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Summary

This Action Research project sought to address the low marks attained by GCSE resit
learners in AO3 problem solving questions. We continued work that had been started last
year, exploring the effectiveness of representations in FE settings and focussed on the use
of these as a tool for approaching multistep problems, specifically using ratio tables and bar
models and working on ratio, proportion, fraction and percentage topics.

The research worked through three cycles: - using ratio tables, introducing bar models and
then focussed use of bar models in ratio. Ratio tables were introduced over a couple of
weeks developing proportional reasoning, learners then developed their understanding of
bar models (supported by centicubes) for four weeks, before the final focus on ratio for a
further four weeks.

Assessment data were collected through learners completing an Edexcel AO3 question (the
Mints Question) before and after the interventions; this data was triangulated with two further
AO03 questions (the Bungalow and Cakes questions) and learner and teacher appreciative
enquiry interviews.

The data from students who had completed the before and after assessment question
showed that 70% of learners improved the marks they achieved after the interventions, and
55% rated their confidence in attempting these questions as improved. Common themes
from the learners’ feedback were that the interventions helped with their understanding and
helped them attempt more questions. Teachers reported the same and additionally that
student engagement and resilience was improved along with personal teacher enjoyment
also.

The research concluded that physical and visual representations have a positive impact on
student confidence and achievement in AO3 questions. The use of these needs to be
introduced early, starting with familiar topics, and be sustained through the scheme of
learning and revisited regularly. It also found that using open ended questions, such as ‘If we
know ...., then what else do we know?” were critical for developing learner’s own thinking
and efficacy.
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Introduction and Background
The Colleges:

The local populations of the five colleges involved in the Action Research project are mostly
white, with a low proportion of ethnic minorities, which reflect populations. There are mostly
high employment levels within the South-West, but all colleges also have some areas of high
deprivation. Weston and South Devon are dependent on seasonal tourism. The maths
progression for the colleges is generally improving and from 2017 to 2019, progression data
ranged between -0.21 to +0.28. Two of the colleges taking part in this study showed
significantly higher progression than the national average of +0.09. The other colleges were
below the national average ranging from -0.6 to -0.21. (If the score is positive students are
on average making progress, if negative they have on average achieved lower grades from
their entry point). www.compare-school-performance.service.gov.uk/compare-schools?for=16t018

The development of this Action Research Project.

This work followed on from the work we did last year. Cockerton (2021) highlighted the
problems involving proportional relationships, specifically those involving direct proportion.
This year we wanted to focus on exploring the effectiveness of using representations in an
FE setting whilst answering the multistep AO3 Questions involving Ratio, proportion and
rates of change. These questions are generally answered poorly or ignored by learners in
FE. The table below shows national achievement data for the three questions we used as an
assessment measure.

Edexcel AO3 Questions Avera}ge marlfs achieved |Marks achieved from Grade 4
for this Question learners.
Mint Question
2.25 3.7
5 marks
Bungalow Question
0.88 1.75
3 marks
Cake Question
2.24 3.8
5 marks

In this action research, we continued to explore different ways of thinking about and
visualising proportional relationships. Ratio tables were introduced as a tool for illustrating
different methods for operating on proportional relationships and for investigating the
multiplicative nature of these relationships. The main findings from last year were that there
was a significant improvement in student outcomes on number and the use of the Ratio
Table was acknowledged by the teachers as having influenced this.

The results of this research indicated the effectiveness of our mastery approach and we
wanted to extend the project by combining models in one exam question to further help


http://www.compare-school-performance.service.gov.uk/compare-schools?for=16to18
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learners to be able to answer, or at least gain more marks for multi-step GCSE maths
guestions for all exam boards.
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Literature Review

ARL1: Effectiveness of Representatives in an FE Setting

Conclusions and Recommendations

¢ Representatives and manipulatives have a positive impact on mathematics learning
and learner confidence and success in word problem-solving.

e The introduction of bar models should be made using mathematical topics learners
are already confident with before introducing their use for new mathematical
concepts.

e The use of bar modelling is particularly effective when learners develop their own
representations for problems.

e The understanding of the use of bar models is supported by the use of concrete
materials.

e The timescales, teaching activities and verbal questioning techniques used with the
introduction of representatives should allow sufficient time to learn how to use the
representatives.

o Teachers’ professional development is a key aspect in the successful use of
representatives, teachers need to develop their own experience and confidence.

e Teachers needed to develop questioning techniques so not to give answers but
encourage learners to explore their own deeper thinking. Teachers can ask questions
such as “What else do you know?” rather than “How much for 30 people?”

Introduction

Our Action Research aimed to explore the effectiveness of using representatives in a Further
Education setting, particularly in our learner’s attempts to answer the problem solving (AO3)
guestions in the GCSE exam papers.

This literature review examines articles which support the choice of this area as a worthwhile
Action Research project and then seeks to learn from what the current literature can tell us
about how best to plan, design and carry out our Action Research interventions. The key
themes have been grouped for ease of reading.

In mathematical terms, we use the word representations (or representatives) as one way of
labelling the many methods and strategies we may encounter. The National Council of
Maths Teachers’ definition of representations may be useful in understanding this further:

“The act of capturing a mathematical concept or relationship in some form and to the
form itself.”
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Our primary focus is on the use of bar modelling; however we also consider other
representatives such as the double number line and ratio tables, and concrete manipulatives
such as centicubes and algebra tiles.

The Effectiveness of Representatives in teaching and learning mathematics

Use of the concrete (hands-on, practical manipulatives) and the pictorial (visual
representations) in the teaching and learning of mathematics has long been common in
primary schools and has been shown to have a statistically significant positive effect on
learning when compared to teaching with only abstract mathematical symbols (Back, 2019)

In his book for teachers, Visible Maths, Mattock (2019) describes and promotes a range of
representatives which support the teaching and learning of the vast majority of the UK maths
curriculum from primary school to GCSE, sharing his experience gained as Secondary
maths teacher. He refers to the evidence for and promotion of representatives by
organisations such as Ofsted and the National Centre for Excellence in Teaching
Mathematics (NCETM.)

Ofsted also recognises the importance of the use of manipulatives and
representations to support flexibility in pupil thinking. In their Mathematics:
Made to Measure report from 2012, it is noted that schools should choose
‘teaching approaches and activities that foster pupils’ deeper
understanding, including through the use of practical resources and visual
images.

