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How can we improve pupil involvement through the use of concrete objects in maths?
Introduction

During PTE1 a number of factors rose my interest in researching further. One area that interests me in education is the mathematical context. During the first part of my Professional Teaching Experience (PTE1) I had the lower ability group for Year 5 / 6 in maths. One challenge that I faced with this group was their enthusiasm and involvement in maths. The aim of this research is to follow 3 participants in their lesson and monitor their involvement in the lessons, to see whether concrete objects help them get involved in their lessons and their own learning.  This brought me onto the discussion I had with my research partner, they also had an interest in the development in maths in their school and they also felt that the involvement in their maths lesson could be improved. 


The school has a strong focus on the development of mathematical skills. The majority of pupils thoroughly enjoy maths in their lessons, but some show a disinterest and may feel that they can only get involved further after having a stimulus to help them. The class is a Year 2 class, made up of 28 pupils in a rural South West Wales school making up of 263 pupils all together. The school itself is based in a deprived area where 27.5% of students are on free school meals (My Local School, 2019). After a discussion with my research partner, his placement school is also based in a deprived area, where 31.1% of pupils are on free school meals. Research from (National Foundation for Educational Research, 2015) has shown that students from a deprived background lack engagement and involvement in their learning. From this, it was considered how their engagement and involvement in class can be improved. It was decided that the question for our research should be; “how can we improve pupil involvement through the use of concrete objects in maths?” 
Three pupils from the class will be chosen to participate in the research, they will be chosen by their involvement in their mathematical lesson. One child will be chosen where they normally get involved in the lesson, another participant who does not normally get involved and the last participant would be one who would somewhat get involved.  
Overview of relevant literature

There is a stigma that surrounds mathematics in it being “difficult” or “boring” which will result in individuals who lack engagement and involvement in lessons (Kalder and Lesik, 2001). This could be due to mathematics having an abstract method of finding things out. However, in recent education a more practical and active approach has been given to the pupils to get a better understanding of mathematics (Chinn, 2011). Numerous theories in recent years have had a focus on the best way to engage and the best possible way for the pupils to understand and grasp the mathematical concept, such as the connections model (Haylock and Cockburn, 2008) which will be discussed further on. With these research, they all have one thing in common – concrete objects which the pupils can manipulate and discover concepts for themselves using real-life scenarios. 

A theorist who encourages this from of learning is Piaget (Halfpenny and Pettersen, 2014) with his constructive theory. By allowing the children to take an active approach to learning by interacting with the objects around them they are self-motivated to discover the environment through their own actions. Through constructivism individuals are able to create and build upon more sophisticated mental representation, from their experiences in the real world (Halpenny and Petterson, 2014). As a result from this, pupils are able to interpret their new knowledge to create meaning in their mathematical development. Piaget emphasises the importance of the use of actions and problem-solving in lessons are central to a childs development and learning for them to have a greater understanding of the lesson objective (Turshan, 2015). 

To support Piaget theory, according to Haylock (2014) in order for pupils to have the understanding needed in mathematics they must be given four different opportunities. These opportunities are; be surrounded by mathematical language, be given pictures, visually see and use mathematical symbols and practical / real life experiences (Haylock and Cockburn, 2008). The latter linking with this research by providing concrete objects for the pupils to manipulate in their learning. In order for the child to have a better understanding of the concept, the first thing that they will do is manipulate these objects in their learning. They are used to help them perform mathematical operations whilst also allows them to construct their own mathematical concepts (Cotton, 2013). 

Using concrete objects is especially essential in early years as it is a good representation of number. By having “7” or even saying the number “seven” could mean little to a child as they have no idea what this number represents. Even though he may be perceived as a little dated, even Piaget (1971) believed that at a young age, individuals would not have developed their cognitive ability, thus meaning would find it difficult to think abstractly where they will be very dependent on concrete objects to help them engage and help them make sense of their learning (Halpenny and Petterson, 2014). 

