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LESSON STUDY RESEARCH REPORT

The irreducible learning core in Mathematics, with a focus on the role
of place value in calculation

Carlton School Lesson Study Group

Carlton Primary School, London Borough of Camden, United Kingdom

Abstract

Background: Carlton Primary School serves a diverse population: 75% of pupils do not have English
as a first language. Approximately 35% of pupils are on the SEND register. Several groups of pupils
had been identified as underperforming in mathematics.

Aims: Our main aim was to Year 3 pupils’ understanding and misconceptions around place value —
part of the irreducible core of foundational concepts in maths. Children with difficulties in
understanding place value find it difficult to make progress in other areas of mathematics
particularly calculation.

Methods: Lesson study was used, with three case pupils selected. Close observation allowed us to
identify misconceptions and difficulties with place value and in manipulating numbers and to explore
the impact on learning of various models and images, to help children to become more competent in
calculating. Discussion and analysis after each lesson provided essential insights and informed
planning of subsequent learning activities.

Findings: Through the lesson study process and close observation of case pupils, we found some
startling gaps in some children’s understanding of place value which was impacting on their ability to
perform calculations, and therefore limiting their progress. We identified children whose progress
may suffer as a result of these misconceptions and developed action points to address this.
Targeting support in this way through ‘precision teaching’ helped improve learning outcomes for
these pupils.

Implications: Lesson study was very effective, and the opportunity to make close and focussed
observations of case pupils provided valuable insights into their learning. The importance of under

standing individual learners’ misconceptions and difficulties raises the question of how best to gain
these insights across a whole class. We have made changes to the planning and teaching in Year 2 to
ensure that children assessed as ‘secure’ at Level 2 do not in fact have gaps such as those
highlighted in this study, and have introduced a programme of precision teaching by the
Mathematics subject leader to selected Year 3 pupils so that they will progress quickly to Level 3.
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This report emerged from a programme of lesson studies that took place in 2012-2013 and was published by Lesson Study
UK (https://lessonstudy.co.uk). In 2023 it was reformatted and archived, together with a structured abstract, by Camtree.




Context

Carlton Primary School is a 2-form entry school from Nursery to Year 6. The school has
approximately 400 pupils on roll, of which around 80% are eligible for Free School Meals. Around
80% of pupils are from minority ethnic groups and around 75% of pupils do not have English as a first
language. Approximately 35% of pupils are on the SEND register.

Attainment when pupils enter the school is low. When pupils reach the end of KS1, attainment
in Mathematics and English is broadly in line with National Expectations and this is the case too at the
end of KS2. Pupils’ progress over KS2 is above National Expectations.

Vulnerable groups who have been identified as under-performing in Mathematics are girls

(particularly Bengali girls) and white-British pupils.
Carlton’s Lesson Study group:

R: Mathematics Specialist Teacher, Mathematics Subject Leader.
J: Six years of experience teaching in Year 3 and 2
F: Recently qualified, with experience in Year 3, 4 and 5

Aims of the Lesson Study, Classes and Case Students

Those aspects of mathematics we were trying to improve:
e Year 3 pupils’ understanding of place value
What made us choose this focus:

e Place value is an essential part of learning in mathematics; it forms part of the irreducible
learning core we have been looking at in the school

e Children with difficulties in place value find it difficult to make progress in other areas of
mathematics particularly calculation

e Year 3 children have had particular difficulty using a number line to carry out calculations
particularly when crossing the tens barriers

Our overall aim for this lesson study:

e To address children’s various misconceptions and difficulties with place value and in
manipulating numbers
e To explore the impact on learning of various models and images, to help children to become

more competent in calculating.

Research and materials we consulted and decided to use:

e Dienes blocks, arrow cards, 100 squares, number lines, Numicon.
e Research on the representation of number: Anghileri, J. (2006) Teaching Number Sense.

London: Continuum.



The Year 3 case study children:

e A:awhite British boy. He is on the SEN register for EBD. He entered Year 3 assessed to be at
Level 2B in Mathematics. He has difficulty with written methods, because of difficulties with
organising his work, not being sufficiently systematic and having poor handwriting.

e B:an EAL girl who is falling behind. She entered Year 3 assessed to be at Level 2B in
Mathematics. She has difficulty retaining her learning; she gets confused and mixes up key
concepts. She also has difficulty using and applying her knowledge. She seems to have some
big gaps in some of her foundations of Mathematics including place value.

e C:aBangladeshi girl who is falling behind. She entered Year 3 assessed to be at Level2B in
Mathematics. She has difficulty retaining her learning and gets confused as she has insecure
conceptual understanding. She also has difficulty using and applying her knowledge.

