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Case Study Report on Lesson Study Carried Out in Primary School

The irreducible learning core in Mathematics with a focus on overcoming barriers in number.

St Aloysius Catholic Junior School, London NW1
Audience:

Teachers in Years 3 to 5
Maths Subject Leaders

Senior Leaders
Key Focus of Study:
Using Lesson Study as our approach, we have been assessing children’s learning, in particular their understanding of Place Value and their partitioning of number in Year 4 (and continuing into Year 5).  Partner teachers have been observing each other as they use new teaching methods. We have been paying particular attention to a group of 6 students (3 in each class) that we had identified as insecure learners.  We paid particular attention to those children who achieved level 2C at the end of Key Stage 1.  All 6 children identified are or have been in receipt of additional support due to their levels of achievement.  We decided to focus on the key skills which we identified as holding them back from making effective progress in number. These key skills involved Place Value and partitioning, as well as basic number facts (i.e. number bonds, and times tables).
Section A: Context and overall aims 

Historically we have had a 10% gap between maths and English attainment L4+ at end the end of KS2. Those pupils not progressing from Level 2 to Level 4 were almost all those attaining Level 2c at KS1.  The school is located in area of high deprivation with 46% FSM, 90% of pupils in 20% of most deprived wards (IDACI) 31% SEND, 76% minority origin, 63%EAL,  and attendance of 94.71% over the period 2010 to 2011. 
However, the pupils enter our junior school showing high attainment.
Our Lesson Study group, its strengths, experiences and expertise: all the children involved are extremely keen to learn/improve attainment but there is an overall lack of times tables knowledge and speed of recall.  Therefore they find number facts difficult to apply to logic problems or challenging concepts.  They seem to have mental blocks to blocks of number (partitioning).

St Aloysius’ Lesson Study Group:

Two Year 4 Class teachers

Maths subject leader

Headteachers

Six Year 4 pupils
Section B. Our aims for the Lesson Study, the class(es) and case pupils we worked with
Those aspects of mathematics we were trying to improve included: 
- Place Value, particularly partitioning, along with some sequencing to reinforce Place Value
- Recall and use of number facts when multiplying (again with reference to Place Value).

What made us choose to focus on this:

· we recognised that as a school too many pupils seem to have a weak grasp of Place Value and applying number facts to calculations

· we had also already begun a piece of work on identifying the ‘Irreducible Core’ (alongside our sister Infants School).
Our overall aim for this lesson study: 
· to provide useful, positive feedback to the Lesson Study group on learning in these key areas

· to learn from this in order that we can feed back our observations to the teaching staff at our school  
· to keep all teaching staff aware of our findings which should then inform general school planning, teaching and learning

· to improve the way pupils learn: number bonds, partitioning and the recall of number facts
Research and materials we consulted and decided to use: 

· papers shared across the wider Lesson Study group 
· various Ofsted papers 

· findings from internal surveys carried out amongst staff and general attainment levels.
The Year 4 case study children:
In Class A:

BK – Very articulate yet has been getting extra maths input after school; lacks confidence and appears to have made no discernible progress since Year 2, stuck at level 2B.  Finds recalling number bonds a struggle and has not managed to learn many times tables. A Spotlight child who has been identified as having academic potential but is underachieving
GA – speaks Italian at home, lacks confidence and has shown no discernible progress since Year 2, stuck at level 2B.  Finds number bonds a struggle and has not managed to learn many times tables.  Has started to show improved confidence and offer ideas and answers but often makes incorrect assumptions, needs much input and re-teaching of misconceptions.

JS –has managed to move up to work at level 2A and showing progress to level 3C, still lacks a lot of confidence and has big gaps in understanding of number.  Tries really hard to learn times tables and number facts but still struggles to recall correctly,  and cannot apply number facts to problems solving.
In Class B:

BM – receiving extra blocks of maths input after school.  Has been stuck on level 2B since year 2; does not receive any input from home but is a willing student, eager to learn and to raise attainment levels.  BM stills finds it difficult to assimilate new facts as there is an insecure basic understanding of number including Place Value and partitioning.  BK has a fairly good grasp of about half of the times tables.  