By allowing pupils to use concrete objects in their learning they become more independent learners, especially when they are allowed to use the manipulatives themselves (McNeil et al, 2009). They are allowed to discover, explore, test and develop mathematical skills at their own pace. Instead of a teacher telling them what certain things are, they are allowed to investigate the problem for themselves. By manipulating concrete objects, it encourages the children to get actively involved in their learning. Pupils will naturally be intrigued by their learning and will be intrigued in how mathematical concepts work. This linking back to Piagets’ theory on constructivism (Halfpenny and Pettersen, 2014). By allowing children to participate and engage in concrete objects, children are naturally inclining to become active learners, 

As Dunn and Dunn (1999) believes, all children have different ways of learning, Fleming and Baume, (2006) went further into this research and believes that some children learn visually, some learn through audio and then other learn kinaesthetically also known as the VAK theory. Through the use of concrete manipulatives, children who learn best through kinaesthetically have the opportunity to learn to their full potential. However Li, et al.  (2016) critiques this theory believing that there is little evidence to support this sort of learning. They also state that it is difficult to identify a specific learning need of the different individuals. This could lead onto individuals being categorised into a specific learning style. They may seem fixed on the idea that they work in a specific way and trying to move away from this learning style may be difficult as they may not want to adapt if they believe that the only way, they’ll learn is through this learning style.

However, Uttal, Scudder and DeLoache, (1997) states that although concrete objects are useful in the development in mathematical understanding, pupils can become reliant on these objects for them to use in their mathematical understanding. By becoming reliant on these objects, such as Numicons and blocks, pupils will find it difficult to progress onto cognitive development (Coffield et al, 2004). This does links to the CPA approach, by integrating pupils from the concrete experience to the pictoral and finally onto the abstract thinking (Evans, 2017). However, if too much time is spent with the manipulatives then the children would have an attachment with these objects which means they will and it difficult to move onto the abstract thinking. Although concrete objects are used to support learners in thinking abstractly, pupils will still be reliant on them to help them understand the concept (Uttal, Scudder and DeLoache, 1997).

There is a potential that concrete objects may over-engage the pupils in their learning (Out Of The Box Teaching Ideas, 2019). From having the objects in their reach, the pupils may find it very hard to concentrate on anything else rather than the objects itself, resulting in possibility of the pupil not be listening to the instructions that the teacher has set for them (Out Of The Box Teaching Ideas, 2019). It can have a knock-on effect for the other pupils, as this particular individual may feel as though they need to take control over the situation. The pupil may lose focus in the lesson objective and spend most of their attention on the different manipulatives used in the lesson. 

The drawbacks to concrete objects does not always have a negative effect on their learning, the resources in the school can be a huge drawback. If the school does not have the funding to provide for resources, it can be difficult to get access to them. This could be a problem we may face in this research where we will not be able to get hold of the necessary equipment for the pupils. According to Haylock and Cockburn, (2008) for pupils to have the optimum experience for learning they need to have access to their own concrete objects. In some situations, this will not be possible. Some cases the schools may have limited resources, where pupils will have to share the resources. Some may perceive this to be a negative as the pupils will not be able to develop their skills independently, especially when one pupil is more hesitant than another and will step back and let the other take control (Out Of The Box Teaching Ideas, 2019). However, it can be seen that other skills can be developed such as collaboration and communication skills and not just mathematical skills.

Explanation of your lesson study design. 
The research is conducted following a technique that Peter Dudley brought from Japan and implemented it into the education system in the United Kingdom, this technique is called Lesson Study (Teacher Development Trust (2015). Lesson Study is model for teacher-led research, where a pair or a group of professionals will identify and tackle a specific area for development with the pupils. They will plan, observe and reflect as a group to assess what the best possible action plan is for them to get better. Fernandez and Yoshida (2004) suggests that Lesson Study has a huge impact on standards in school as the context is relevant for the pupils in the class. If a certain class is having difficulty with a certain area, the teacher can use Lesson Study to get opinions from other practitioners on how to improve as every teacher has a different opinion on how best to teacher, therefore trying a new method may be an advantage in their class. However, Murphy, et al, (2017) states that although Lesson Study is very beneficial, it cannot be implemented continuously as there is a drawback with the cost, as schools may not have the funding to cover for the teachers who are out to undertaking the research study. The research will be conducted as a triangulation (Carter et al, 2014), this is done because more evidence gained will provide a better understanding. 