First research lesson (RL1)

We wanted children to learn more about deriving and using addition facts. We focused on the
following facts:

e SEN children: remember number bonds to 10

e |ow Attaining: how to add 10 to a number using the place value of the number

e Medium Attaining: how to add or subtract multiples of 10 to a number using place value

e High Attaining: how to check that their addition and subtraction work is correct and when to

make necessary corrections

We used the following teaching approaches:
e modelling work in number by teacher and children’s peers
e introducing a range of models and images

e strengthening child-initiated explanations

Starter: all children, with whiteboards, undertake quick mental addition of single-digit numbers, focus
on using mental recall.
Main teaching: teacher to encourage children to choose from a range of provided equipment
(Dienes, arrow cards, 100 square, number line) and ‘show’ some two-digit numbers. What does each
representation show us about the number? Teacher then to ask children to add 10 to the number,
children write answer. Children are then to represent the addition of 10 using the equipment /
apparatus. Teachers to ask: What does adding 10 look like? What does it ‘do’ to the number? What
do you (the children) notice? Repeats the process with other 2-digit numbers.
Differentiated activities:
e SEN —using Numicon to demonstrate number bonds of 10 and start to memorise facts (works
with TA)
e |ow attaining - to add 10 to numbers including application to word problems, followed by a
challenge to add multiples of 10
e Middle attaining — adding multiples of 10 including application to word problems, followed by
a challenge to subtract multiples of 10



High attaining — mixed word problems involving addition and subtraction of 2-digit numbers —
focus on checking, identifying and correcting error

Plenary: teacher makes errors, do children notice? What has gone wrong?

What happened? (Information from observing, work completed in lesson, interviewing case pupils)

Boy A:

Girl B:

Girl C:

Was very confident and able when using number facts and bonds — this is progress from
previous lessons.

He was able to represent numbers in different ways — showing understanding of place value.
Question to follow up - Is his problem in applying this learning or is there some other
difficulty?

Could add 10 but as soon as a new concept and context was introduced, went back to
partitioning and was not using any knowledge of place value to calculate more quickly.

Did a lot of copying and looking at other children for reassurance when on carpet, clearly
lacked confidence

She could use number bonds and strategies for numbers whose sum was 10 or less. She
struggled with 8 + 9 and she eventually used fingers. Question to follow up - Could not apply
taught strategies?

When writing numbers that were greater than 10 e.g. 3 tens and 3 units, she looked for
support of other children’s first before answering.

Did she not know the answer or did she want to check?

Question to follow up - Could she use Dienes to ‘show’ 25 correctly?

When working at table: again copied answer from others.

17 + 10 = 18 — shows difficulty with place value.

33 + 10 she used fingers — not making links in learning between place value and calculating.
Started to get hang of adding 10, but as soon as went on to adding multiples of 10 — struggled
again. She appears to need learning to be broken down into one step at a time.

Whole-class learning:

SEN children could not carry out Numicon activity as planned as TA was not present to
provide support.

Higher attaining children thrived — worked independently.

On carpet — higher attaining children did not need input as planned.

‘Middle’ children who had misconceptions made mixed progress. Some still need the models
to support them and would benefit from more practice / consolidation.



Conclusions:

e Some children in class are underachieving. They had problems with some of the foundations.
They need things broken down into small steps. Given too much information they appear to
be overloaded and resort to earlier methods like using fingers.

e Using and applying knowledge was the difficulty for focus children. They could represent
numbers using the structural apparatus, but could not apply this knowledge to carry out
calculations without making mistakes or having to use basic counting strategies.

e The higher attaining group thrived on work that was challenging them and where they could
still be independent. It did not match the basic objective for the rest of class as this was too
low.

e (Question to follow up - Could they have done something else when on the carpet in order to
be challenged?

e There remains a core of children who are not comfortable enough with their number bonds /
basic number facts.

Second research lesson (RL2)
We wanted pupils to learn how to apply place value knowledge to adding multiples of 10 and
adding units to multiples of 10 using more efficient ways. We used the following teaching approaches:
e modelling
e pattern seeking
e images

e peerdiscussion

Starter: rapid recall of addition facts up to 20, children use whiteboards to record and show
Main teaching (in two parts):
e Part1-Adding multiples of 10
- Show children images of Dienes on IWB. Demonstrate that to add tens it is not
necessary to count on in 1s, it is more efficient to simply count the total number of
10s. Say 3 tens add 4 tens, instead of 30 add 40.
- Tell the children we can use known facts to help us e.g. 3+5=38, so 30 + 50 = 80.
- Show children number of mistakes on IWB e.g. 70 + 10 =71, 30 + 20 = 32.
- Children to find errors and explain how they know it is wrong e.g. there are no unit
digits other than zero.
e Part 2: Adding units to multiples of 10
- Bigarrow cards to show that adding units to multiples of 10 is easy! The number of
10s don’t change, the unit digit does.