LE – speaks Vietnamese at home and finds it difficult to accept parental help because of the differences in approaches to numeracy.  LE lacks focus in lessons which has led to a levelling out of attainment and periods of great frustration.  LE has a good grasp of times tables and number facts but is unable to transfer this to partitioning and mental methods of calculation.  LE is moving towards upper level 2 but has the potential to make greater progress.

RT – enjoys numeracy with a good aptitude to learn and repeat a method but shows little or no understanding of the underlying concepts and is unable to answer questions to show understandings.  Therefore RT cannot apply what he knows to problems unless they are presented as a requiring the use of a specific method such as column addition; continues to be stuck around level 2B.

Section C: Impact on pupil learning and progress

We used much more practical approach to the teaching of maths. We incorporated Base 10 resources, hundred squares, counters, etc into the classroom to give pupils more opportunity to play with the practical resources and go back to learn some of the structures that they had not acquired earlier.  We focused on learning the basics and building up the pupils’ knowledge and understanding of maths within the ‘Irreducible Core’ of knowledge which as a school we had identified.  

We also constructed simple cards outlining the key facts which we expect each pupil to achieve by the end of each academic year.  We have found that this more formulaic form of learning does help those pupils who struggle to apply mathematics, highlighting their lack of grasp of the key facts, number bonds, etc. Over time pupils have begun through repetition and ongoing practice to improve their recall of facts. 
We found that as pupils developed a more secure knowledge of number facts/bonds/etc they became better able to apply these to the solving of problems.  Giving students greater opportunity to visualise numbers through the reintroduction of practical resources helped them to become more familiar with the construction of number and the place value system.  

Quotes like “I like playing” and “I enjoyed maths when we used dice” serve to reinforce the idea of more practical approaches making an impact on learning; we coined the idea of ‘stealth’ learning.  It was as if the children were not aware that they were learning, as they explored maths through the practical resources we made available to them.

Section D:  Impact on practice and future teaching

In the future we plan to use this lesson study in two ways, although we are prepared for it transform and take different and unexpected directions. 

Firstly, we plan to use it as a way of showing other teachers how useful lesson study is in enabling teachers to get a better understanding of how pupils learn and how different teaching methods/styles can influence their learningSecondly, by sharing our findings with other staff, we want to support them in their own teaching and learning.

A number of actions have been drawn up as a result of our Lesson Study:

· we plan to make greater use of the ‘simpler’ mathematical tools e.g.  Base 10 greatly enhances the learning as children are able to visualise number in a context.

· We plan to look more closely at the role of discussion in mathematics lessons. Pupils benefited greatly from an opportunity to share, explain and discuss their understanding with their peers.  While there are plenty of opportunities for discussion within any given lesson (e.g. talk partners/buddies, sharing on the interactive whiteboard, role plays, flip cameras, displaying work through scanners/visualisers) we want to look at the extent to which particular groups of pupils engage in discussion and how we might introduce scaffolded dialogue to provide a structure and to strengthen pupils’ use key vocabulary.  

· we are planning to introduce a more open approach to questioning in our teaching. This approach not only benefits the more able as they begin to challenge themselves and their peers, but it offers a more effective way to bring the less able into an exploration as they can provide answers to questions that they would not have been able to answer before.
As a result of the Lesson Study, the whole school has taken on the idea of an irreducible learning core in Mathematics.  We have worked hard to achieve a shared understanding of what we expect to be the basic knowledge levels for pupils throughout the school, producing ‘crib cards’ which give the pupils tangible and reachable targets that they can tick off as they move through the school.

We have also decided to introduce lesson study throughout the school. We have found that it provides an opportunity for teachers to observe closely a target group of pupils’ learning. This has already enhanced our understanding of how children learn, how they perceive us as teachers and what they do and don’t expect us to do.  This has led to much more interactive maths involving quick-fire number games and mental warm-ups, not only in numeracy lessons but throughout the whole school day.
Section E: Our first research lesson
We wanted pupils to understand and apply partitioning in different ways to support addition (‘teeny’ partitioning – see attached plan).