One way to collect the data, is by observation, as it is a quick and easy way of collecting primary data (Cooke, 2016). Data is collected as the incident is occurring therefore, the observer will not have to think back and be anxious about forgetting about any details. From observing, there are a number of things we can collect, such as engagement, participation etc. This research will observe the involvement of the child as they interact with the concrete object in their numeracy lesson. By observing this, we can compare the observation notes to the Leuven scale (Early Learning HQ, 2019) of involvement, where it gives five levels of involvement (see appendix 6). Early Learning HQ (2019) suggests that for the child to be at the top end of the scale, the child needs to show to be focused, engaged and interested in the task. Welsh Government (2013) states that one way to raise standard in the classroom is through observation which can help support practitioners by sharing and developing different skills which will in turn improve outcomes for learners. However, there are downsides to observations, as only one will be observing, details may be missed as they are focused on another aspect. 

Once the observation has taken place, a focus group interview will be conducted. This gives an opportunity for pupils to explain their opinion about the lesson (HSE, 2019). It also provides us with a chance to question them for example; why they did or did not do a certain action. As the pupils are in Foundation Phase, the questions are simple for them to understand. The interview will be conducted as a group, as Morgan (1998) states that it will make the individuals feel more comfortable to answer questions, it could ease the more intrinsic children to discuss their opinion. However, it could also turn the other way, if the pupils are incredibly timid then they may feel uncomfortable to discuss their findings in front of everyone. Another disadvantage with focus groups a disadvantage could be that pupils may copy their peer as they feel as though that is the correct answer to the questions and they didn’t want to be wrong (Morgan, 1998).

The interview will be recorded using an audio tape, this is to ensure that all relevant information can be recorded (Markle, West and Rich, 2011). Without an audio tape, the writer may misinterpret the answers and fail to account for all the information, which may lead to data falsification. After discussion with the research partner, it was decided to audio tape than film as to keep the confidentiality of the participants (British Educational Research Association (BERA), 2011). By following ethical issues, all raw data from the audio tapes will be disposed of after all relevant information is recorded. 

By obtaining all the required information, it can be reflected by using the Brookfield (2005) model. This will be carried out by reflecting on a range of views not just the main observer. It considers the reflection from the teacher, the reflection from the observer, the reflection from the students and the links it makes to theory. This enables the reflection to be critical and to get a different perspective on the lesson, this can be beneficial as some area that one person may find beneficial another might find a disadvantage (Brookfield, 2005). By reflecting on study yourself, it may seem difficult to challenge yourself where the results may have a negative view or in some cases the individual may create results which may result in being self-deceive. 
Although the Brookfield reflective model regards many views, it does not necessary give steps into how a reflection can take place, therefore within the Brookfield model, another model is used to guide the reflector. This model is the ARC, it will look at how the individual felt, remembering what happened and evaluating and analysing what happened. This will help keep the focus on what the reflector needs to look at. 


Ethical considerations
With any research, and especially with children, there are ethical issues which must be considered before conducting the research. To ensure that this research would be carried out ethically, we followed the guidelines set by British Education Research Association (BERA) (2011), the guidelines set by the University under the Ethics and Integrity Code of Practice (UWTSD, 2017) and EWC (2019) for the research ethics. 
The ethical issues that were considered before this research were the confidentiality and anonymity of the participants. Due to the research following three participants it will not be able to keep the anonymity of the individuals however, the confidentiality of the participants will be kept by not releasing the identities of the participants. 

I will ensure the only children to participating in the research will have consent from their parents / guardians (see appendix 5) and consent from themselves. No pressure will be given to children who are unwilling to participate in the research. If they wish at any point during this research to not participate anymore, they may do so. 

There are also risk to consider, such as allegations from the children who were not asked to participate, they may put allegations towards myself or my research partner, as they may feel as though the favourite children were chosen instead of them (BERA, 2011). However, as stated before, pupils will be chosen by their involved in Maths. Also, there could be possible accusation of falsification of data made towards us or possible conflict of interest where we may be bias due to the relationship with the pupils. Therefore, to ensure that no falsification happens I will ensure that no data collected will be false, and it will be discussed with my partner to ensure that we have the correct data.


Lesson 1 results and analysis 

The aim of the first study lesson was for the pupils to investigate weight by using the concrete object weighing scales. When arriving into the class, all children looked curiously at the scales, however none of them interacted with the object until told. Pupils stayed focused and went to find different objects to weight in the class, all pupils stayed on task and did not wander off. Throughout the lesson, individual students would interact with the different objects my investigating and testing the weight themselves instead of using the scales.