The NCETM lists representation and structure as one of the ‘Five Big
Ideas’ in teaching for mastery. The NCETM make it clear that using
appropriate representations in lessons can help to expose the
mathematical structure being taught, allowing pupils to make connections
between and across different areas of maths.

Saraswati et al (2016) researched the use of algebra tiles in solving linear equations finding
this to have a successful impact on learner achievement in this topic, in particular they found
that using these manipulatives minimised common mistakes and that student’s
understanding developed from an informal to a formal level.

However, both Back (2019) and Hough et al. (2019) identified that manipulatives and
representatives can still become a taught procedure that learners blindly follow to arrive at
an answer. During Back’s research she often saw one specific manipulative appear to teach
a given concept and then disappear never to be seen again in the classroom, leaving
learners mystified about what approach to use. Likewise, Hough et al.’s reflection on the
Singapore Bar approach, which requires learners to be able to identify the correct bar model
for the problem-type (a learned, rote process), found that this tends to result in lower-
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attaining learners misusing them, as they try to replicate another method they haven't quite
understood or remembered correctly.

Mattock (2019) also identifies this issue, that the use of the representative is not the end
goal in itself and if learners don’t make the leap to a deeper understanding of the concept,
they can just become another misunderstood and therefore often misused procedure. He
advocates that to avoid this, multiple representations need to be used to ensure learners
have a range of tools available to them.

Representations are tools that provide a window into the underlying
structure of a concept. They are a window that pupils can keep coming
back to look into, but they are not a window they should continually have to
stare through. There is a danger that representations become another
procedure that pupils have to remember and apply without understanding;
this must be avoided at all costs if pupils are going to work towards
mastery of mathematical concepts.

Gifford (2020) also advocates the need for a range of representatives to develop
deeper mathematical thinking.

We also need to challenge the notion that there’s only one right way to
approach a problem. It's a reminder that mathematics is wholly creative,
and we should embrace the differences in the representations we see.

We wanted to investigate how representatives can deepen mathematical understanding and
specifically enable GCSE resit learners to feel confident to successfully tackle problem
solving questions. We wanted to see if, and how, representatives can be more than ‘just
another method’ and be an approach which will improve our leaners’ long term mathematical
thinking.

Learner Led Representatives

Hough et al. (2019) concluded that the introduction and encouragement to use bar models
and other representatives needs to be a bottom-up approach, building from students’ own
models for problems, not just another method presented to students which they may or may
not remember and apply correctly. Similarly, Back (2019) saw learners using manipulatives
as a rote learned procedure with learners not gaining a sense of the ways in which the
concrete and pictorial reflected mathematical structures.

Dickinson et al. (2014) describe the term progressive formalisation as a

“learning sequence that begins with informal strategies and knowledge,
and then develops into pre-formal methods that remain linked to concrete
experiences, models and strategies. These models and strategies then
develop progressively into more formal and abstract mathematical
procedures.”
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They explain that it is crucial within this process for learners to experience a shift in their
view and use of their models — from a ‘model of’ a situation (where the model is closely
connected to the context) to a ‘model for’ (where the model is more abstract and can be
used as the basis for mathematical reasoning and problem solving.)

An example of this, where the sharing of sandwiches evolves into a fraction bar (bar model)
and then a double number line, is shown below.
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Figure 1. Progressive formalisation of models (Dickinson and Eade, 2005.)

Dickinson et al. believe that progressive formalisation is crucial in the use of representatives
in the classroom. Teachers rightly desire, and expect, their learners to understand formal
methods and procedures but Dickenson et al recognised that learners need opportunities
and time to work towards this aim through the use of representatives and visualisations.

This suggests that, in developing learning activities and resources, it is best to start with
contexts and models that naturally lend themselves to being represented with a bar, number
line, ratio table etc. And to then introduce a wider range of contexts and problems, allowing
learners the opportunity to try developing models which work for them.

Both Hough et al. and Back promote the need for learners’ to develop and use
representatives which they are familiar with and have meaning for them, enabling them to
make sense of a problem.

Manipulatives do have a place as computational tools to support various
calculation strategies and demonstrational tools to expound a procedure
but it is only when learners themselves use the artefacts to support their
own sense making processes that they will begin to see their power as
tools for calculation and not just rely on them as crutches to support them
in blindly following taught procedures (Back, 2019)

Dickinson et al. (2014) similarly found that,

10
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It is as important as ever that students are allowed to work informally and
‘make sense’ of situations before developing more formal mathematics.

The challenge for us, as Action Research teachers, is to introduce representatives in such a
way as not to suggest they are ‘the one correct way’ of answering a question, but in such a
way to encourage learners to develop their own use of representatives that make sense to
them.

Problem Solving

Widyasari and Rosiyanti (2018) reviewed the suitability of materials developed to promote
problem-solving through bar-modelling. They defined problem-solving, and some of the
issues with current teaching methods, as being:

“ not merely a form of being able to apply rules that have been mastered
through past learning activities, but more than that is the process of
obtaining rules at a higher level ... low ability of problem-solving due to the
lessons used by teachers is still dominated by ordinary learning models
that give less emphasis on the application of mathematics in everyday life,
and students are not accustomed to [being] involved in solving problems.
Students tend to solve a problem by mimicking the problem solving that the
teacher exhibits when discussing the problem.”

They developed and trialled teaching material around bar modelling for problem-solving. The
resources are aimed at grade 4 Indian children (not written in English), so not resources we
can trial or adapt in our own Action Research project. However, they were found to:

be well designed,

correspond well to the theme/problem/context,

include easy to understand language,

increase interest in problem solving,

And these are all elements we need to consider in the teaching resources and materials we
use or produce to trial in our Action Research.

Osman et al.’s (2018) research also looked specifically at the use of bar modelling as a tool
to support the solving of word-problems. Along with finding that using bar models inspired
creativity in problem solving, their research revealed that students could overcome their
dislike of work problem-solving questions by using the bar model method.