We used the following teaching approaches: 

· mental maths games (what’s my number, table bonds, table tennis),

· repeated practice of partitioning two-digit numbers in different ways

· modelling of partitioning

Findings and conclusions

When we discussed the lesson we discovered that the case-study pupils enjoyed a new, refreshing approach to partitioning.  BK loved the teeny partitioning, showing a faster aptitude than some of the identified more-able pupils.  However, all the pupils still needed much more input/practice to consolidate learning.

The reaction of pupils in the class to the partitioning varied. It showed clearly a number of unexpected holes in some pupils’ understanding of partitioning.  We noted that some pupils drew on their excellent knowledge of times tables and number facts to adapt calculations, so had not previously really used partitioning as a mental method.  Others were still consolidating their partitioning methods so initially were confused by a new method.  About half the class said they would like to do more work on teeny partitioning and that they could see how it could be useful for mental maths.

We agreed that it was important to make it clear when to use alternative methods of partitioning and whether or not adding to an established method merely clouds the issue for some children or helps for others. We also wanted to learn more about how best to introduce and teach alternative methods.
When we interviewed the case study pupils we learned: 
GA thought they had done really well when in fact they had got most questions wrong.  Children seemed to think that maths was all about getting answers correct and did not feel that they had been developing their understanding of the concept of place value and partitioning.

Comments from pupils included: 

 

“It’s quite easy and fun to do”



“I want harder numbers”



“I enjoy learning new ways of doing mental maths.”

Pupils were keen to learn more and wanted to try the method out with larger numbers.  They all said that they had enjoyed the maths lesson and were feeling more confident. 
This lesson highlighted the insecurity in many pupils’ knowledge of number facts and relationships (sequencing, times tables, etc), against the inflated opinion some pupils have about their level of knowledge and understanding.
Our next research lesson would focus on:  
Patterns, relationships and properties of numbers; explaining methods and reasoning (orally and on paper); using words, diagrams and symbols.

Section F: Our second research lesson – our planning, delivery, observations and analysis meeting 

We wanted pupils to learn more about using alternative ways of partitioning and experimenting with numbers to recognise how an understanding of place value provides the building blocks for numbers and calculation, in this case addition (see attached ‘brief’ plan).  The whole emphasis has been on partitioning with daily games and tasks related in some form of partitioning. While these lessons do not seem to link directly to partitioning, the pupils were encouraged to use what they had learned previously and to explain their methods and solutions using mathematical vocabulary relating constantly to partitioning and place value.  They are comfortable with being able to partition number in any way they liked, as long as they were able to explain their reasoning.

We used the envelope game where children had to identify the numbers placed in 2 envelopes. This involved the use of: 
· Explanation and reasoning
· Individual whiteboards
· Shared partner/small group discussion
· A focus on use of key mathematical vocabulary for reasoning orally
· Feedback and explanation



One teacher focused on the lower-ability children all working on one puzzle to solve together, noting reasons given by children.
Note: the Envelope Game involved two envelopes, labelled A and B, a set of 0-9 digit cards.  Two pairs of digits are selected at random, and unseen are put in the A and then the B envelopes.  The children are given the 2 totals of the number pairs in each envelope.  They are to determine what possible pairs of digits might be in the two envelopes.  This can be differentiated in many ways. 
Findings and conclusions

When we discussed the lesson we noted that: 
GA still has the least confidence of the 3 pupils.  She is now able to use the mathematical vocabulary, particularly for Place Value.  She is attempting much more on her own but is still reliant on her talk partner showing her the first couple of examples.  She will continue to benefit greatly from more discussions and practice.

JS, whilst being confident, is still making a lot of mistakes in his work. He assumes that he now knows the correct way to do things and hurries to finish.  As a result his work can often be confused but he is able to explain his reasoning clearly with logical steps of progression.  He needs constant reminding to talk through the problem to become clear about what he needs to do and to check with an adult what the task or problem entails.

BK has shown some increase in confidence and is able to apply his knowledge of partitioning in various ways.  Of the 3 pupils, he was the quickest to grasp ‘teeny partitioning’ and to use it in his work.  He is now fixated upon it, having learnt a system he will stick with it.  He is now keen to learn other ways to calculate.

All 3 pupils continue to benefit greatly from increased opportunities for discussion, sharing ideas and paired work in partnership with those slightly more able children. These children are able to explain the work to them or to help them with the first couple of examples.

