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LESSON STUDY RESEARCH REPORT
Developing collaboration in problem solving

Brookfield Primary School Lesson Study Group

Brookfield Primary School, London Borough of Camden, United Kingdom

Abstract

Background: Our identified issue across the school, which has a diverse population, was the lack
of confidence many of our children showed when faced with mathematical problems. In
assessments, open-ended questions would often be skipped or attempted half-heartedly.

Aims: We wanted to explore how we could best structure opportunities for the children to
collaborate in problem solving and develop the confidence to use of different methods to tackle
new problems.

Methods: Mixed-ability pairs of Year 4 children were presented with open-ended problems on
which they collaborated to create posters. They then shared their strategies with the class and
answered questions about their approach. The teacher was the collector of ideas, rather than
the source. The process was refined over three research lessons with progressively more
complex problems being presented.

Findings: We found that providing a clear structure and encouraging collaboration improved
children's confidence and willingness to tackle new mathematical problems. The study
highlighted the need for an effective problem-solving lesson structure and showed positive
impacts on pupil learning and progress, including increased collaboration and sharing of ideas.
The emotional side of this group work was significant: children were easily discouraged and a
culture of celebration of all their work was essential, rather than rewarding correct or best
answers.

Implications: The study found that providing a clear structure for problem-solving lessons and
encouraging collaboration improved children's confidence and willingness to tackle new
problems. Mixing up children and promoting sharing of ideas also had a positive impact on their
learning and progress, leading to a greater willingness to try out new approaches and learn from
each other. Lesson study provided an effective model for gaining insight and developing
practice.
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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

Brookfield primary school is a larger than average, urban primary school, situated between a
local authority housing estate and owner-occupied residential property. This leads to a diverse school
population which is reflected in all aspects of school life. The proportion eligible for free school meals
is above the national average at 25.7%. The number of children identified as having special
educational needs is below the national average at 14.2%. One-quarter (25 %) of our children have
English as an additional language which is well above the national average.

Our identified issue across the school was the lack of confidence many of our children showed
when faced with a mathematical problem. On the KS2 tests, many of the more open-ended questions
would often be skipped or attempted half-heartedly.

We wanted to explore how we could best structure opportunities for the children to collaborate
in problem solving.

Brookfield’s Lesson Study group:

Teacher 1: Mathematics Subject Leader who had previous experience of lesson study
Teacher 2: A Year 4 class teacher who had no experience of lesson study

Aims of the Lesson Study, Classes and Case Students

Those aspects of mathematics we were trying to improve:

e Developing children’s confidence and ability to attack a problem and to provide an
explanation of their strategies and reasoning.

e Helping them to recognise that there may be more than one way of solving a given problem
and that their answer is of value.

We wanted to:

e Improve the way children learn how to tackle a tricky problem
e Introduce more opportunity for children to use discussion and cooperation to reach a
solution.

We made use of the PCAME approach, introduced to us by a volunteer at our school who is a
retired mathematics educational consultant. We want the process we adopt to empower children and
make them more confident about tackling problems. Over time, we want children to become more
resilient learners and better problem solvers.

Year 4 case study children:

e Child A: Usually requires support and is involved in a Maths intervention to consolidate
knowledge of number facts and basic skills. Is communicative but finds it tricky to talk about
and share their Maths thinking.

e Child B: Of average ability. Should they work with a child who they perceive is of a lower
ability than themselves, they willingly engage and are confident and chatty. However, if
working with a child who they believe is better at Maths, they become withdrawn and are
quieter and easily persuaded.



e Child C: An articulate child who is amongst the highest achieving mathematicians in the class,
but will seek recognition and praise when they have completed their work.

First research lesson (RL1)

We wanted children to learn that working with a partner can be an effective way to solve a
problem and that there may be different ways to tackle a problem.

The problem was introduced verbally - determine the number of matches to be played in a
Connect 4 league with a given number of teams. A flipchart was used to make notes of the team
names and then the children were put into mixed ability pairs and sent to discuss the problem. They
were given mini whiteboards, then after a chance to discuss, were given an A3 piece of paper and felt
tips to create a ‘poster’ showing their working out. The pairs then came to the carpet to share their
ideas. The teacher was the collector of ideas, rather than the source. Different methods of finding
the solution were celebrated as well as those who had reached the correct answer. Our roles were:
The Mathematics Leader taught the session and the Year 4 teacher was the main note taker, along
with a third adult.