There were positive impacts not only on the results but also on the
participants’ attitude towards the questions. This method helped students
to build and elevate their confidence as they were excited and courageous
enough to try answering all the questions given....It enhances students’
understanding regarding problem-solving as it helps to visualise and solve
the problems. Other than that, it can be applied to many mathematical

11
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operations and topics. It can help students to apply these concepts to a
variety of challenging word problems questions.

As we designed the data collection and analysis for our Action Research interventions, we
collected not only data which captured the extent to which the use of representatives and
manipulatives developed learners’ mathematical skills but also the extent to which their use
increased learners’ view of their self-confidence in tackling problem-solving questions and,
further, whether there is a correlation between the two.

Pedagogical considerations

Dickinson et al. also identified that discussion was a key feature in teachers’ appraisal of
what had changed and improved with the use of representatives.

One teacher described how discussion had enabled him to ‘stop driving
some elements of the lesson ... you can allow people to have time to find
things out for themselves, to discuss what they’re doing.” He goes on to
acknowledge his changing teacher identity: ‘It's a lot less about me driving
them through something, explaining something for them to regurgitate .... |
just kind of perch and find interesting things that are going on, then
periodically stop people and say, “right, let’s have a look at what you're
doing”. This teacher would appear to be beginning to develop the complex
teacher role of framing student contributions.

This highlights the need for a very open approach to teaching when using representatives,
using open questions, allowing learners time to explain their models and methods, being
willing to allow the learners to shape the direction of the lesson (which can be a challenge in
an intense one-year resit scheme of learning when teachers can feel under pressure to
cover as much of the curriculum as possible.)

Ahmed (online) advises teachers on some of the pitfalls and common mistakes in teaching
and using bar models. As a consultant for the Singapore Bar Model approach, his approach
is prescriptive, and therefore somewhat contrary to the research of Dickinson et al, and other
findings, but does contain some practical points worth considering in our Action Research.
He advocates that core foundations have to be carefully taught through high-end questioning
and visual modelling to get the most out of the bar model approach. Our Action Research
interventions must be well planned, starting with basic concepts, and our deep and effective
guestioning techniques.

Another relevant point Ahmed makes is the need for questioning which edg the learner’s
thinking forward so that by the end of a question they feel they are the ones that solved the
problem. He believes that the common mistake can be to give too much away, so that
learners are not making progress themselves. This is a common potential teaching pitfall
and one we sought to remain mindful of as we balance the desire for quick progress with the
acquisition of deep, long-term understanding.

12
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Sufficient time must be allowed for learners to learn how to use manipulatives and
representatives and become confident in using them to solve algebra problems. Amidu et
al.’s (2020) research investigated the effect of using algebra tiles as manipulatives in the
teaching and learning of basic algebra (with pre-service teachers.) Their literature review
found that in a previous similar study (Magruder, 2012) the control group actually showed a
statistically significant better outcome, which was felt to be due to the time it takes to learn
how to operate the manipulatives. In another study, (Akpalu, Adaboh and Boateng
(2018)), there were statistically significant post-test scores in favour of the experimental
group who were taught using the algebraic tiles for four weeks. This gives an indication of
the timescales needed to plan for learners to become competent and confident in using
these approaches. Amidu et al.’s own research concluded that learners needed time and
support in becoming familiar with the tools.

At the beginning, some of them were confused which colour-tile
represented negative and which colour-tile represented positive, and

also which piece represented x and which piece represented 1. After they
learned these representations, they did not have any difficulty in using
them.

We need to introduce representatives and manipulatives at the right pace and over a
sufficient period of time, to allow learners to develop a good working understanding of how
they can use them to solve algebra problems.

Ahmed also believes that not fully using the Concrete-Pictorial-Abstract approach is the first
major mistake when introducing bar models and that it is important for teachers and children
to use concrete materials for bars when attempting to use bar modelling as a strategy to
solve problems. This suggested, for our Action Research, the need to provide and
encourage the use of physical blocks by our learners.

Mattock (2019) also has some practical advice for teachers using representatives in the
classroom, which were helpful to our Action Research interventions. He recognises that
students can find it difficult to develop understanding of the use of a representative if it is
introduced at the same time as a new mathematical concept. He recommends introducing
the representative with a concept that learners already feel comfortable with, before using
that representative to explore a new concept, using the representative as a ‘bridge’ to the
new concept. In designing our Action research intervention, this suggested we needed to
introduce bar-models to basic mathematical concepts first, before moving onto more
complex concepts or problems.

Dickinson et al. (2014) concluded in their research that ‘Professional Development
[was] essential’ if the use of representatives was to be effective. They commented
that this is particularly true for teachers feeling the pressure of examinations, and
that successful CPD in this area is a need for further study.

13
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Ahmed also identifies that it is not just learners that need to gain experience with the
approach and questions how we allow teachers to build their own confidence. This is
particularly apposite for Further Education teachers who may have little exposure to this
approach. To be effective in our teaching of the bar model approach, or any other
manipulative or representative, we, the Action Research teachers, developed our own
understanding of and confidence in these techniques. In reality, these only fully developed
once we immersed ourselves in the Action Research and learned from our, and the learners’
experience.

Conclusion

Reviewing the literature provided a strong rationale for this Action Research project,
confirming the value of manipulatives and representatives in maths teaching and learning for
all ages, and specifically identifying in previous research that these support learners in
approaching and solving AO3 questions. It drew our attention to the need for providing
sufficient time to allow learners (and teachers) to gain experience and confidence, so we
introduced and repeated our interventions over a number of weeks and months. It also
drew our attention to the suggestion that concrete and pictorial representations are best
introduced to familiar topics before widening their use to aid understanding of new concepts,
so we introduced bars for simple concepts we believe our learners were already confident in.
Learners were encouraged to use manipulatives and draw representations which have
meaning for them, rather than rote learning an approach, as when introduced well
manipulatives and representatives are an effective tool to develop deeper understanding.

14
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Methods

The Students and Teachers:

190 students experienced the Action Research Interventions however only 109
completed both the “before and after” AO3 Questions in the Action Research project.
Here is a table showing their levels at outset and their colleges.

Colleges GCSE grade U-2 GCSE grade 3

Weston College 1 12
New College, Swindon 10 3
Heart of Worcestershire 28 17
Wiltshire College 1 24
South Devon College 4 9
Totals 44 65

The Aims and Objectives:

We aimed to explore the effectiveness of using representations in an FE setting. Specifically
in the context of answering the AO3 Questions.