Empirical evidence suggests that Child A showed keenness in the lesson, by continuous engagement in answering questions from the teacher (see appendix 1). When instructed to find different objects to weight, they went to find different objects to find. However, when it came to involvement with the concrete object, Pupil A showed to be a little hesitant to get involved and decided to watch the other interact and investigate the manipulatives instead. This showed that although the pupil was shown to have an interest in the lesson by continuous involvement in answering questions from the teacher, the concrete objects did not engage the pupil as it was meant to. This may have been to numerous reasons, one of these reasons may have been that the pupil may have found the concrete objects boring, which seems unlikely as Pupil A showed engagement throughout the lesson, more than likely Pupil A did not interact due to thinking that they did not need to manipulate to know their weight, therefore did not need to interact with them. This could have been overcome by adding extra items into the task area. Another scenario could have been that the other pupils may have intimidated Pupil A therefore felt they could not get involved in the lesson or wanted to take the objects from the other pupils. This situation could have been overcome by allowing each pupil to have their own resource so they can investigate the different weights for themselves. 

On the other scale, Child B showed to be over-enthusiastic with the use of the concrete objects (see appendix 1). In this scenario, using the empirical evidence when asked to investigate the different objects to see which ones will be heavier and which would be lighter, Child B would take over from the other pupils. They were keen to get involved and investigate for themselves. This means that pupil B was so interested in the concrete objects that they stayed involved throughout the session. It interested them so much, that they decided to take over from other pupils. Although pupil B will gain mathematical knowledge, this is where their communication and sharing skills will be developed further as they need to learn to take turn instead of getting so invested in the items and taking over from everyone. 

Child B had a clear understanding in this lesson and believes it has been made easier by it being a practical way of learning, as they answered “no… because it’s on paper” to the question “If we hadn’t used the object do you still think you would have understood?” meaning that they would not have gained the same knowledge as they would have if this lesson had not been practical session (see appendix 2).  

In the introduction Pupil C, showed that he was uninvolved or uninterested in the lesson, from empirical evidence it was easy to see that they were more interested in what was around them instead of the instructions (see appendix 1). However, after the concrete objects were introduced the pupil soon showed an interest in the lesson and stayed focus. They were so focused on the task, that even when other pupils entered the lesson, they stayed focused as to what the teacher was instructing them. From the empirical evidence it can be seen that the concrete object helped this individual to stay focused and get involved in their own learning. The pupils showed involvement by interacting with the objects, although mainly focusing on two items. Empirical evidence showed that they were comparing the different weights of the two items. When others were lining the objects in weight, Pupil C sat back to observe, making comments on where they believe the item should be placed but not taking over from the others. 

The disappointing elements to this lesson was that pupils did not use any mathematical language, nor did they use any questions in their learning. This could have helped them in their mathematical development as it could link to the connections model, referring back to the literature review where concrete objects were used alongside mathematical language.

Lesson 2 results and analysis

During the lesson study two, pupils were to create a potion for Rapunzel to help her hair grow back. This was linked to the question as the pupils were to use measuring cylinders to measure the ingredients. Empirical evidence suggest that it was evident that the concrete objects help the pupils stay focused and involved throughout the lesson. When first introduced to the lesson and the different objects, every pupil showed an interest and they were intrigued before starting the lesson. When it was their turn to participate all pupils showed great involvement and enthusiasm throughout the lesson. To begin with, every pupil wanted to get involved and interact with the concrete objects straight away. 

Child B managed to stay engaged and involved throughout the session (see appendix 3). They listened to instructions, took turns well and stayed focused on the task throughout the lesson. When it was not Pupils B turn to observe, they stayed focused on the lesson and sat back to watched others get involved in the lesson, instead of getting involved themselves to help their partner in reading the scale. Instead of going over the top, Pupil B managed to control their excitement to measure out the ingredients correctly instead of rushing. This could be due to the fact that the concrete objects sparked an interest in the individual or because this individual is predominantly focused. 