When we discussed the lesson we discovered the following:

e Child A: talked enthusiastically but listened less so willingly. He wanted to do his own thing,
and rubbed out his whiteboard working out frequently. He wrote a wordy account of his
working out on his poster.

e Child B: wrote in sentences at first, then he tried turning his ideas into a code, using initials to
represent team names. He was keen to write his own ideas down rather than discuss first.
He was only willing to discuss his thinking once he had recorded his own thinking.

e Child C: had an initial hunch and then rushed to write down his thinking. He talked through
his thinking with his partner and they collaborated without conflict. They then refined their
recording of ‘league matches’ to a more efficient shorthand using initials.

e Whole-class learning: The children were keen to share their methods, and enjoyed seeing
how different pairs had reached a solution.

e Issues for teaching: Quieter children were given the opportunity to sit back and be led by
their partner. The children were disappointed if they didn’t find the correct solution, and
some seemed to view it this as a failure.

e When we interviewed the case study children we learned that the children liked working
together to make a poster, though some children felt it difficult to decide what to record.
One case study child wrote out his explanation in sentences just because there was room on
the paper. Another case study child was disappointed when a different pair shared their
poster and had used the same method to his, before he and his partner had the chance to
demonstrate their approach.



The teachers scribed different methods to solve the problem that were suggested by the children.
The flipchart page can be stuck on a working wall for future reference.

Quotes, extracts from children’s work or plans, discussions that highlight the learning and barriers to
learning we plan to address:

e Child C: ‘It was useful having big paper because we had lots of ideas. | was proud we worked
it out together. We had different opinions at the start. It was interesting to see what other
people had done.’

e Child B: ‘I was sad because someone had the same idea as us and told everyone before we
did’

Our next research lesson will focus on:

e Giving everyone a chance to record something independently before discussing with a
partner.
e Encouraging them that ‘less is more’ when recording their mathematical ideas.

Second research lesson (RL2)

We wanted children to learn that they were all expected to participate in the problem solving
activity and that they would all have the opportunity to share their thinking with at least three other
children.

Our approach was similar to the first session, but this time with the problem involved finding
how many dominoes there are in a set. The problem was introduced verbally and initial ‘hunches’



were collected and written on the flipchart. The children were given whiteboards during the carpet

session, to start working out the problem independently. They then went to their tables, working

with the same partner as in Lesson 1. They were given time to discuss their ideas before deciding on

one method to pursue. They were then asked to make a ‘poster’ to show how they reached the

solution. Pairs then joined other pairs to share their posters, before returning to the carpet where

the teacher would be the ‘collector’ of ideas once again. Our roles were: The Mathematics Leader

taught the session and the Year 4 teacher was the main note taker, along with a third adult.

When we discussed the lesson we discovered the following:

Child A: had a hunch but then needed prompting to explain his ideas. He did not work
collaboratively, as he drew a line down the poster so that both he and his partner could show
their own working out separately.

Child B: quickly took a systematic approach to finding the solution. He got a little muddled
after a while and was quick to adjust when his ‘cleverer’ partner suggested a different
approach.

Child B and partners’ poster

Child C: asked questions for reassurance before settling down to the task. Once he was clear
of the boundaries, he felt safe enough to record his ideas. He was happy to share ideas with
his partner and explained his reasoning carefully to his partner.

Whole-class learning: the children were engaged by the task and all sat quietly to write their
initial ideas on a mini whiteboard. Following this, some children were not making the best
use of the time working in pairs. Several pairs did not finish their posters and became quiet
and subdued during the final carpet time, clearly hoping that they wouldn’t be asked to share
their work. There is still a general lack of confident in tackling the problem and sharing
methods and solutions

Issues for teaching: We aim to ensure we engage the quieter, less confident mathematicians
in the sharing of their work without feeling like they have been “picked on’.



Quotes, extracts from children’s work or plans, discussions that highlight the learning and barriers to
learning we plan to address:

e Child A: ‘I didn’t want to share my poster because it wasn’t finished.’

Our next research lesson will focus on having a structure with time limits set for the discussion
process. Forinstance, three minutes for initial thinking and idea recording, then five minutes for
discussion, ten minutes to refine ideas and ten minutes to make a ‘poster’. The teacher will continue
to be a collector of ideas, but also restructure and refine ideas. All posters will be displayed for
everyone to see, and successes will be celebrated, even if the work is unfinished. Similarities in
methods will be pointed out and the best methods can be discussed and identified.

Third research lesson (RL3)

We wanted children to learn that they must make the best use of the time available for working
independently and collaboratively. That everyone’s work is valued and everyone has something to
offer to the process of problem solving.

The task was to work out how many days until the end of the academic year. This was introduced
by the Mathematics Leader, saying that he had booked his holiday and couldn’t wait, so needed to
know how many days there were until the end of term (27" November to 23" July). A timer was used
for different parts of the problem solving process, including initial ideas and discussion. All posters
were displayed this time, for everyone to analyse. The teacher’s role was to celebrate the different
methods used and pick out similarities in people’s work. Then the answer was identified
collaboratively and best ‘methods’ discussed with the class. Our roles were: The Mathematics Leader
taught the session and the Year 4 teacher was the main note taker, along with a third adult.