More of the pupils were able to express themselves clearly using the given vocabulary. They were not afraid of expressing/explaining their reasons for choosing a particular partitioning strategy.  About half the class use place value and partitioning with confidence. As well as teeny partitioning they were now experimenting with other forms of representation e.g. turning 76 into 50, 25 and 1.
The class teacher now plans to focus more on pupils who still lack confidence with place value. He will work with small group focusing on modelling number structure, understanding and use of vocabulary and reasoning.  We have noted that pupils are benefiting from a change of emphasis in our whole-class approach making more use of open questions and tasks, and by placing a greater emphasis on verbal reasoning.  We have already introduced lots of mental maths games across the school, along with regular short mental maths sessions in differentiated books.  This more back-to-basics approach is beginning to provide a baseline for building the children’s learning. Many are now showing greater understanding of number.
When asked what the children enjoyed most about the lesson they said:

JS: “Working out the answers … because it gave us a chance to think for ourselves and put our own knowledge into it.”

BK: “You get to kind of guess, I liked using my brain.”

GA: “Counting the squares made it easier. “ The practical resources that were used had really helped GA to tackle the mathematics. 

The children all really enjoyed the solving the envelope problem. 
BK, JS were keen to explain their choices of number.  
GA was less sure but actually got the correct combination of numbers.  She wasn’t able to explain her reasoning in front of the class but could a little later in a 1-to-1 situation. She also explained how working with a peer had helped her:  When I got the wrong answer … my talk partner explains it to me to help.  GA would definitely benefit from more opportunity to listen to and frame her own verbal explanations and to work collaboratively with a child of a slightly higher ability to ‘lead’ her until she is able to work more independently.  GA is very keen to work unaided when feeling more confident. She has demonstrated this in other curriculum areas.

All three children are showing greater willingness and were better at explaining their reasoning. In varying degrees, this is feeding back into their confidence and understanding.  When asked what they would like to do next: 
JS: “The same thing but with bigger numbers.”  
BK: “I want to do harder ones.”
GA needed a lot of adult input in the lesson, lacking a logical approach to problem solving.  She is an early stage in knowing and recalling times table facts and this held her back at times.  She was given a times tables card that are on display around the room but she seems to feel that this isn’t acceptable, preferring to soldier on quietly.  When she did get a correct answer, GA was visibly pleased and happier, keen to share her answer with the rest of the class.

JS made good progress in the lesson.  It took him a while to grasps the concept involved, but with help from a TA, he became more secure with them and he felt able to explain his ideas to his talk partner (unaided). He was unsure of how to apply his knowledge of number bonds to the envelope game at the start of the lesson, but grew in confidence in the main teaching section of the lesson.  He was able to work systematically and logically, explaining his working and ideas as he went.

BK was also able to explain himself well although does not have a secure understanding of number bonds up to 20.  After much input from the teacher, he was able to apply a more logical approach to solving the problems but did need guidance at every stage.  He did show an overall systematic approach and needed a lot of prompting. As with GA, he is still at the early stages in learning times tables facts.

Our next research lesson will focus on: 

Exploring what happens to a number when it is multiplied by another number; again giving emphasis to the openness of the task and the opportunity for pupils to decide on and compare their approaches.  This will be in the parallel Year 4 class so the teaching and observer roles will be reversed for the next 2 lesson observations.
Section G: Our third research lesson – our planning, delivery, observations and analysis meeting 

We wanted pupils to build on their knowledge of partitioning (in its various forms) and secure their understanding and use Place Value.  The focus would be on to applying their learning to deepen their understanding multiplication. We wanted the pupils to explain their reasons for using different methods and to feel confidence to attempt more challenging calculations without adult help.  The overall learning objective of the lesson was ‘to explore what happens to a number when it is multiplied by another number.’
We used:

- mental maths games (Times Table Tennis) 
- repeated sequencing of 2, 5 and 10 tables 

- number base blocks (Base 10)

- methods of recording informal mental calculations
Findings and conclusions

When we discussed the lesson we noted that: 

BM was able to multiply 2-digit numbers by 10 with some prompting, showing some understanding of Place Value and partitioning but was unable to explain why partitioning might be useful. BM finds verbal reasoning and explanations difficult being quite shy and lacking a lot of confidence in his own abilities, shrinking back and avoiding eye contact.  
BK seemed confused about when to multiply and when to add, mixing up the two symbols. BK also relies a lot on counting on fingers in ones.