However, there was a disadvantage to the use of concrete objects being used in certain situations. In this scenario, Pupil C got very excited and was keen to learn and take part in the lesson (see appendix 3). This particular task was partner work, Pupil C showed a great interest, where they liked to take the task into their own hands and would prefer to over engage in the lesson. They had to be continuously reminded to take turns and share with their partner. The concrete objects made the pupils lose focus on partner work and stayed focused on completing the task themselves. Although wanting to do the task themselves, after being reminded that it was partner work, they did allow the partner to work alongside them. However, they still managed to stay involved in the lesson as they were keen to help their partner read the scale. Although there are downsides of over-involvement in this situation, where the partner may not have had a chance to participate in the lesson, Pupils C did allow in the end to involve their partner. This was a good opportunity to help develop their social skills. 

In a turn of events, it does not always occur like this. Although, when first introduced to the concrete objects Child A showed a great interest, this continued for a series of time. They stayed involved in the activity when it was their turn to measure out the ingredients, however they would have been more than happy to watch their partner do all of the work. Child A had good understanding of the task, they were the only one to find the answer on how to find 200ml. It could be discussed whether it was not the concrete objects that disengaged the pupil, it was whether the task was too simple or easy for them therefore got uninterested. However, in the interview afterwards, when asked how to make the lesson better next time, they replied with “more stuff” to measure (see appendix 4). It could be said that pupil A found it slow to work with another pupil as they could not be involved all the time. 

Reflecting from the previous lesson we decided to adapt the lesson by encouraging to participants to use more of a mathematical terminology as little mathematical language was used in the previous lesson, this was decided to help further their development of mathematical language. This was achieved as the pupils were using the mathematical terminology “millilitres” and “litres”. 

The challenges faced with this activity was that it was the last week of school before the holiday, resulting in the pupils being excited but tired. As the task was different and exciting, the pupils did go hyper and very excitable. It was shown they were even excitable in the interview afterwards, where they answered some of the questions with a silly answer; “drinking it” to the question what they enjoyed the most (see appendix 4). This may have had an effect on the outcome of the involvement of the pupils. Which will be discussed later on this assignment.

It was soon learnt that in order for every pupil to be actively involved in their learning throughout the lesson, there needed to be more resources in order for all pupils to stay on task. However, that was not possible as the school did not have the necessary resources for the task. It was evident that by having the concrete objects, students who find it difficult to concentrate on the task were more engaged in their learning. However, as soon as it was not their turn, they soon got disengaged and uninvolved in the lesson instead of helping their partner or others. This could have been overcome by ensuring each pupil had the correct number of resources for the task. This would however have a knock-on effect on other skills that needed to be developed such as communication and cooperation skills. 

Discussion of research finding in relation to related literature and research. 

Linking our findings to research, with Pupil A in lesson study 1, as Dunn and Dunn (1999) states that not all children learn the same way. Therefore, with Pupil A they may not find that working kinaesthetically worthwhile, where as they may find that they get a better understanding through audio or through visual stimulus (Fleming and Baume, 2006). This was seen as they were thoroughly involved and engaged in answering questions but as soon as they were meant to interact with the concrete objects, they sat back to allow the other pupils to interact with them. Having said this, this may not have been the case, it may have been that the pupil was too timid to participate with the others there. Another link to theory could be that with the overuse of concrete objects, in this instant, the pupil may have found that they have used too much of this object, therefore does not find it worthwhile in their mathematical development (Out Of The Box Teaching Ideas, 2019). However, when asked about what they enjoyed about the lesson, Pupil A replied with “enjoyed the weighing scales” (see appendix 4) therefore they must not have found the objects boring. It could be said that pupil A was more timid than the others with trying to discover the objects themselves. The possible solution to help this pupil move on is to link to the connection model by introducing more mathematical language and possible symbol representing Kilograms and Grams (Haylock and Cockburn, 2008). 

Another finding found that links to recent literature using the two pupils who over-engaged with the objects (Out Of The Box Teaching Ideas, 2019). This links to the theory stated earlier, where they believe that sometimes pupils can get more engrossed in the concrete objects itself rather than the lesson taught. They may have lost focus on the lesson objective than rather focus and more involved in the objects itself. This could also be linked in with the VAK theory, where pupils learn kinaesthetically. However, pupils may have found that it was a way of distraction and decided to fiddle with the objects instead of learn achieving the lesson goals.