When we discussed the lesson we discovered the following:

e (Case-children learning: The two most able children (Child B and C) were successful in finding
the solution and were eager to see other people’s work at the end of the session. One was
particularly interested in seeing if he had beaten his friends to the correct answer. The
teacher asked him whether he thought that those who did not have the right answer had
done any good Mathematics in the session, and on reflection he felt that they had. Child A
did not get the right answer, but was glad that his work had been credited in front of the
whole class.

e Whole-class learning: Most children made good use of the three minutes of time to write on
whiteboards to explore their ‘hunches’. Most children worked well in their pairs and
discussed the work carefully. Every pair had work to share at the end of the session when we
displayed all the ‘posters’.

e Issues for teaching: Some children rubbed out their whiteboard notes before they went to
work with their partner. It might be more beneficial to work on scrap paper or to provide a
special ‘problem solving notebook’ so that children do not rub out their work.

e Some pairs did not collaborate as well as others. While pairing has worked well for many of
the children we might organise working in threes where each child is given a role.



e When we interviewed the case study children we learned that the children said they had
enough time to discuss and share their ideas. Not all of them finished solving the problem.
The case children seemed happy to have their work put up onto the wall. One did not get the
right answer but his work had been praised by the teacher as having a unique method of
working out, so he was satisfied.

Child C and partners’ poster

Quotes, extracts from children’s work or plans, discussions that highlight the learning and barriers to
learning we plan to address:

e Child C: ‘Immediately | found it quite tricky. My prediction was 180 days. | felt relieved that
we were right. | didn’t want to let myself down. It was cool putting the work on the wall. It
was better than last time because everyone could see other people’s work. Only a couple of
people got to share before.’

e Child B: ‘I felt good that | got the right answer because last time | didn’t and | wanted
revenge. My partner worked it out in months and days, so | put the numbers to it [the
months]. | didn’t mind the work being on the wall at the end. | got to see what my friends
did.’

e Child A: ‘I had good and bad feeling [about getting the wrong answer]. | tried my best but we
didn’t get the right answer. My partner wasn’t a good listener and did her own thing. | felt
quite good that my work was put up onto the wall. We were the only ones to do it like that. |
felt good that we all worked out the answer together at the end because then everyone knew
the right answer.’

Impact on pupil learning and progress

The study has highlighted the need to provide children with a clear structure in a problem solving
lesson that itself reflects an effective way to tackle problems. The response of children has been
positive and their confidence has grown. There is a greater willingness to ‘attack’ a new problem and
try out an approach rather than sit and wait for others to suggest how to solve it. The collaboration



has improved, mixing up children has meant leaders become followers and there has been greater
sharing of hunches and ideas.

After our lesson study, we reviewed the way we had taught problem solving in the light of the
response of children and determined that the lesson structure below provided children with a
scaffold to the lesson that had best supported learning:

e Introduce the task- give children time to read or listen to the problem, become clear about

what they are being asked to find

e Make ‘hunches’ or informed guesses — record possible solutions or approaches to take

e Individuals record their ideas informally — on whiteboards or in ‘special notebooks’

e Share ideas with partners —these are pre-selected by the teacher to match or support

learners

e Review and refine ideas — agree what approaches to take and how to present these

e Carry out the task collaboratively — make resources available and provide sufficient time for

this

e C(Create a ‘solution poster’ —in a small group or better a pair, showing the working out and

solution

e Display all posters —make them visible and non-hierarchical

e Review as a whole class — identify similarities and differences in approach

e Determine what was helpful to solver and reader of solution — assess how

pictures/calculations/tables were used to show their thinking

Impact on practice and future teaching

We plan to share and exemplify this approach with all teachers. Our aim is to demonstrate that
by apply this structure to their problem solving lessons this will promote collaborative problem
solving and give all children the opportunity to share their work. We want to establish a common and
more inclusive approach, where every child will contribute to the lesson through their contributions
and be responsible for displaying and discussing these via their poster. We want our children to feel
that their work is valued and that they have made a contribution to working out the problem as a

whole class.

About Camtree

Camtree: the Cambridge Teacher Research Exchange is a global platform for close-to-practice
research in education. Based at Hughes Hall, University of Cambridge, Camtree draws on high-quality
research from around the world to support educators to reflect on their practice and carry out
inquiries to improve learning in their own classrooms and organisations. The outcomes of these
inquiries, once peer reviewed, are published within the Camtree digital library under a Creative
Commons Licence (CC-BY 4.0). You can find out more about Camtree and its digital library

at www.camtree.org.