Differentiated activities:
e SEN — Numicon number bonds to 10 with TA

e Middle attaining (focus group) - Part 1: addition sums- adding multiples of 10 only (answers
less than 100)



e Part 2: addition sums- adding units to multiples of 10 (answers less than 100)

e High attaining — mixed addition and subtraction problems involving multiples of 10

Plenary: Teacher to model process but make deliberate errors. Do children notice errors? Can they
explain what the teacher has done wrong?

What happened? (information from observing, work completed in lesson, interviewing case pupils)
Boy A:

was totally competent and confident with concepts, very good mental strategies and starting to
develop flexibility in mental strategies. This might be a kind of compensation for his reluctance with
written methods. He needs to be agile mentally as he has difficulties when using written methods.

Girl B:

She was adding multiples of 10 by counting in 10s from the unit. Got pattern, could do it, but
was not confident, she doubted that she was doing it right — lots of checking with other children.
Initially: 40 + 2 = 60, following teacher prompt to look at arrow cards, arrived at 60. When the
numbers went above 100, she had lots of confusion. She was counting on in 10s from 100 incorrectly,
100 + 10 =101? 1027 Said 10 more than 100 is 120. Teacher prompted her to think back to 100
square which meant she could then work it out.

Adding units to multiples of 10 was fine, but she had problems with basic number facts: 2 +3 =
4,

Girl C:

e Adding multiples of 10:
- 60+ 20— used fingers, got 6.
- 30+ 60—-got 160, tried again, 3 tens + 6 tens — 367 637
- 30+40=340?

e With link to images and apparatus she started to manage but had forgotten it all by time got
back to carpet!

e (Question to follow up — How successful is linking 4 + 5 to 40 + 50 as teaching and learning
strategy?

e When adding units to multiples of 10 she used fingers e.g. to add 30 and 6.

e |t quickly became apparent that one of her difficulties was a lack of core knowledge of
number facts and bonds: she didn’t know 2 + 3 etc. If this is the case, having to use working
her memory to work out unit addition may be having a negative impact on her ability to carry
out the steps after she has worked out the basic fact from first principles.

Whole-class learning:

The splitting of the class into ‘needs groups’ turned out to be an effective strategy. It meant that
those children who needed completely different tasks and support to address their needs, got better
targeted teaching, and that meant there was no ‘wasted lesson time’. Higher attaining group needed



a lot of support on the more open task. They were much more secure and confident on the closed
problem solving task.

Conclusions:

There are a very small number of children who are struggling with these concepts now.
Children’s learning needs have to be addressed on more of a case-by-case basis (e.g. Girl B — number
facts). Also worrying is that these children came to Year 3 assessed as working at Level 2B yet they
are having these difficulties which will impact on their progress through Level 2 and into Level 3.

Third research lesson (RL3)

We wanted pupils to learn to recognise that finding the difference involved subtraction. They
were to make ‘sensible’ jumps on a number line in order to solve ‘finding-the-difference’ problems.
We used the following teaching approaches:

e modelling
e peerdiscussion

e pattern seeking

Starter: rapid recall of number bonds to 10 and beyond (children will be using these facts to
determine and make the first ‘jump’ on number lines)

Main teaching: Children have been learning about the use of bar charts. Many of the children had
not identified that ‘how many more’ involves finding the difference and a subtraction calculation. In
addition, many children have been struggling to use ‘counting on” a number line as a way to subtract.
They have difficulties with place value and some key concepts of number.

Teacher is to show a bar chart of favourite colours. Each bar is a different coloured strip of paper
that can be removed and replaced. Teacher to ask children some basic questions about the graph,
guestions about how many more children liked green (9) than red (6). (Many children will be able to
answer this mentally). Teacher to take strips off chart and compare them physically, then tear off the
part they are looking for i.e. the difference between 6 and 9. The teacher is then to show children
how this relates to a number line by sticking pieces horizontally onto number line and link this to
counting on jumps, finding the difference, and subtraction. Teacher is to develop the use of the
language ‘how many more’.

This process to be repeated using ‘longer’ bars e.g. bars of 42 and 28. When it comes to showing
the counting on strategy on a number line, teacher to discuss how the first jump could be a ‘“friendly’
number i.e. jump to the next multiple of 10, using number bonds to do it. This then moves on to the
use multiples of 10, and finally the units.