LE was able to multiply 2-digit numbers by 10 easily but refuses to show any form of working out.  When quizzed, he showed no understanding of the concepts of Place Value involved in multiplying by 10.  LE had learnt that ‘adding a zero’ worked.  He particularly enjoyed using the Base 10 resources which helped unravel his muddled understanding of partitioning numbers and aspects of Place Value.

RT multiplied 2-digits by 10 successfully but showed no understanding of the reasons for why what he did worked.  RT had also learned that ‘adding a zero’ worked. RT enjoys pure number work and benefits greatly from using tools and games, i.e. dice and number fans or cards which save him a lot of time when involved in making decisions. Recognised that partitioning was a useful concept but not confident in explaining how it helped. RT also relishes the idea of competition.

In general, the pupils were able to apply methods of multiplying.  Many of them started off by saying that multiplying by 2, 5 or 10 was very easy. However, later in the lesson they were able to explain what happened to the numbers as they multiplied, using the correct mathematical vocabulary. This helped them to scaffold their thinking and by the end of the lesson they were becoming more systematic in their approach and reasoning.  They were nearly all agreed that by the end of the lesson they had a deeper understanding of multiplication, especially by 10. More pupils understood and could explain why multiplying by 10 does not simply mean ‘add a zero’ or ‘just move all the numbers along’. 

We wanted pupils to learn ways in which we could help pupils to visualise how numbers changed when multiplying them by 10. We wanted them to understand that numbers represented quantities, and when we multiply these quantities change. In our case they increased as we scaled them up.
Many pupils said that they could already multiply by 10, indeed many demonstrated very quickly that they could but when asked to explain their reasoning, had to be prompted to use mathematical vocabulary.  All bar two pupils seemed to explain the operation of multiply by 10 as ‘you just add a zero.’ Whilst this strategy often works, we wanted the children to apply their understanding of place value. 
We were keen to get pupils to explore what happens to blocks of number when you move them around the number line.  We planned to extend the operation to multiplying by factors and multiples of 10.  This meant that they were able to find 5 times any amount by simply multiplying by 10 then halving.  It quickly became apparent that there was a big gap in confidence with number between some pupils and the rest.  Therefore, we decided to do much more open, exploratory and practical work to develop pupil’s understanding of number, place value and partitioning.  This would also allow the more able pupils to enhance their learning by providing them with many opportunities to explain their own understanding and to share it with their peers.
When we interviewed the case study pupils we learned that all three case study pupils enjoyed using dice and making numbers.  They preferred this to having to think of 2-digit numbers which they found to be too difficult as they could never choose them.  They also found multiplying decimals challenging, reflecting their poor understanding of Place Value.  When we looked at their work, both BM and RT relied heavily on the squares on the page to help them with moving digits.  Only LE was able to break free from this constriction, showing understanding of how to multiply by 10 even if unable to provide a clear explanation of the process and underlying structure.  
RT claimed that he didn’t like 10s, he preferred to use the times tables which he had been working on recently at home.  RT does not like to attempt too many things at once, relying heavily on ‘copycat’ methods which do not require much understanding on his part.
BM continues to show a confused understanding of multiplying and place value; “I can add up to 100 because it makes me understand more about multiplying.”  He looks forward to more use of Base 10 but recognises that he needs to really practise his times tables more.  He agreed that he gets frustrated by not being able to answer number questions quickly, that he feels held up by his lack of knowledge.  He wants to work hard so that he can “be smart.”

RT reiterated that he would like to: “use multiplication more, like the ones I learnt today. I’d like to see how to do it with other times tables like the 7s and 9s.”  He seemed confused when answering questions, starting enthusiastically but quickly grinding to a silent halt and saying: “I don’t know” several times.  We were unsure if this meant that he lacked any real understanding or whether he lacked the vocabulary to explain his reasoning and/or understanding.