We aimed to develop conceptual understanding of the following topics:

Number, especially four operations (N2), primes, factors & multiples (N4), fraction
operations (N8)

Ratio, proportion & rates of change, especially. percentages (R9), compound measures &
units (R1), ratio (R5), ratio with fractions (R8), direct & inverse proportion (R10)

Simplifying & manipulating algebraic expressions (A4)

Area & Volume (G16)

In practice, we focussed on Ratio, proportion & rates of change, and next year we
intend to look at Simplifying & manipulating algebraic expressions (A4)

The Cycles:

We conducted 3 Cycles of collaborative planning, teaching, gathering evidence and
reflection, based on our research. We practised and made sure we had mastered the
techniques before teaching the lessons to our classes. It was vital that we were all confident
so we could address any misconceptions or problems which may have arisen. We took
photos of students’ work and the Action Research Lead observed some lessons during
teaching. After delivering each lesson we reflected on the lessons informally in the shared
workroom and formally in writing and discussion. As part of this process we discussed how
the lesson could be improved for next teaching.

15
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Appendix A shows the lessons developed over Cycles 1,2 and 3

The table below shows each Cycle and how it developed and the processes we used for
gathering evidence for evaluation.

eRatio table intervention using Mathsbot

introduced in lesson starters
eSupports Reverse %

Cycle 1
*More than 100%

Percentages

eBarvember
eIntroducing Bar modelling
¢ Centicubes

Cycle 2

Unknown Quantities

AO3 Questions
for quantitative
data analysis
before, during
and after the
interventions.

with fractions

Appreciative
enquiry from

eUsing Bars to represent Ratio Teacher and
eIntroducing Variation Theory

learner
interviews.

*Model answers on AO3 Questions developed
throughout the process.

Problem Solving
Questions

During Cycle 1 teachers identified Mastery Approaches. We used the Ratio Tables. At this
point teachers introduced the use of the centicubes. Teachers also developed questioning
techniques so not to give answers but encourage learners to explore their own deeper
thinking: with the support of the ratio table structure, we used questions such as What else
do you know? What else could you find out? In Cycle 2 teachers then wanted to explore
how bar modelling could be used to support learners in answering AO3 Questions. We used
a readymade resource from White Rose Maths: Barvember. In Cycle 3 teachers were
realising the usefulness of using bar models to answer both algebraic questions and ratio
guestions. We wanted to focus more on the ratio questions, so we developed a resource to
scaffold learners using the same structure as the Barvember resource, however we used
very small changes in the question. Throughout this process we used AO3 questions at the
start and end of the Cycles. The interventions can be found in Appendix A

Collecting Evidence:

As well as collecting examples of student work in the lessons, we conducted interviews with
the students to establish what they thought of the approaches using appreciative enquiry.
We also used the same technique to gather evidence from teachers (See Appendix
B)Throughout the process we used The Thinking Environment Kline,N (2009) as a
collaborative meeting process. This enabled teachers to speak freely and share their

16
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experiences. We recorded the interviews with the teachers and learners and the data have
been coded in Appendix C

Informed Consent Form sent to all students can be found in Appendix D

Data Collection templates can be found in Appendix B

Adverse Impacts on the research:

Covid: Teachers from some colleges were stretched and were unable to meet up on various
occasions. Learners often missed their lessons due to isolation or symptoms of Covid. The
Cohort was extremely weak with Grade 3 learners struggling as if they were grade 2 learners
and the November resit showed this. This has been discussed in the results.

17
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Results and Discussion

Description of interventions

The table below shows the timeline of the Action Research and at what point each
intervention took place.

Month Intervention Measure Detail

September | Ratio Table Learner Teachers were given the Ratio Tables to try
LTM Ratio Table | Scripts out for themselves and then to try out on
booklet Activity 9 learners. Reflections on these were
and 10. captured for the first data analysis
Completed and workshop. These were from Frykholm
developed (2013). The reason teachers chose this
Appendix A intervention first was not all teachers were

familiar with it.

October Ratio Table Learner Teachers continued to use ratio tables in
Mathsbot Scripts and the lessons as starters. Exposing the
examples in ongoing structure to the learners on a regular basis
Appendix A teacher throughout the intervention period.

reflections

November Barvember AO3 Question | Teachers were not sure how to use bar
Examples in Mints models effectively. This intervention was
Appendix A used weekly for at least 2 months. Learners

had to be constantly reminded to use the
bar models so the teachers made
scaffolded and un-scaffolded questions.
Appendix A
December Barvember Ongoing Teachers adapted materials to make sure

teacher learners were able to use the models on

reflections topics they understood before progressing
to more difficult questions.

December:- Data Analysis Workshop

January Adaptations of AO3 Question | Teachers acknowledging that learners were
Barvember and Bungalows still unable to gain significant marks in the
introducing AO3 Questions so further adaption required.
Centicubes
Appendix A

February Ratio worksheets | AO3 Question | Teachers and learners were growing more
using conceptual | Mints used to using bar models. After the AO3
variation. AO3 Question | Bungalow Question which was answered
Appendix A Cakes poorly AR teachers switched from using

Barvember to using a ratio sharing
worksheet which had conceptual variation.
Learners then started to use bar models
independently on assessment questions

March Teacher and Teacher and Teachers interviewed each other with the
learner interview | Learner resources used placed at the bottom of the
scripts Appendix | Interviews scripts as reminders. Teachers interviewed
B a selection of voluntary students for

appreciative enquiry.
April:- Data Analysis Workshop

18
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Examples of some of the Interventions.

Ratio Tables

Ongoing use of ratio table using Mathsbot Missing proportion grid

100%
£480

50%

25%

75%

£680

30 ml

19
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4 weeks of Barvember with Centicubes

3-4 weeks of work sheets on ratio using Conceptual Variation

20
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Method of Assessing Progress.

We used three AO3 Questions from Edexcel to assess progress and model solutions. The
full modelled power points can be found in Appendix B.

Costearp sells packets of mints o shop owiners,
In & villege

tha numbar of houses and tha number of flats are in tha rata 7 1 4

Esch shop owns smill packets, medium packets and large packets of mints - ar the nurmber of bungalows are in e ratio 8 : 5
Al of minss = b village
ks v =re in the villege ney cukes o the number of chosolile vikes i= 4:5
Wtk out the numbr of leawn subics Danied bakes.

