Improving problem solving skills in ICT through questioning strategies

Introduction

School X is an English-medium comprehensive school in South Wales with 1105 pupils on the register, with a significantly lower than average Free School Meal (FSM) percentage (Welsh Government, 2017).  Clearly, School X is producing results with 96% of pupils reaching the expected level – core subject indicator by the end of Key Stage 3 (KS3). In a recent Estyn inspection report from 2017, where the school received a judgement of excellent across all areas, it states that pupils ‘approach problem-solving tasks with confidence, justifying their responses with clear explanations’ (Estyn, 2017, p.5). Despite this, from my own experience contribution to discussion is limited, even when prompted, and the willingness to listen to other pupils within the classroom is inconsistent. The report mentions that many of the pupils are articulate and can provide classroom responses with confidence, however, it does highlight that only a few ask perceptive questions to develop their own and each other’s understanding (ibid.).
This investigation will explore the use of an Assessment for Learning (AfL) strategy to develop pupil’s problem-solving skills and their ability to generate multiple approaches to a problem or task. Questioning is one of the four approaches discussed by Black et al. (2003) of putting AfL into practice and is an essential part of teaching, when implemented effectively in classrooms questioning has positive effects on learning. Through a sustained use of questioning strategy ‘no hands up’ alongside the use of lollipop sticks for random selection of pupils I aim to increase the participation and interaction of all learners in the classroom (Leahy et al., 2005; Wiliam, 2014). It is through interaction and discussion that pupils can develop their higher order thinking skills and further their independent learning through questioning in problem-solving activities. This investigation aims to evaluate if developed questioning allows pupils to tackle new tasks that are not limited by specific definitions or guidelines. Therefore, creating a variety of work produced and different approaches to a set task by a range of pupils. This is important with current developments in assessment for learning (Black et al., 2003; Christodoulou & Wiliam, 2016) developing the independence of learners through effective questioning techniques.

Literature Review

Problem solving is closely linked to the concept of problem-based learning (PBL).  PBL creates a challenging situation with an open-ended problem with no single solution. Successful problem-based questions are developed to allow learners to freely interpret the problem and solve it using a solution that is different from that of their peers. The strategy was originally planned and developed from the school of medicine at McMaster University in Canada (Barrows, 1986). The strategy of PBL has proved to be most successful in higher education but has also been piloted across other levels of education specifically in subjects such as Business, Social Sciences and Engineering. Barrows (1996) suggested that the problems set are merely a vehicle for developing the clinical problem-solving skills. He also inferred that the role of the teacher is to facilitate or give guidance to support the pupil, thus PBL is a pupil centred approach to learning (ibid.).

This strategy draws on two basic educational principles, allowing pupils to take ownership of their learning and strengthening their ability to take on more complex tasks (Savery & Duffy, 1995). This can be achieved if the learner is able to at first recognise and understand the problem or task they are faced with and then approach it in such a way that it can be solved in manageable smaller tasks (Griffith & Burns, 2014; Nisbet & Shucksmith, 1986).
When defining the problem care needs to be taken, too narrow and it limits the questions that can be asked in order to solve the problem (Swartz & Parks, 1994). There needs to be an organisation of types of problems within the problem itself; we need to look at problems about means in terms of what we are trying to do and goals which focus our attention on the broader problem. Goals should be given priority over problems relating to the means of completing the task and solving the problem. From this we can suggest that the steps taken to solve a problem may be different depending on the individuals thought process and skilful decision making will generate a number of a different possible solutions to achieve a goal.
It is suggested that problem solving is a based on a Constructivist approach to learning. Constructivist theory suggests that learning is an individual process. Piaget (1954) suggests that where new information is being absorbed it is added to the individual’s current knowledge; it is at this point the learner decides what to do with the new information as part of the problem-solving process and their own development. The learner can either accept the new information and adapt their current knowledge naturally to balance with their existing ideas or they may have to create a new schema as the new information is too unfamiliar to their existing knowledge. Developing ideas as an individual process however does not always benefit every pupil. Mayer (2004) suggests that an emphasis on guiding pupils is more beneficial for individuals to discover and learn new information in class. In most cases the more knowledgeable other (MKO) is referred to as the teacher, this supports the suggestion of Barrows (1996) that learning should be facilitated by the teacher and the learning scaffolded to support the pupils’ individual needs. In both cases learning occurs independently. 
In contrast, the Social Constructivist view of learning suggests that social interaction is an essential element in developing new ideas (Vygotsky, 1978). Vygotsky believed that learning from peers and the social aspects of a classroom help navigate a learner to understand new content. Through the use of peers and group activities learners are able to develop new ideas and concepts. Social Constructivist theory also suggests that group activities can reduce the Zone of Proximal Development (ZPD) for a learner, helping them to reach their full potential.