A good example where concrete objects were able to involve a pupil in their learning is Pupil C in Lesson Study 1. This is where the pupil was not focused when the lesson was being introduced, but as soon as a concrete stimulus was introduced their focus changed to the learning (McNeil et al, 2009). They had continuous focus throughout the lesson, without getting distracted from the other pupils when they came into the classroom. They stayed focused on the lesson, and interacted with the objects well, focusing on weighing two of the objects. Without the help of the concrete stimulus, it could be said that Pupil C would not have taken an interest into the lesson. Having said this, it could be possible that the pupil was just adapting to the new environment before getting into the lesson. Linking back to Piaget theory on constructivism, Pupil C had the chance to discover and test the concrete objects first before thinking abstractly about the lesson and thinking about grams and kilograms (Halpenny and Petterson, 2014). Even Pupil C agreed with this as when asked about if concrete objects were used would they understand pupil C replied with “no because grams and kilograms are harder”. Therefore, felt as though he needed to manipulate the objects first before moving onto cognitive thinking. 

Conclusion

To conclude, this research has many strengths to this form of research is that from empirical evidence suggests that it does involve pupils who may not necessary always get involved in lessons which don’t involve participation (Halpenny and Petterson, 2014). Such as Pupil C in lesson study 1, from empirical evidence it was seen they were not engaged in the introduction, however once the objects were introduced, they were very involved in the lesson.  

It was shown that different skills can be developed through this form of lesson, not only can they develop their mathematical skills, they can also develop skills that will help them to communicate with others. These skills are particularly important with individuals who feel as though they need to take over in the lesson, such as Pupil B in Lesson study 1 and pupil C in lesson study 2. They were given opportunities to develop their communication and sharing skills.

However, the disadvantage of this research is that it was conducted at the last week of term, which resulted in the children being tired but also very hyper. Thus meaning the results taken may have been effected as if the pupils were tired they may not feel as though participating in the lesson would be beneficial or even if they were excited, they may have over-engaged in the lesson, allowing little input from their peers. 

Another disadvantage would be that if the pupils were given enough resources to participate in the lesson the outcome might have changed especially with pupil A in lesson study 1 and pupil A in lesson study 2. If these pupils had been given a chance to get involved with their own resources, a different outcome may have occurred (Out Of The Box Teaching Ideas, 2019). 

The findings we found can be deemed as reliable as the source of the data came from myself and a research partner and no falsification of data would have been made. Having said this, as stated earlier in the discussion about observation. As only one individual is observing the session, their view may be perceived as bias or they may have missed certain instances, thus resulting in the data collected being misleading. The reliability can also depend on the response of children in the focus interview, it must be taken into account that from the time of the observations the children may have different response due to the day that they’ve experienced. Therefore, it must be taken into consideration how well they’re day has been as they may not respond in the appropriate manner, as this may change on another day.

It can be questioned whether the results found are valid within the focus group interview as some pupils may find it difficult to have a perfect recall from their session. This can be overcome by conducting the interview straight after the observation to ensure that nothing can affect the pupil’s response. As the interview will be undertaken after the session, they may have a chance to rationalise their behaviour and feelings which may have been slightly different to have they felt at the time. Children may lie in the interview and reply with an answer to please the interviewer. On the other hand, by having an individual unknown to the participating children come into the lesson may result in the pupils not answering the questions or too nervous and timid to reply with an appropriate response. However, as long as selected pupils are chosen, these problems can be somewhat overcome. 

The findings found can be generalised towards others as the Curriculum in Wales is following the Donaldson (2015) report where Donaldson puts a huge emphasis on the development of children learning through action. Therefore, it would be useful for the knowledge of concrete objects to be known to other members of staff. It would be useful to use in younger years especially Foundation Phase, but with the new change of curriculum, Key Stage 2 may now be adapting a new lesson layout.

If this lesson study was to be conducted again, to move forward I would ensure all pupils were given an opportunity to have their own resources to participate in the lesson. This would have given us a better understanding of how involvement from pupils can be improved from the use of concrete objects. As stated before, it could have involved other pupils who sat back to watch the others interact with the concrete objects. 

Practice will be shared with my research partner, the University and the staff in both participating school if they wish to receive the information. At no point will any raw data be posted anywhere, it will be destroyed once annotated (UWTSD, 2017). 
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