Eeryl buys 500 packets of mints.

3

e srnll kets, .
(3 RS Mints 3F June 19
N—— 5 marks Bungalow 3F June 19 Cake 3F June 19

0 3 marks 5 marks
Charlre buys 130 small packets of mimts so that

number of small packets :number of medium packes =3 : 4
Work oul the total number of medium packess of nunts these shop owners buy.

You must show all vour working,

Learner Achievement whilst answering AO3 Questions
The graphs below show the achievements of learners over time.

(The same 109 learners answered the” before interventions” and “after interventions” Mints Question. 73 of the 109
learners answered the bungalow Question, and 66 learners of the 109 answered the cake question.)

AQO3 Questions to measure progress

1

Learner
Scores

O = MW B WU

B Mints Score (before interventions)
B Bungalow Score (Mid term)
B Mints Score (after interventions)

[T cake Question Scores Triangulation (after interventions)

e The Mints Question before the intervention saw a mean score of 1.4 marks out of 5.
The first to third quartiles learners scored 0-2 marks with a median of 1. After the
intervention the mean score was 2.8 out of 5. The first to third quartiles learners scored
1-5 marks with a median of 3.

e The Bungalow Question completed in January (midway through the interventions)
saw a mean score of 1.0 marks out of 3. The first to third quartiles learners scored 0-2
marks with a median of 1.

e The Cake Question was completed at the end of the intervention saw a mean score of
3.1 marks out of 5. The first to third quartiles learners scored 1-5 marks with a median
of 3.

21
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Learner Confidence whilst answering AO3 Questions
The graphs below show the confidence of the learners over time.

(Not all 109 learners input a confidence rating for the” before interventions” and “after interventions” Mints Question.
68 of the 109 learners input a confidence rating for the bungalow Question, and 59 learners of the 109 input a
confidence rating for the cake question.)

AO3 Questions to Measuring Confidence

®)
@ X .
® |

Level of
Confidence

B Mints Confidence (before interventions)
B Bungalow Confidence (Mid term)
B Mints Confidence (after interventions)

[] cake Confidence (after intervention)

The Mints Question before the intervention saw a mean confidence of 1.6 marks and 1.8 for
the Bungalow Question between sad and flat expression. The first to third quartiles learners’
confidence was between sad and flat expression for both questions.

After the intervention the mean confidence was 2.2 for the Mints Question and 2.3 for the Cake

Question (which is between and flat and happy face.) The first to third quartiles of learners’
confidence were between flat and happy expression.
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Samples of Learners Answers whilst completing the AO3 Questions

See below pictures of two learners work answering the Mints Question before and after the
interventions.

Before intervention After intervention
3F June 17
00 = ¢ ¥ 7 el
Py i
. ol O A { \Es
Learner A oA Learner A
.‘!{"‘n—,;“)‘_,
e 0/5 / ) 112 4 286206 = Gl
bremiies &)= = o 5/5
- M 3F June 17
o e gz
i =g

Huw eunfident do you feet about your answer? @9 O © el 0 N Y Y Y ey

® & ® Learner B Learner B

Before the intervention “Learner A” was unable to show the answer which was required
either 28% or 112 sweets. He converted the fractions to the percentage without further
workings then incorrectly answered the ratio part of the question. After the intervention he
was able to complete all the calculations correctly, again finding each percentage then
remembering to take it away from the original number of sweets. He converted the fraction
to a percentage and again followed through the working. He then drew bars to show the
calculations clearly. Appendix B shows teachers modelled solutions, the mark-scheme
and examiners comments for this question.

Learner B did not engage in this question before the interventions, aside from putting his
own name on the paper. However, he was engaged in the answering each part of the
question correctly after the intervention. It is clear to see him using the bar models as we
had modelled them in the interventions.
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More Learners Work

See below a triangulation of two learners work after the intervention, an alternative AO3
Cake Question.

Learner D

Learner E

Learner D used bars to calculate the fraction of the quantity, labelling their own diagram
correctly. They divided by 10 and halving to find 35%. Then they used the bars with labels
to find the ratio.

Learner E displayed some incorrect working but was able to double back and correct their
calculations.
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Summary of learner scores

The table below shows individual learners scores when answering the Mints Question in
November and then again in February. (Appendix B Processes, Appendix C Raw Data.)

Most of the learners improved their marks, a quarter of the learners’ marks stayed the same
and only a small proportion scored less when answering the AO3 question.

Summary of learners’ own confidence in answering the Questions

The table below shows individual learner’s confidence when answering the Mints Question in
November and then again in February. (Appendix B Processes, Appendix C Raw Data.)

Over half of the learners had an improved confidence rating. A very small proportion had a
lower confidence rating. Teachers as a group did not explore the later learners experiences,
but might be something we could do in the future.
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Comparing the national picture

The results below show the national picture and then our own findings.

Average Marks achieved by our learners

Edexcel AO3 National Av_erage

: marks achieved
Questions ; : - -

for this Question Before the Mid-point of After the
interventions interventions interventions

Mints 3F
June 19 2.25 1.4 2.8
5 marks
Bungalow 1F 1.0
June 18 0.88
3 marks
Cake 3F June
17 2.24 3.1
5 marks

Before the interventions learners achievement on the Mints Question was below the national
average. The marks achieved were doubled for the Mints Question after the interventions
and both Mints and Cake Questions were significantly above the national average.

The Bungalow Question was a mid-term assessment that guided us to their understanding of
ratio in a wider context. This gave us the information that teachers needed to continue
working with the learners as they were still showing little improvement.

The table below shows one teacher’'s November resit grades. All but one of these learners
had teacher assessed grades (TAGSs) of a Grade 3. One had a TAG of a grade 2.

Not taken Grade 1 Grade 2 Grade 3 Grade 4 Total

Nov Resit

2021 2 3 13 8 1 27

The November resit results graded learners well below their TAG. These learners were
mainly graded at a grade 2 when sitting an examination. Teachers found that the TAGs
levelled their learners a grade higher than they would have normally achieved in an exam.
This may have been to do with exam anxiety, or learners reaching the lower end of the
grade so they were given the benefit of the doubt. However, many vocational teachers were
reporting that their learners maths aptitude was much lower than in previous years and the
learners were unable to access the Maths required for the level 3 courses.
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What the teachers said during the appreciative enquiry.