“The distance between the child’s actual development level as determined by independent problem solving and the higher level of potential development as determined through problem solving under adult guidance or in collaboration with more capable peers.” (Vygotsky, 1978, p. 86)

Within Social Constructivism it can be argued that the pupils are the MKO in the classroom, therefore the teacher should utilise the learners to enable discussion (Welsh Government, 2010). Classroom participation and peer language are important factors in learner development and discussion should not be led by the teacher (Black et al., 2003). The teacher should be the facilitator merely ensuring fairness of pupil speak. The teacher is effectively the orchestrator of the discussion, supporting learners by defining ideas and allowing the class to make connections themselves (Allison & Tharby, 2015). This is most effective when the teacher does not have to interrupt the discussion. Pupils need the ability to respond to ICT problems through group discussion and questioning in the language of their peers, therefore expressing their ideas and exploring in ways that make sense to them (Webb & Cox, 2007).
The introduction of the Digital Competence Framework (DCF) has highlighted a requirement for developing data and computational thinking skills with learners. This strand of digital competence focusses on two elements, data and information literacy and problem solving and modelling. Computational thinking has a variety of concepts and approaches, the process of understanding problems and exploring the methods of solving them. The DCF advises that learners should develop skills to ask questions regarding the most efficient way to solve problems as well as discovering if the solutions can be adapted to solve other problems (Welsh Government, 2016).  
As part of Successful Futures, Donaldson (2015) suggests that the curriculum should develop ambitious, capable learners. The design of the new curriculum looks to create learners who ask questions and enjoy problem solving. These pupils will be ready to learn throughout their lives, always looking to solve problems and apply their knowledge to different contexts. This active approach to discovering new ideas and concepts ensures that learners are setting themselves high standards and challenging themselves further. By questioning and interpreting problems they are continually learning and should be able to navigate issues and overcome obstacles in their way.
Developing a growth mindset is important to encourage learners to keep going when there are parts of the problem to solve that prove challenging (Dweck, 2006). When challenged, pupils should be able to support each other. Part of typical practice in school X and the ICT department, pupils are expected to review the board, then ask a buddy before requesting help from the teacher. By learning in this way, pupils improve their independence in problem solving and remove their reliance on the teacher as the MKO.
The Assessment Reform Group (2002) suggested that some of the main principles of AfL in classroom practice should focus on how students learn and develop strategies built in to tasks and questioning central to pupil development. Four main areas of AfL focus on questioning, feedback, sharing criteria with learners, and self-assessment (Black et al., 2003).  AfL strategies are vital to the progression of learners in all subjects and across all key stages (Donaldson, 2015). As an essential and natural part of the teaching and learning process, AfL can improve the quality of questions and the quality of talk in classrooms (Welsh Government, 2010). 
We often ask questions to generate discussion and stimulate thinking within the classroom (Wragg & Brown, 2001). Turney et al. (1973) suggested that there are 11 main reasons why we ask questions in the classroom:
• To arouse interest and curiosity concerning a topic 
• To focus attention on a particular issue or concept 
• To develop an active approach to learning 
• To stimulate pupils to ask questions for themselves and others 
• To structure a task in such a way that learning will be maximized 
• To diagnose specific difficulties inhibiting pupil learning 
• To communicate with the group that involvement in the lesson is expected, and 
that overt participation by all members of the group is valued 
• To provide an opportunity for pupils to assimilate and reflect upon 
information 
• To involve pupils in using an inferred cognitive operation on the assumption 
that this will assist in developing thinking skills, 
• To develop reflection and comment by pupils on the responses of other 
members of the group, both pupils and teachers 
• To afford an opportunity for pupils to learn vicariously through discussion