(The higher attaining group to go to their tables at this point to start their independent work,
assuming they have been successful with ideas on carpet).



The teacher is to repeat the ‘how many more’ questions using same processes and emphasising
the language as above but with a ‘favourite subjects’ bar chart.

Differentiated activities:

e HA: mixed operation problems based on interpreting information from bar charts.

e MA children (targets for this lesson study): use the “favourite subjects’ bar chart involving TU
numbers only. Restrict the language to ‘how many more,” ‘how many fewer,” and use some
‘total’ and ‘altogether’ questions.

e LA /SEN: asthe MA children but using numbers up to 20. Children have access to Unifix
blocks to ‘make’ bars and find difference practically using the apparatus — link this process to
known facts to practise recall.

Plenary: Identified children to show the steps used to find the difference using a counting on number
line. Pose questions to emphasis the reasons why certain choices are being made e.g. Why make that
as first jump?

What happened? (information from observing, work completed in lesson, interviewing case pupils)

Boy A:

Did not manage to answer many questions independently, although those that he did answer were
done were correct. Able to make ‘sensible’ and correct jumps on a number line when finding
difference; used known facts efficiently.

Girl B:

Absent.

Girl C:

Much improved recall of number facts. She has received 4 weeks of intervention including the
learning of number facts. She showed less reliance on copying other children’s work, although she
did look to reassure herself. Worked at a very slow pace on the independent work she was set.
Correctly identified operation from language (e.g. How much more...?)

Whole-class learning:

Again, some 75% of the class could recognise the vocabulary ‘how many more’ and ‘how many
fewer’ involved finding the difference. By the end of the lesson more children also recognised that
finding the difference involved subtraction. Children were becoming more confident in the jumps
they ‘should” make for their method to be efficient.



Issues for future teaching and learning:

e Arelatively small proportion of the class continue to need support with this idea of finding
the difference and using the counting on. Need to explore how this can be managed with a
whole class.

e Some children continue to need to strengthen their knowledge of the ‘core skills’ such as
recall of number facts, whilst others are way beyond this. The gap needs to be closed or it will
become wider over time.

e (Question to follow up - How can this be managed successfully with the whole class?
Conclusions:

Use of visual images and physical objects (in this case the paper bars from the graph) really
helped the children to understand the concept of finding the difference and why this is subtraction. It
is probably worth this being modelled for children again, and also in other year groups. We may often
assume that children do not need the physical model but clearly it can be helpful as a supportive
structure and trigger of memory, even for older pupils.

Yet again, difficulties with number facts, calculation strategies and place value slowed down the
children’s progress. Because some of the children had to grapple with finding out known facts,
interpreting place value, making sensible jumps, reading a graph, choosing the operation, mistakes
and confusion occurred too frequently. Children who could respond instantly, almost automatically,
had less to think about (simply interpreting the graph and choosing the operation) and so were more
successful. This again highlights the importance of being confident and quick in recalling known facts
and having a secure understanding of place value; it has a marked influence on the progress children
can and do make.

Impact on pupil learning and progress

What has been brought to light through the detailed examination that Lesson Study has allowed,
has been the significant gaps in the knowledge of a small group of children. Day to day, these
children may appear to be getting on or getting by in their Mathematics. In a busy, full classroom it is
often difficult to identify and unpick children’s misconceptions and gaps with any precision and to get
the necessary evidence on their barriers to learning. Lesson Study has allowed us to give greater
attention to the group of children and to get deeper insights into what was holding back their
learning.

Most of the class have been able to explore representations of numbers, understand the place
value of numbers in more depth, and apply this to make their calculating more efficient. Higher
attaining children thrived on having more independence and being pushed on and challenged which
means it is less likely they have been held back and will have made greater progress as a result. Early
assessment suggests this is the case.

The few children who were found to have gaps, including both case study girls, can now be
precision taught the skills they need which should make a huge impact on the progress they make.
Once they have ‘caught up’ on their deficiencies in number facts and understanding of how place
value can be used to speed up calculations, they will be able to progress more quickly.



Impact on practice and future teaching

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

we have introduced a programme of precision teaching by the Mathematics subject leader to
selected Year 3 pupils with gaps in their knowledge so that they will progress quickly to Level
3

we have made changes to the planning and teaching in Year 2 to ensure that children
assessed as secure at Level 2 do not have gaps such as those highlighted by the case pupil
girls

we have provided guidance to teachers that encourages the practice of challenging high
attaining children, even if this means not covering the ‘whole-class’ objective in every lesson
we have developed our use of Numicon as a structured resource for the teaching of number
we have emphasised the importance of place value and number facts as essential within the
irreducible core for learning mathematics
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