The table below shows the results from the appreciative enquiry interviews with teachers.
The comments made by teachers were themed. See Appendix C Raw Data.

Out of all 6 teachers Theme Example of comments

interviewed

6 Helped with understanding “My students had eureka moments that
they suddenly understood ratio”

5 Student Engagement “Great to see learners engaging with A03
chunky questions by drawing blocks and
bars”

5 Teacher Enjoyment “I've really enjoyed the interventions, | feel
more confident. It's easy to do the same
old ways, this has given a different way of
thinking”

3 Interlinking “The cubes were useful for other topics;
plans & elevations and shapes”

5 Planning & introducing early | “Would want to start earlier in the year with
physical resources, ratio tables, algebra
tiles and include percentage and fractions”

The results of the teacher’s interviews show the impact the interventions had in their
practice. All the teachers inferred that using the interventions helped with learner
understanding and most of the teachers said independently that the learner engagement
increased, and that planning and early intervention would be necessary to be able to include
more representatives. Half of the teachers mentioned seeing connections between the

topics.
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What Learners said during the appreciative enquiry

Out of 14 learners Theme Example of comments

interviewed

9 Helped with understanding “Ratio tables have helped me to
understand percentage better. | will use it
more in the future because of carpentry”

8 Helped with attempt more “l used to just ignore these questions on

guestions an exam — now | would be happy trying to
have a go at them”

3 Helped with Confidence “It surprised me how to do it and | felt
smarter than | ever had in maths, and it
just helped me”

3 Fun “It made maths fun and interesting”

4 Visualisation “Instead of writing it down it's not just
seeing them, you can move them around,
It really helps”

4 Repetition “Doing the sheet of random questions at

the start of each lesson helps to keep
other topics you might not be working on in
class anymore fresh in your head and gets
your brain going”

From the table of learner comments

e Most learners independently said that they found the interventions helped in their
understanding of the topics.
e Most learners independently said that the interventions helped with their resilience in
answering more of the question.

e Some of the learners said the lessons were fun.

e Some of the learners said that the interventions helped them visualise the questions.
e Some of the learners said that the repetition helped the information stick.
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Discussion

How does our research match up with the literature review?

By using the multiple representations such as the centicubes, bar-models and ratio table in
different forms we were able support the learners to answer the proportional reasoning
problem solving questions. The structure that teachers modelled in the classroom proved to
be a valuable process when answering the questions. The learners said that they were able
to recognise how the different models had helped them to understand the maths. All
teachers agreed that the structure also helped them understand the maths. This matched up
with the literature review which said that the use of multiple representations was needed to
avoid rote learning of the process, it supported the understanding and the exposing of the
mathematical structures. The literature review also indicated that making connections
enabled a deeper understanding with practical approaches to embed structures. Mattock
(2019), Back (2019), Hough (2019) NCETM.

Teachers and learners needed time to assimilate each representative when applying it and
then remember to use it. Teachers found that the learners needed the models to be
sustained and this agreed with the literature review. Magruder (2012) and Amidu et al (2020)
both said that teacher and learner confidence grew over time and one-off lessons were
ineffective.

Bar models needed to be introduced with concepts the learners understood. This was
effective through the bar modelling with the Barvember resource (Appendix A.)

In our earliest findings we found that the ratio-table questions needed to be open ended
otherwise the learners would not explore the numbers. Dickenson et al (2019) said that it
was important to stop driving the lesson on and instead ask questions to develop learners
thinking rather than just getting the right answers. We adapted our questions to be open
rather than closed. “What else can you find?” rather than “How much for 30 people?”

Osman et al (2018) and Amidu et al (2020) also found that the learners grew in confidence
and their elevated confidence allowed them to apply the models to many other topics. We
also found that our learner scripts were suddenly filled with workings and reworkings as they
worked things through using the bar models. When taking the secondary Cake Question, the
learners wanted to have a go and make progress with it. Their own confidence and
resilience grew throughout the interventions.

Teachers found that using multiple representatives was something that they weren’t familiar
with and the Barvember activities which were ready made which gave them the knowledge
of the structure and they wanted to continue with this structure. Teachers were also able to
see the link between the different representations such as using bar models to solve
algebraic problems not just ratio problems.
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Conclusions, Limitations and Recommendations

Conclusions

Physical manipulatives and visual representations have a positive impact on student
confidence in answering AO3 questions (for our research we focused on ratio,
fractions and percentages.)

Physical manipulatives and visual representations have a positive impact on
achievement.

Students are more confident and are more engaged when answering challenging
guestions

The bar models and ratio tables must be sustained with activities needing to be
revisited regularly

The use of the conceptual variation questions was a game changer for most teachers
and learners.

Students need to be trained to use the structure of the bar model with simpler
problems.

Teachers need to develop questioning technigues so not to give answers but
encourage learners to explore their own deeper thinking. Teachers can ask questions
such as “What else do you know?” rather than “How much for 30 people?”

Limitations

The student attendance had an impact on the journey made
Concerned that the time spent on this was to the detriment of other teaching subjects

We couldn’t produce the final interventions until January/February due to the project
cycle time frame and fitting in with the exam dates

Recommendations

Teachers need to develop questioning techniques so not to give answers but get
learners to explore their own deeper thinking by using open ended e.g. “If we
know.... what else do we know...?” Rather than “how much for 30 people?”

Teacher training in the use of these and other representatives is essential, e.g.,
Algebra tiles

To plan the regular use of representatives from the beginning of the academic year
and in a wider range of topics (by developing the SOW in preparation over summer)

To share the interventions and resources with other colleagues (produce a Padlet
from the project with recommended resources)
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Reflections
* We feel more enthusiastic, and this rubs off on our learners
* We have enjoyed being more creative in our teaching
* We feel more confident as teachers

* Networking with other colleges and sharing ideas has been a useful experience

31



Effectiveness of Representations in an FE setting.