Although questioning can be used to develop meta cognition and help pupils problem solve, research has suggested that teachers commonly ask questions designed to recap learning, check understanding and to help manage classroom behaviour and attention (Wragg & Brown, 2011). Meta cognition relates to higher order thinking, learners should be encouraged to think about how to do the task, therefore ensuring they can apply their learning situationally to other contexts (Griffith & Burns, 2014). The focus of questioning needs to be on developing pupils to think for themselves and develop their own questions to the problem or task that they have been set.
Paul and Elder (2006) suggest that it is not possible to be a poor questioner and a good thinking, for thinking is driven by having questions that you need or want answers to. When you run out of questions to ask, you stop thinking. That said, there are levels within thought process and thinking that allow for a deeper understanding, these important questions as opposed to the superficial ones stimulate thoughts that allow us to express problems, define tasks and delineate issues (ibid.). It is this level of thought process and questioning we need to explore in order to problem solve effectively (Splitter & Sharp, 1995). Therefore, we need to promote pupils exploring their own learning, by supporting them in this way, they should then generate the questions required for the solution to the problem.
Thinking is driven by questions, specifically when an answer to a question generates further questions, it is evident that there is a thought process occurring. Therefore, if we provide learners with all of the information that they require to complete a task, we are metaphorically stepping on the brakes of their learning (Elder & Paul, 1998).  The thought process when problem-solving should be a continual one that leads from one question to another. If questioning is planned rigidly by the teacher with a set agenda, this may result in learners asking fewer questions and providing undeveloped responses. Subsequently, this could lead to a lack of discussion with the teacher and their peers (Capel et al., 2016).
Teachers need to ask questions that provide students the opportunity to think and help guide the lesson through adjusting their instructions to meet the needs of the learners (Leahy et. al 2005). Structuring these questions as discussion mid-way through a lesson and being responsive to the pupil’s needs can be very effective in providing the students with the information or guidance they need to develop their ideas further. That said, traditional questioning techniques often provide a lack of engagement and to fully assess the needs of the class, participation is required from all students. For this reason, a ‘no hands up’ strategy can be used to improve the engagement level, utilised alongside a method of random selection, this also increases the fairness of selection in the classroom and minimise the possibility of some students showing off (ibid.).  ‘No hands up’ means that, unless specifically asked to do so, learners know not to put there hands up if they know an answer to a question. All students are expected to answer at any time, even if they respond with ‘I don’t know’ (Black et al., 2002; Black et al., 2003).
Wiliam (2014) suggests that the ‘no hands up’ technique is the simplest way to improve classroom questioning. Wait time is required to allow the ‘no hands up’ process to be fully effective as this then provides all pupils with the ability to formulate their ideas or their opinion on the topic posed (Allison & Tharby, 2015; Webb & Cox, 2007). Research has shown that implementing wait time with the ‘no hands up’ strategy has increased pupil participation and the detail of extended answer provided by that pupil. It also has a positive effect on discussion as pupils are more likely to build or challenge the answers of other students (Black et al., 2002; Webb & Cox, 2007).  It is also suggested that ‘no hands up’ strategy on its own is not sufficient in developing pupils thinking and that they need peer-discussion and time to work out answers to problems on their own first. 
Questioning and dialogue in ICT classrooms should include strategies to support all learners in revealing their ideas and encouraging group or whole-class discussion. This can only be achieved if the question is posed prior to the name being drawn or selected. The difficulty though with posing the question is that it may be too difficult or too easy for the pupil who is randomly selected (Wiliam, 2014). A limitation with the use of lollipop sticks as a random selection tool is that once the stick has been selected, whether prior to the question being posed or after, the rest of the class ‘switch off’. Therefore, the preparation of the statement or question is just as important in ensuring classroom engagement (Webb & Cox, 2007). In this instance, a combination of AfL strategies are required. 
Lemov (2015) suggest that hands down cold calling is the ultimate unpredictability for classroom participation as it ensures that all students need to be ready to answer the question posed. It sends a very clear message that all learners should be attentive and involved in each discussion. Allison & Tharby (2015) suggest that a benefit of randomised questioning, further to increased learner engagement, is a limitation to the chances of a teacher subconsciously excluding anyone in whole class questioning. With cold calling there is a possibility that the teacher may select pupils that they know will have the correct answer. Therefore, limiting the unpredictability of discussion and the possibility of wrong answers. It is important that all answers, including wrong responses can be used to develop understanding and make progress (Black et. al., 2002).
Over the years many different questioning strategies have been developed and used in classrooms. There is not a one size fits all approach; there are benefits and limitations to each strategy. Research has suggested that many teachers do not plan questioning and dialogue in ways that support pupils learning (Black et al., 2002). This is usually linked to teachers waiting less than one second for pupil responses and predetermined ideas of the responses they would like to hear. To conclude, more effort is required in framing questions that are worth asking. Questions should be developed to support learners in navigating their own learning and critically developing their understanding; each question should lead to further questions being asked. 



School policy and practice AfL

School X has a well-developed approach to ensuring AfL is incorporated throughout their practice. This is outlined in key school documentation; which is available to view online for parents and carers. In the recent Estyn inspection report the school were commended for their consistent approach to questioning skilfully to develop pupils thinking, improving the knowledge, skills and understanding of the pupils (Estyn, 2017).
Assessment for learning should be an informal process, embedded in all aspects of teaching. The inclusion of AfL should be natural process to allow all teachers to still provide diverse and individual lessons that reflect their own teaching style (Black et al., 2003).  This is something that is evident in school X, across multiple departments and in most practice that I have observed within the ICT department.
The school’s Assessment Policy supports the United Nations Convention on the Rights of the Child, Article’s 3, 12 and 28, these Article’s support the best interests of the child alongside a respect for the views of the child and the right to education. Article 12 suggests that ‘every child has the right to express their views, feelings and wishes in all matters affecting them, and to have their views considered and taken seriously’ (Unicef, 2018). In terms of teaching it is important that all pupils contribute to class discussions and have their views heard; it is vital that all pupils participate in lessons and feel that their contribution is valued.
There is not a policy specifically related to questioning within school X or the ICT department. However, for the past couple of years a ‘no hands up’ approach has been verbally agreed and utilised to allow all pupils to contribute to lessons. This approach as discussed by Wiliam (2014) encourages pupils to stay engaged and participate in all areas of questioning and discussion within the lesson. This also ensures that those dominating pupils can contribute but not control the lesson in its entirety. It is helpful in ensuring a balanced view of the understanding of the class in relation to the scheme of work or content of the lesson. Within school X pupils typically relate this strategy of ‘no hands up’ with lollipop sticks, to their lessons within the Mathematics department.
This approach within the ICT department alongside differentiation allows all pupils to stretch themselves, the inclusive questioning develops all pupils by targeting questions at an appropriate level to each individual pupil and utilising other pupils to build on answers and encourage discussion about a topic or project. It is fair to say that School X has established practice and positive expectations to challenge all pupils, including those more able and talented (MAT) pupils. On this basis, the intervention will look to see if the development of questioning can have a positive effect on both MAT and lower ability pupils. 
The department improvement plan (DIP) for the ICT department discusses the need for an all-inclusive challenge approach in all lessons insuring pupils are stretched and encouraged to achieve their full potential. Within the DIP there are also mentions of thinking time to allow for further full class inclusion, as suggested by Black et al. (2002) it is an important part of questioning and discussion to allow sufficient time for pupils to think before they are expected to respond; it is suggested that thinking time improves whole class participation.



