required to deepen their thinking, as well as ponder about analysis, synthesis and evaluation; not just check knowledge, comprehension, application.

Better planning of questions is required, not just the first question but also with follow up questions, which deepen understanding.  For each concept, there could be six planned questions; one for each of Bloom’s levels of thinking.  However, extreme that may appear at first, a question for each level should be considered in order to help form a rounded understanding of the learners; even if they are not all used, they need to be ready depending upon the learners’ response to the questions that are asked.  Here, preparation is key as it reduces the teacher’s thinking time, allowing learners to be constantly engaged thus preventing low level disruption.

Another strategy that would improve with planning would be feedback.  When planning, the teacher could consider possible problems the learners would encounter and questions to ask to help the learners find a solution or a way to explain them, so the learners understand the concepts required to find their own solution.  These questions and explanations would be focused on feedback on the task, process and conditions, as they are most relevant to improve learning.  These questions should also use Bloom’s taxonomy action verbs like the questions used throughout the other activities of the lesson.

The best scaffolding of work requires consideration when planning.  There are various methods for scaffolding including guidance with the use of keywords and model answers, as well as sentence starters, cooperative working, and visual aids.  Each one has their own benefits and drawbacks and need to be considered when deciding upon which scaffolding strategy is required for the activity considering the expectations and the ability level of the learners.  Scaffolding should not be used with the fear that it will limit the learners understanding, it is there to support learning and then to gradually be removed as their understanding develops; so, when planning a lesson, the consideration should be with closing the gap. Questions should be asked, like; where is their understanding? Where should it be? And what strategy can be used to allow the learner to achieve the understanding that they should have?

Plenaries, used as formative assessment at the end of a lesson, are very important to deepen understanding.  Within this research they were not used to much of an effect.  They were planned, however, they were then missed because of a lack of time or changed for a different activity because of an immediate need, which upon reflection would have been better served by the originally planned plenary; more confidence is required in the original plan.  When planning plenaries, there needs to be a consideration to engage with all learners so that they all have their understanding checked.  Another consideration with the plenary is to be able to provide instant verbal feedback and to use questions to deepen the learners understanding, forcing them to consider the deeper concepts and connections within the lesson objectives.

Some other formative assessment strategies not used to their most efficient are self-assessment and peer assessment.  There were opportunities planned for each, even if the self-assessment was the final piece of work for the sequence of lessons and the peer assessment, think, pair, share was changed.  The self-assessment, although it happened and the learners were provided with feedback on it, they did not have time to action any points from it to consolidate this deeper understanding again through doing the self-assessment.  The peer assessment should have happened because it is useful tool for learning and through peer assessment, each learner would be given meaningful feedback to help them without the teacher’s workload increasing.  

From this research, the impact of it has become known and the need for constant improvement as a teacher, so the need for constant research into different practices and strategies of teaching.  The teaching profession is always trying to have a greater impact on the learners and in order to not be left behind there is a requirement for continuous development; especially since it has now become a teaching standard to have continuous professional development.  Being a teacher researcher and being aware of the latest strategies for teachers is one way of doing this.  These actions need to become a habit, so should be done regularly, either once a term or once a half term.  Although they may not be executed to the same depth of writing as this research, there should be the same depth of literature review, research, analysis and conclusions.

[bookmark: _Toc513928771]Limitations and future development 

As previously stated, the major limitation was the teacher’s ability during this research.  The ability has improved with skills to implement the strategies discussed within this research and if it was carried out again now, it is possible that different results would have been provided.  Also, when considering this, the results were poor for this class on this topic of Scratch programming; if a different class or different topic was used, the result could also have turned out differently.  Does that mean problem-based learning does not produce deeper learning?  In this case it did not, however it will still be used in teaching along with fertile questioning but only when the sequence of lessons fits it; as more experience is gained it may actually fit more often.

Another consideration for the limitation of this action research is the it only involved one class of 31 learners and was only implemented over four lessons.  If the research involved more classes then a more definite conclusion might have been achieved and / or the research was carried out for multiple sequences of lessons.  Either of these would have produced more data, which would have been analysed and resulted in a firmer conclusion, however, with the research involving people no completely firm conclusions can be formed.

The strategies that would require further development, which are indicated from the reflection of the research are, in short, all of them.  Having said that, strategies like planning questions, focusing the tasks on the objectives and including tasks and questions within resources have already seen much improvement.  The next strategies to be implemented  would be those that naturally continue from these strategies; possible planning feedback explanations and questions so that all levels of feedback occur to develop understanding in the learner, more considerate scaffolding that meet the needs of the learners so that the gap can be closed, and planning plenaries that involve all learners and then having the confidence to implement them.  Another strategy that could be implemented is self-assessments and peer assessments.  They would require careful planning within the sequence of work so that they support the progress and the learners have time to implement the feedback provided to them.

There are five weeks left on the course and four different approaches to start implementing, which leaves a nice fit of implementing one per week with one week each for self-assessment and peer assessment.  However, the self-assessments and peer assessments need to fit into a sequence of lessons, so they may need to be implemented before the last two weeks of the course. They could be implemented at the same time, as another approach, especially as there is a half term allowing for additional reading before implementing the approach.  Further reading for each would be required, to deepen understanding of the various implementations of each approach.  Books like Paul Ginnis’ The Teacher’s Toolkit, William Lau’s Teaching Computing in Secondary Schools and Doug Lemov’s Teach Like a Champion: Field Guide, have lots of different strategies that can be implemented these approaches.  Strategies learnt from books will be supported by theories along with strategies learned from reading the latest academic articles.

Further development in the next academic year would be considered at the end of the course and would be used to strengthen the weakest approach; each link or approach will need to be strengthened; to coin the phrase, “you are only as strong as your weakest link”. However, it should be accomplished one approach at a time so that the impact can be accurately measured, and the teacher is not overwhelmed with too much continuous professional development work in addition to the usual teaching work.  This would be a life long process; as there has been considerable time spent in further and higher education, it seems rights to continue learning even as a teacher both content knowledge and pedagogical knowledge.
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