References

Ahmed, M. (no date) 8 mistakes schools make teaching the bar model method in maths

[online] Teachwire.net

Available at https://www.teachwire.net/news/8-mistakes-schools-make-teaching-the-bar-

model-method-in-maths [Accessed 1 Dec. 2021]

Amidu, B., Seidu, A. and Nyarko, J. (2020). THE EFFECT OF ALGEBRA TILES
MANIPULATIVE ON PRESERVICE TEACHER'S MATHEMATICS KNOWLEDGE IN
TEACHING BASIC ALGEBRA. International Journal of Mathematics and Statistics Studies,
[online] 8(2), pp.26—39. Available at: https://www.eajournals.org/journals/international-
journal-of-mathematics-and-statistics-studies-ijmss/vol-8-issue-2-june-2020/the-effect-of-
algebra-tiles-manipulative-on-preservice-teachers-mathematics-knowledge-in-teaching-
basic-algebra/ [Accessed 26 Nov. 2021].

Back, J. (2019). Manipulatives in the Primary Classroom. [online] Available at:
https://nrich.maths.org/content/id/10461/Manipulatives%20in%20the%20Primary%20Classro
om.pdf. [Accessed 1 Dec. 2021].

Dickinson, P., Gough, S. and Hough, S. (2014). Using context and models at Higher Level
GCSE: adapting Realistic Mathematics Education (RME) for the UK curriculum. [online]
Available at: http://www.bsrlm.org.uk/wp-content/uploads/2016/09/BCMES8-14.pdf [Accessed
30 Nov. 2021].

Adam Gifford (2020), Using representations to develop maths understanding [online].
Available at
https://nrich.maths.org/content/id/10461/Manipulatives%20in%20the%20Primary%20Classro
om.pdf [Accessed 24 Jan. 2021]

Frykholm, J. (2013) Learning to Think Mathematically with the Ratio Table
A Resource for Teachers, A Tool for Young Children. The Math Learning Centre 2013. The
Math Learning Centre. Available at www.mathlearningcenter.org

32


https://www.teachwire.net/news/8-mistakes-schools-make-teaching-the-bar-model-method-in-maths
https://www.teachwire.net/news/8-mistakes-schools-make-teaching-the-bar-model-method-in-maths

Effectiveness of Representations in an FE setting.

Hough, S., Gough, S. and Solomon, Y. (2019). Connecting the everyday with the formal: the
role of bar models in developing low attainers’ mathematical understanding. [online] e-

space.mmu.ac.uk. Available at: https://e-space.mmu.ac.uk/622015/ [Accessed 7 Nov. 2021].
Kline, N., 2009. More time to think. Pool-in-Wharfedale: Fisher King Pub.Kline (2016)

Mattock, P. (2019) Visible maths - Using representations and structure to enhance
mathematics teaching in schools, Crown House Publishing, Camarthan.

Osman, S., Yang, C., Abu, M., Ismail, N., Jambari, H., Kumar, J (2018). Enhancing Student’s
Mathematical Problem-Solving Skills through Bar modelling Visualisation Technique.
International Electronic Journal of Mathematics Education [online]

Available at

https://www.iejme.com/article/enhancing-students-mathematical-problem-solving-skills-

through-bar-model-visualisation-technique-3919 [Accessed 1 Dec 2021]

Cited as Saraswati et al. (2016)

Saraswati, S., Putri, R., Somakin (2016). Supporting Student’s Understanding of Linear
Equations with One Variable Using Algebra Tiles. Journal on Mathematics Education, Vol. 7,

No. 1 [online]
Available at

EJ1096312.pdf (ed.gov) [Accessed 3 Jan. 2022]

Widyasari, N. and Rosiyanti, H. (2018). Developing material for promoting problem-solving
ability through bar modelling technique. Journal of Physics Conference Series. [online]
Available at:
https://www.researchgate.net/publication/323230877_Developing_material_for_promoting_p

roblem-solving_ability _through_bar_modeling_technique [Accessed 1 Dec. 2021].

33


https://www.iejme.com/article/enhancing-students-mathematical-problem-solving-skills-through-bar-model-visualisation-technique-3919
https://www.iejme.com/article/enhancing-students-mathematical-problem-solving-skills-through-bar-model-visualisation-technique-3919
https://files.eric.ed.gov/fulltext/EJ1096312.pdf#:~:text=This%20research%20aimed%20to%20describe%20how%20algebra%20tiles,formal%20solution%20of%20linear%20equation%20with%20one%20variable.

Effectiveness of Representations in an FE setting.

Appendices

Appendix A Interventions

e Ratio Tables
e Barvember

e Ratio Worksheets (using conceptual variation)

Appendix B Processes

e AO3 Questions
e Teacher Interview sheet
e Learner Interview sheet

Appendix C Raw data

e Learner interview data
e Teacher interview data
e Data from AO3 Scripts

Appendix D Informed Consent
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Appendix A Interventions

Power Points can be found in our padlet 2021 2022 Action Research Mastery at
CfEM Weston (padlet.com)

Ratio Table interventions

Introduction to Ratio Tables A combination of techniques
Cakes
3 | 6 | 12 |24 | 48 Books | 3 | 30 | 300 | 150 | 9 | 159
Cost | £2 | g4 £8 | El16 | E32 Cost | E£12 | £120 | £1200 | £600 | E£36 | E636
Boxes
€| s | | 30 | > Hos | 20 | 10 | s 40 | 35
Serews | 4000 | 2000 | 1000 | spp | 250 Cost | £440 | £220 | £110 | £880 | E£770
Introducing Ratio Tables
Ratio Table Tachniques Learning to Think Mathematically with the Ratio Table
: Mame:
?;::::J:.iu cost £2, how much veould 38 cakes tont? Activity Sheet 10: Ratio Tabis Strategy Heview
& 12 4 | 4 | | | ‘You have solved many problems in this book with ratio tables, You probably used familiar
| | | | | stratagies like thesa:
Halving Muttipty || e I 2 %
Eighty boxes hold 4000 screws, how many scvews are there m five haxes by 10 5 150 "= 150
Boxes an ETT 0] 5 ] | I | ) T . T _ T EREETE
Screws | 40002000 [ i [ i | Doubling 2 1 Halving X1 2
Multiplying by 10 r ]
Five pens wst E3. how much woukd SP00 pens cost? Adding i 1 ‘ 20 | ?3 | subtracting | ! ‘ ) [ 9 ‘
P T 5 T 55 | 500 [ 5000 | T 1 T | B 5 5 12 120 og
Caat ] I [ | | I |

Find the missing numbers in tha shaded boxes in the ratio tables beiow. Than write which
Dividing by 10 of the above srategies you used.
Gary exchanges £ 1000 Ity §770 Dansh Krone. What 1s £1 worth In Danlsh Krona?

e g 8

LE L woo | 10 | 10 [ 1 | 180

Krone | 8170 | /7 i I ]
Multiplying by 3
Three ctloes eost B4, how much wauld 27 cakes cost?