Methodology and Ethics

This is an action research study in line with normal classroom practice. The research studied two separate Year 7 classes of mixed ability over four lessons. This was not an ideal timescale as most interventions require a longer extended period to establish if any significant change has been made (Bryman, 1989). However, due to time constraints and timetabling it was the only possible allocation of time. The focus of the questioning strategy ‘no hands up’ was used in plenaries and starters to allow full class participation, interaction and to ensure accessibility to all. 
The idea of action research came from social psychologist Kurt Lewin. Lewin (1946) suggested that an action cycle made up of a spiral of steps would lead to continual reflection on practice and sustained change. Lewin argued that research that produced only books or reports was not sufficient; typically, only a cycle of planning, action and fact-finding built on a foundation of reflection about the initial problem would lead to improvement. This approach Is followed roughly with this investigation, where we only implement the method cycle once. 
The investigation looks at the teaching of the basics of programming, using educational software Microsoft Kodu. Pupils were set a task to create a game with criteria, they were assessed on three areas: environment, character and gameplay; simply emphasizing the fact there were no specific guidelines to follow. The class were given the instructions and the programming code was explained. In addition to this, the class discussed the problem and the different instructions that could be used to overcome the problem. One class used the traditional hands up approach, as opposed to the ‘no hands up’ strategy of the second class. This allowed me to assess the effectiveness of a different questioning strategy on learners’ problem-solving skills. I had an opportunity to assess a further Year 7 class as part of normal practice, however the third class receive two lessons within the same week, of Week A and Week B cycle within school X. Due to this, I decided to focus on the classes that receive just one ICT lesson each week, as this will be a fairer comparison. Glanz (2014) suggests that for comparative research to be fair and to ascertain any conclusions both groups must be comparable to begin with. If the two groups are too dissimilar, it would be unrealistic to draw any comparisons following the intervention. Class 1 and Class 2 are both mixed-ability Year 7 classes of similar ability and were therefore the most sensible choice for this research.
Firstly, I collected quantitative data by assessing the game outcomes of both classes. I have categorised the task outcomes: standard solution, different solutions and non-completion. This will assist me in evaluating if my questioning strategy has had any impact on learning. A ‘standard solution’ will relate to any gameplay solution that is similar to examples provided during the programming code explanations delivered in lessons. Secondly, qualitative data was collected through teacher observation and my own reflections. I will use the Analysing Teaching and Learning in Activity Settings (ATLAS) model to assess the learning environment in both classes as well as reviewing the learners’ progression. The ATLAS model looks at the features of the setting and the learners in relation to the affordances and constraints in the interaction zone to achieve a goal, this cyclical process is then reflected on (Kennewell, 2005).  
Schon (1983) looks at reflection in action and reflection on action with goal directed activity. Reflection in action provides opportunity to focus the activity through questioning and stimulating learner autonomy (Kennewell et al., 2007). Reflection on action can occur through plenary activity when the class are asked to reflect on what they have learned. I will compare reflections of both classes to assess the differences in teaching and learning. To assist my reflections, I compiled my own notes as well as observations from the classroom teachers who were observing my lessons. Observations are a way of collecting accurate and reflective primary data which supports actions and not feelings (Bryman, 1989).  
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Figure 1: ATLAS framework for analysing classroom activity 
(Kennewell, 2005)

Both qualitative and quantitative data are valid when measuring and both are commonly used in educational papers and journals (Thomas, 2013).  Once the qualitative and quantitative data was collected, it was important to reflect on the process and draw results and conclusions from the data provided. As a result, we will be able to establish the effectiveness of different questioning strategies at developing problem solving skills with Year 7 pupils in school X. 
It is important to note that every pupil contributed to the task as part of normal classroom activity. However, I provided a clear statement explaining and disclosing the purpose of my investigation to pupils and their respective parents or carers. This statement confirmed that every pupil has the right to withdraw if there are any concerns or difficulties. I followed the guidelines of existing school AfL policies alongside the guidelines and principles of the British Educational Research Association (BERA, 2011). The data collected for this investigation has been found with the consent of each learner and therefore no data of specific pupils will need to be removed. It is also important to emphasise that data will be held following the Data Protection Act (GOV.UK, 2018) keeping it anonymous and confidential before it is evaluated for the purposes of this paper in an accurate and ethical way.