LE: “I learnt that when you multiply a number it goes much bigger” but that “If you add a number it just stays a lot smaller.” He showed some understanding but had great difficulty in articulating his thinking and ideas: “timesing more bigger like 20 times is twice, something like that.”  He could multiply by 20 using multiplication by 10 and doubling and was for the first time getting some way to explaining how he did it!
All three were keen to point out that if they could understand it then they could well be “asked to go up and show the others”.  Whilst BM is very shy and would not necessarily relish this, both RT and LE said they enjoyed explaining to the rest of the class. They also felt proud to be part of the lesson study (especially when we informed them that it would continue into the next academic year).
	Appendix 

LESSON PLANS

	Lesson 1 Teeny Partitioning

	Learning Objectives
	Success Criteria
	Vocabulary 
	Teaching Activity
	Independent Activity
	Plenary
	Resources 

	WALT: 
Use ‘teeny’ partitioning to subtract.
	I can:

partition any 4 digit number;

partition any 2 digit number differently;

use partitioning to subtract;

record my working out.
	Partitioning

Place value

Digits

Decimals

Units

Tens

Hundreds

Thousands

Tenths

Hundredths


	Starter: quick number bonds game (to 20).
Main teaching:

Show a series of numbers, children to partition them into various amounts,

i.e. 5439 = 5 thousands+4 hundreds+3 tens+9 units.

or 54.39=5 tens+4 units +3 tenths+9 hundredths

Show 2-digit number, partition normally:

24=2 tens + 4 units.

Are there any other ways you could partition this number? E.g. 24=2 twelves or 4 sixes.

Give pairs time to investigate how 24 can be made up in any way possible.

Play Tennis game to 10 (i.e. 9 = 5+4, 8+1, 6+3, etc).

How would you use partitioning to subtract 7 from 35?

Can you subtract 7 from 5?

Can you think of another way to partition 35 to make it easier to subtract?

	Model how to record teeny partitioning method on the board:

[image: image1.png]7=28




Children to subtract numbers ending in 6, 7, 8 or 9 from numbers ending in 1,2,3,4 or 5.
Must: subtract 1-digit from 2-digit numbers.

Should: subtract 2-digit from 3 digit numbers.

Could: explain why this method is no good for 354-87.  How would you calculate it?

Remember: you cannot subtract a larger number from a smaller number.


	How could we partition 102 to make subtracting 17 easier?

Invite children (not spotlight if poss) to write method on the board, spotlight children to explain as they go.
Remind children that they can’t subtract a larger number from a smaller number.
	Blocks

Worksheets

Whiteboards




	Lesson 2 Problem Solving

	Learning Objectives
	Success Criteria


	Vocabulary 
	Teaching Activity
	Independent Activity
	Plenary


	Resources 

	WALT 

Use reasoning to solve a number problem.
	I can try different ways to solve a number problem.

I can explain to someone else why I have solved the problem in the way that I have.

I can use mathematical vocabulary to explain my thinking and methods.
	explain, predict, reason, 

add, multiply, sum, total, plus,  product, times,


	Starter: Envelope game (2 envelopes –A & B, 10 digit cards, pick 2 card each then put in envelopes.  Children to work out/guess what number might be in both envelopes.  Explain reasoning.)

Write 3 circles on board = 15

What is the value of each circle?

Change the answer to 21, 27. What number do the circles represent now?

The 2 circles and a triangle =12. What could the triangle be?

Children make own examples.

Main: Show grid from Talk Maths ‘crack the code’ pg 36.

Where would be the best place to start? Why? Could circle be 6? Why not? (fill in row of circles and other circles) Which one could we work out now?(fill in squares)
	Children work out code for similar puzzles.

LA: Smaller numbers. Work with TA on carpet.

A:  A and B larger numbers.

MA: B-D (c-d-no row of 4 similar symbols)

Extension: make own puzzle and partner solves it.

Teacher-MAs-focus on reasoning when there is no row of 4 the same.
SEN/EAL: continue to work on shape dictionaries.
	MA show children how to solve a puzzle when there is no row of 4 numbers.

What was the first row/column you tried to work out? Why? How did it help you?
	Talk Maths pg 36

Puzzles a-b (1 easy numbers/1 harder numbers)

(puzzles c-d)