Evaluation

Before the start of the investigation I wanted to come to a conclusion to see if there were questioning strategies that could help develop students’ learning and their ability to problem solve independently. During the intervention a ‘no hands up’ strategy was utilised with one class. Both classes were required to solve a problem of creating a computer game with the following criteria; the game had to have an environment, character and gameplay. This allowed the pupils to develop their own learning by not limiting them to set success criteria.
In order to be able to really evaluate the progress of the pupils’ problem-solving skills over the course of the intervention, I chose not to begin my investigation until I had begun a new topic using new software, Microsoft Kodu, to create and program a game. This allowed me to have a clear understanding of how pupils could be affected by an intervention. It also allowed me to ensure that the task had success criteria that was suitable to collect quantitative data but also not limiting the learning opportunities. 
As previously discussed, I was able to categorise pupils’ game creation in to three separate types: standard solution, different solution and non-completion. Pupils were asked to explain the main aim and objectives of their games and the basic programming functions of their gameplay. Any game that used the basic principles of the examples that were used in demonstration to the class, without any further development, was classed as a standard solution. This is because the programming code for a standard solution game was shared with the class and therefore no exploration of the software and problem solving had occurred.
As identified in teacher’s observations previously a number of learners lacked engagement in class discussions. This was identified through suggestions that the dominant MAT learners tended to answer all the questions. In contrast to the Estyn inspection report (2017) which suggests a high level of engagement from the majority of pupils in classroom discussion. The intervention of ‘no hands up’ and the introduction of lollipop sticks reduced the amount of shouting out and improved the inclusion of learners who typically did not contribute to questioning and classroom discussion (Leahy et al., 2005; Wiliam, 2014).
At the beginning of the intervention, the end of the first lesson was a discussion about game creation that the pupils had been working on that lesson. Through teacher observations and my own reflections, it is evident that pupils in both classes were reluctant to speak and only a few MAT pupils were keen to share what they had created that lesson. Initially, the use of lollipop sticks in Class 2 had little impact on the contribution to classroom discussion. Even when the names were selected, pupils gave responses of just a few words, even when prompted they were unwilling to share in great depth what they had problem-solved that lesson. This contrasts with Leahy et al. (2005) who suggested that even the shyer students should show greater confidence when being selected to participate this way. There was a slight improvement observed by the classroom teacher and myself in their contribution to discussion towards the end of the intervention, but this was also apparent in Class 1 who were answering questions with a traditional hands up approach. 
In both classes, there are disengaged learners that have struggled with classroom participation throughout my placement. Most classrooms have a selection of pupils that are not engaged with the content of the lesson and are therefore less likely to want to contribute when there is whole class discussion and questioning (Welsh Government, 2013). The use of lollipop sticks, when these pupils are selected, does include them in the lesson. However, that does not mean that they are prepared or experienced in contributing to discussions. With any AfL strategy, a prolonged use of lollipop sticks may better serve to have a positive effect on the learning environment and the confidence of the disengaged pupils when joining in discussion (Hill, 2011).
During lesson two pupils were asked to discuss and share their ideas on ‘What makes a game?’ I specifically chose an open question to allow pupils to share their ideas from different game genres, including board games as well as computer games. They were then asked to think about what elements of these ideas they wanted to adapt to their Kodu game and how they might go about this. I aimed to improve pupil dialogue through discussion, therefore developing their thinking. I also wanted to encourage the class to engage in collaborative learning instead of competition (Splitter & Sharp, 1995). Admittedly, this goes against the nature of most pupils, from both classes I was faced with silence as they wanted to keep their ideas to themselves. The use of ‘no hands up’ questioning and lollipop sticks were beneficial in Class 2 as pupils were selected at random and therefore required to share their ideas. 
Through my research I had noted that wait time was important when supporting pupils in their responses following posing a question or a discussion (Wiliam, 2014). This is something that I implemented with both classes as it formed part of my usual lesson planning activity. The inclusion of wait time had a positive effect on both classes. Tobin (1987) suggests that wait time improves learner achievement and facilitates higher cognitive levels. The effect of additional thinking time was more visually evident in Class 1 with the traditional hands up approach, as the longer I waited for responses more hands were raising in readiness to answer. In Class 2, pupils were prepared to speak when selected, which reduced the initial pause and silence typically associated with selecting a lollipop stick of a reluctant or shy pupil.
I also included the use of statements, as opposed to questions, as part of my teaching to increase discussion. During lesson four, pupils were asked to discuss the effects of music on gameplay. The statement ‘music has an effect on gameplay’ was displayed on the board as a starter activity for learners to think about as they were settling in to the class. In both classes where traditional questioning and the ‘no hands up’ strategy was used, pupils were able to build on each other’s responses and a good discussion covering a number of different points was had. Including both MAT and lower ability pupils. It was notable however, in Class 1, that some pupils even when given a wait time were still reluctant to put their hand up to contribute, which does not fully support the theory of Webb & Cox (2007). Following discussion pupils were expected to explore the software and add music or sound effects to their games, no demonstration was provided. By providing no demonstration this encouraged learners to ask themselves the questions of ‘how’ therefore encouraging them to think (Elder & Paul, 1998). Learners in Class 2 were more able when completing this task, the majority of the class were able to navigate this problem without any help. This can suggest that the intervention, by lesson 4, had a positive effect on creating ambitious, capable learners as they approached this task with confidence (Donaldson, 2015).
In lesson three, the plenary task was designed to encourage discussion through peer language as discussed by Webb & Cox (2007). Pupils were given 5 minutes to discuss with their group their game completion so far, the lines of programming code they had used and how they had managed to problem-solve the lines of code they required for their game ideas. They were encouraged to share lines of code in order to improve each other’s understanding of the software and help their groups develop further ideas (Vygotsky, 1978). Once the initial 5 minutes was up in Class 1 they nominated a spokesperson from each group to feed back their summaries to the class. Class 2 were allocated groups and pupils were chosen to speak using lollipop sticks. This part of the intervention highlighted that sometimes within teaching the MAT pupils, who are keen to speak, can be beneficial as the MKO to support the progress of the whole class (Mayer, 2004; Vygotsky, 1978). The feedback discussion summaries of Class 1 were far more detailed and engaging than those of the randomly selected pupils in Class 2.  
When reflecting on the process with the ATLAS model I was able to distinguish that the environment in Class 2 was changing throughout the intervention, therefore influencing the goal or task that the pupils had to complete. Similarly, in Class 2 pupils were more willing to attempt to create things without instruction. They were not afraid of failure and they were attempting to create games that were challenging themselves (Dweck, 2006). It can be suggested that the pupils of Class 2 had gained independence and were beginning to ask questions of their own learning. The more they learnt about the software, encouraged them to be curious and aware of the gaps in their own knowledge (Allison & Tharby, 2015).  

Figure 2: Year 7 - Class 1 game outcomes

Figure 3: Class 2 game outcomes
In Class 2 there is a higher differentiated outcome compared to that of Class 1. In fact, a number of the members of Class 2 had actually requested if they could start again during lesson two as they had generated a ‘better’ idea and wanted to see if they could create this instead. In line with not limiting my pupils with success criteria, I allowed them to re-start and they managed to create a new game by the end of lesson four. The variations of games created was higher in Class 2, even within the different solution category there were a variety of games, including the creation of multiple levels of gameplay.
Finally, in both classes the environment in regard to pupil to teacher questions shifted. There was a decrease in the amount of questions asked, through reflection this atmosphere had been generated by increasing group discussion and an ethos of sharing game ideas. Pupils felt they could ask their peers for support and assistance as they were used to doing this as part of the starter and plenary activities.

Limitations and future developments

From the quantitative data it appears that Class 2 created further variations of game type than Class 1 and explored the software independently problem-solving their ideas to create and program their individual games. This could indicate the effectiveness of the ‘no hands up’ questioning strategy. However, there were several variances which could have potentially impacted the results seen above and these should be considered when making judgements on the overall success of the intervention. 
Firstly, the main limitation of my research study is sample size, due to timetable constraints of normal teaching practice and ensuring comparable Year 7 classes (Glanz, 2014) I was able to conduct my research with just 2 Year 7 classes of mixed-ability. A further development would be to research the effects of questioning to improve problem-solving in ICT across KS3 classes, including Year 8 and Year 9. It would be beneficial to have a larger sample size of data to compare the effects of the intervention. Secondly, the length of the study could have an effect on the validity of the results. Four lessons are not an ideal timescale to assess if there is any significant change (Bryman, 1989).
As part of general classroom management, pupils are not allowed to walk around the room out of their seats. There are differences in the layouts of the classrooms in both rooms and this could possibly have had an impact on the classroom environment effecting peer support and shared problem solving. Class 2 are taught in a small classroom where they can turn around and discuss their ideas with more than 8 pupils without leaving their seats. Class 1 are taught in a very large room where the ability to problem solve is restricted to the two pupils either side of themselves, unless they leave their seats. As this is restricted behaviour in the classroom, it may have had an impact on their ability to problem solve with their peers. Therefore, it could be suggested that the increase in differentiated game outcomes in Class 2 was partially because they were able to frequently discuss their ideas with their peers (Webb & Cox, 2007).
The initial study focussed on the use of two separate AfL techniques, the use of lollipop sticks alongside the questioning strategy ‘no hands up’. It would be difficult to suggest that either of these strategies would be effective individually as research suggests that a random name generator supports the ‘no hands up’ strategy (Leahy et al., 2005). The use of ‘no hands up’ strategy with a selection of pupils through the use of teacher voice may have been effective without the additional tool of lollipop sticks as a random name generator. Cold calling as suggested by Lemov (2015) if implemented without prejudice of pupil selection could improve classroom engagement and inclusion of all pupils in discussion. On reflection, a further study that evaluates the difference between random selection with lollipop sticks, or without, on ‘no hands up’ questioning would be beneficial.
A further development of this intervention would be to set a problem that would require the pupils to challenge and stretch themselves further. A problem made up of smaller problems that require different thought processes (Griffith & Burns, 2014). Some pupils found the Kodu task to be quite easy and were therefore able to spend the majority of their time improving their programming code, instead of asking questions of the software and looking for limitations. When tasks are easy, initial engagement is high however, this does not last. Throughout the intervention the pupil’s natural curiosity to problem-solve and ask questions of the software reduced.
Throughout my research I focussed on ensuring my starters and plenaries were heavily focused on AfL to accommodate my intervention. The inclusion of these tasks focussed on questioning and discussion with peers. Each plenary summarised learning with reflection and evaluation of that lesson as well as discussing what was required and needed to move forward in the next lesson. I noticed a difference in my own practice and my lesson planning techniques during this intervention. This increased focus on classroom discussion and a sharing of ideas to problem solve may have been successful without the ‘no hands up’ questioning strategy. The introduction of wait time was also implemented in both Class 1 with the traditional questioning strategy and Class 2 with the ‘no hands up’ approach. The additional wait time applied after posing a question or making a statement may have had an effect on the engagement of those shy and disengaged pupils. On reflection, I should have ensured consistency with my existing practice prior to the intervention to allow for greater analysis of the qualitative data provided from observations. It can not be suggested that the improved engagement was due to the intervention of ‘no hands up’ or if improved engagement was as a result of the increase of AfL techniques introduced as part of my lesson planning process.
Throughout the intervention, specifically in relation to this task, I have noticed that there is a slight difference in the ability of the pupils of Class 1 and Class 2. Initially, I believed both classes to be comparable, given that they displayed similar characteristics and levels of attainment (Glanz, 2014). Due to the noticeable difference in ability of the pupils of the different classes, that Class 2 have a higher average ability, there are limitations in suggesting that the intervention of ‘no hands up’ had a positive effect on the learners’ problem solving skills.  

Conclusion

In conclusion, this investigation was carried out to explore the effects of questioning strategies on learners’ ability to problem solve. It is clear that effective questioning has a huge impact on education (Webb & Cox, 2007) and it is important to use the right questioning strategy to enable learners to reach their potential (Turney et al., 1973). Through practice and research, it is clear that teachers need to adapt and adjust their questioning in every situation, scaffolding, breaking questions down, requesting detail and encouraging learners to build on the answers of their peers (Allison & Thamby, 2015). School X have established high standards of effective questioning and this is evident in practice daily as shown in the recent Estyn inspection report (2017). Pupils respond well to the ‘no hands up’ strategy and are relatively familiar with the concept.
To promote thinking in learners we need to encourage them to ask their own questions, and to further their learning with more questions. When problem-solving learners need to think creatively and critically without limiting themselves (Splitter & Sharp, 1995). Therefore, it is also important that tasks or problems that are posed to pupils do not restrict natural curiosity, they need to be open-ended with no single solution (Barrows, 1986). 
It can be suggested that the intervention was a success due to Class 2 creating a variety of games, using multiple approaches to complete the task set. A higher differentiated game outcome from Class 2 suggests that, ensuring all pupils are engaged and included in discussion can lead to increased independent problem-solving. It can also be suggested that the intervention improved the communication between the pupils in Class 2, encouraging them to problem-solve with their peers following increased discussion activities. The intervention can also be seen as a success with pupils developing autonomy in problem-solving, this was seen with a reduction in questions directed at the teacher from pupils in Class 2. As suggested earlier, the MKO in the classroom is not always the teacher, on reflection the MKO during this intervention were the other learners in the classroom (Mayer, 2004, Vygotsky, 1978).
Overall, my research has improved my classroom practice and the inclusion of starters and plenaries that focus on questioning and discussion have had a positive effect on learning on both classes, including MAT and lower ability pupils. The classroom environment of autonomy found in both classrooms suggests an improvement in higher order thinking skills has been developed during the intervention (Grffith & Burns, 2014).
To conclude, the intervention could be seen as a success however, there were limitations identified such as the classroom environment due to different classroom sizes which allowed Class 2 to discuss their problems with their peers throughout the lesson more freely and a change to my own teaching practice with increased AfL strategies. As a result of the limitations identified from my intervention, if I were to re-visit this intervention for further research I would consider a focus on the possible differences between lollipop sticks and cold-calling with the ‘no hands up’ strategy, whilst ensuring I maintain my current pedagogical approaches to teaching to limit the variances effecting my results.  


References
Allison, S. & Tharby, A. (2015) Making every lesson count. Carmarthen: Crown House Publishing Limited.
Barrows, H. (1986) A taxonomy of problem-based learning methods. Medical Education 20 (6) pp. 481-486.
Barrows, H. (1996) Problem-based learning in medicine and beyond: A brief overview. New directions for teaching and learning. 1996 (68) pp. 3-12.
[bookmark: _GoBack]Black, P., Harrison, C., Lee, C., Marshall, B. & Wiliam, D. (2003) Assessment for Learning. Berkshire: Open University Press.
Black, P., Harrison, C., Lee, C., Marshall, B & Wiliam, D. (2002) Working inside the black box. London: GL Assessment. 
British Educational \research Association (BERA) (2011) Ethical Guidelines for Educational Research. Available at: https://www.bera.ac.uk/wp-content/uploads/2014/02/BERA-Ethical-Guidelines-2011.pdf accessed on 11th May 2018.
Bryman, A (1989) Research methods and organization studies. London: Routledge. pp. 23-52.
Capel, S., Leask, M. & Younie, S. (2016) Learning to teach in the secondary school: A companion to school experience. Oxon: Routledge.
Christodoulou, D & Wiliam, D. (2016) Making good progress? The future of Assessment for Learning. Oxford: Oxford University Press.
Donaldson, G. (2015) Successful Futures. Cardiff: Welsh Government. 
Dweck, C. (2006) Mindset: The New Psychology of Success. London: Robinson.
Elder, L. & Paul, R. (1998) The Role of Socratic Questioning in Thinking, Teaching, and Learning. The Clearing House: A Journal of Educational Strategies, Issues and Ideas. 71 (5) pp. 297-301
Estyn (2017) Inspection Report (school X). 
Glanz (2014) Action Research: An Educational Leaders Guide to School Improvement.  Plymouth: Rowman & Littlefield.
Gov.uk (2018) Data Protection. Available at: https://www.gov.uk/data-protection accessed on 12th April 2018.
Griffith, A. & Burns, M. (2014) Teaching Backwards. Carmarthen: Crown House Publishing.
Hill, M. F. (2011) ‘Getting traction’:enablers and barriers to implementing Assessment of Learning in secondary schools. Assessment in Education: Principles, Policy & Practice. 18 (4) pp. 347-364.
Kennewell, S. (2005) Researching the influence of interactive presentation tools on teachers’ pedagogy. University of Glamorgan: BERA.
Kennewell, S. Tanner, H., Jones, S. & Beauchamp, G. (2007) Analysing the use of interactive technology to implement interactive teaching. Swansea: Blackwell Publishing Ltd pp. 61-73
Leahy, S., Lyon, C., Thompson, M. & Wiliam, D. (2005) Classroom Assessment: Minute by Minute, Day by Day. Assessment to Promote Learning. 63 (3) pp.19-24.
Lemov, D (2015) Teach like a champion. San Francisco: Jossey-Bass.
Lewin, K (1946) Action research and minority problems. Journal of Social Issues.  2 (4) pp. 34-46.
Mayer, R. E. (2004) Should there be a three-strikes rule against pure discovery learning? The case for guided methods of instruction. American Psychologist. 59 (1) pp. 14-19.
Nisbet, J. & Shucksmith, J. (1986) Learning Strategies. London: Routledge.
Paul, R. & Elder, L. (2006) Critical Thinking: Learn the tools the best thinkers use. Ohio: Pearson Prentice Hall.
Piaget, J. (1954) The Construction of Reality in the Child. Routledge.
Savery, J. R. & Duffy, T. M. (1995) Problem-based learning: An instructional model and its constructivist framework. Educational Technology Publications. 35 (5) pp. 31-37. 
Schon, D. (1983) The Reflective Practitioner. New York: Basic Books.
Splitter, L. J. & Sharp A. M. (1995) Teaching for better thinking. Camberwell: The Australian Council for Educational Research Ltd.
Swartz, R. J. & Parks, S. (1994) Infusing the teaching of critical and creative thinking into content instruction. California: Critical thinking books & software.
Thomas, G. (2013) How to do your research project. A guide for students in education and applied social sciences. London: Sage Publications.
Tobin, K. (1987) The role of wait time in higher cognitive level learning. Western Australian Institute of Technology 57 (1) pp. 69-95 
Turney, C., Cairns, L., Williams, G., Hatton, N. and Owens, L. (1973) Sydney Microskills. Series 1 Handbook. Sydney: University of Sydney.
Unicef, (2018) The Right to Participation. Available at: https://www.unicef.org.uk/rights-respecting-schools/the-right-to-participation/ accessed on 1st May 2018
Vygotsky, L. S. (1978) Mind in Society: The Development of Higher Psychological Process. London: Harvard University Press.
Webb, M. & Cox (2007) Information and Communication Technology inside the black box. London: GL Assessment 
Welsh Government (2010) How to develop thinking and assessment for learning in the classroom. Cardiff: Welsh Government. 
Welsh Government (2013) Assessment for Learning and the National Literacy and Numeracy Framework. Cardiff: Welsh Government.
Welsh Government (2016) Digital Competence Framework guidance. Cardiff: Welsh Government.
Welsh Government (2017) My Local School.
Wiliam, D. (2014) The Right Questions, The Right Way. Using Assessments Thoughtfully. 71 (6) Pp.16-19
Wragg, E. C. & Brown, G. (2001) Questioning in the Secondary School. London: Routledge.
Class 1

Standard	Different	Non-completion	12	14	3	


Class 2

Standard	Different	Non-completion	2	24	2	