: o [T T IET %] s : [ n

Cakes 2 3 2 I [ | | | i T
(Cost | £4 | f17 | | 1 ik | [ 1 e
Dividing by 3 Strategy. Strategy:

A doetor gaw 30 patioste i@ houre, how many did thoy see in 3 howe?

Hours |9 3 I | | | | | ~ " " T

Patieuts | 30 | | | | | Bo 3 o4 6 [ 2 [ w [ n

2 I I

Combining a variety of these techniques (includizg adding and subtracting} Strategy:. Strategy:
Example: Three hookscoss £12, how much wenld 15% boaks cnar?
(Books | s [ v [ s [ oo [ w [ law ] 5 3 8 & [z

Coat £12 £120 | £1200 00 £36 | €634 = T B -l

18 ) 4
Exzmple: Twenty hourz of driving lessons cost £240, how much would 35 hours cost?
Strategy: Strategy:

Haours a0 i s a0 [ 35 T | ] |
(Cost | £wa0 | emo | el | esw | e | | | |



https://padlet.com/katheryn_cockerton1/xo21wk32vrocksw1
https://padlet.com/katheryn_cockerton1/xo21wk32vrocksw1
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Learning to Think Mathematically with the Ratio Tabis
Blame:
Activity Sheet 9: Salving Problems with Ratic Tables

Directions: Use a ratia tabie to salve the following problems. Use any combination of
strategies you'd like to use. You may not need all the colemns in the tabdes provided. Ba
prepared to share and sxplain your strategy with a partner,

1. A wbe contains 3 tennis balls. How many tennis balls ars there in 32 ubss?

[Fues i | I | |

[Terniz gais_| [ [ |

2 Sunglasses cost $8. How mauch will it cost to buy 12 sunglassesT

Sunglasmes | | | | |

3 At the market, 2 tomatoes sell for §3. How much would it cost to buy 12 tomatoes?

4. At the zoc, the lions eat 25 pounds of meat a day, How much would they eal in one
weak (7 days}?

[

§. At the same zoo, 50 visitors are allowed into the monkey exhibit each hour. How many
visiters can see the monkeys in a day? The zoo is open for 8 hours each day.

6. ft costs $12 per student 1o get into the zoo, How much would it cost for a group of 21
students io visit the zoo?

7. Every 4 hours, the doctor sess 8 patients. How many patients doss the doctor ses
after 11 hours?

[

Hours | | I | | [
Patents Seen | |

Bar Modelling Resources
PP 1

[ a variety of th d ting)

Three T-shins cost £45, bow much would 35 T-shirts cosc?

[Tehis | 3 | [ I I [ |

| st £45 | [ [ [ | [

Fifty boxes hald 20000 nails, how many nails are there in 22 boses?

[Bowes | 50 | | [ | | |

[Nafle T 20000 ] [ | I I [

[ Pens 5 ] I I | | I I
[Cost 70| [ I [ [ [ [
Anni exchanges £ 100 intg 1500 Japaness Yen., How many Yen would she get if she sxchangad
£3207
[ too [ = ==
Yen L0n
Five cales cost EL3. how much would 27 cakes cosi?
o e e — —
| Cost £15

Adocter saw 14 patients in & heurs, hew many did thay seoin 1.5 hours?

[Hours |6 [ | | I [ [

[ Patemts | 24 I I | I | |

Srrateh (ealenlator)

3.5 kg of sweets cost £5.20 What would 2.5 ks of svreets cost?

4.5 litres of patrol cost £5.40 What would 12.5 litres of petrol cost?

| Litres 45 | | | | | |

[ Cost ESAD | [ I [ | |
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I sames and Henry each have some money.
James has £18
He spends €5 on a book.
He now has £7 less than Henry.
How much does Henry have?

Model £18

James :_ﬁ_-'? ]

£7 1347=20

Henry

1 E

18-5=13

Henry has £ 20

n All scored 46 in his test.
Bev scored 15 marks more than Ali.

How many marks did Bev score?

n Jo has three times as many cousins as Kev.
Together they have 12 cousins.

How many cousins does Jo have?

& b of swests weighs 650 g more than a packet of sweets,
Three packets and one tub weigh 1650 g.
How many grams does a tub weigh?

The original price of a laptop is discounted by 20% before Christmas,

(3 Gary buys the laptop in the New Year sales, when there is  further 5
off the discourted price.

‘What percentage of the original price does Gary par for the kaptop?

3
- TR T
Lucy has twice as many
balioons as Tim.
They have IS balloons In total.
How many balloons does Lucy have?
Model Calculations
r—L 15+3 =5
15
Tim| g
Lucy has 10 balloons.
5 *

EARVEMEERT e D

nmmwamumwm
A student receives a further & off the discounted price.

What fraction of the original price does the student pay for the phone?
Model '

PiYS

Calculations

5
The student pays g of the original price.

n Mo has § sweets.
Ron has 7 more sweefs than Mo,

How many sweets does Ron have?

E Lucy has fwice as many
balloons as Tim.
They have & balloons in total.

How many balloons does Lucy have?

[EJ ~ barrei hoids 36 itres more than a bucket.
Thres buckels and one barrel hold 103 litres.

How many litres does a barrel hold?

mpﬂuoﬁuphn!mwm
A student receives o further | oéf the discounted price,

‘What fraction of the eriginal price doss the student pay For the phona?

2
FRRVEMEERT e £
Mo has 5 sweets.
Ron has 7 more sweets than Mo.
How many sweets does Ron have?
Model Calculations
Mo 5 7 5+7=12
Ron| g E 7
_Y_)
pi]
Ron has 12 sweets,
4 *
EARVEMEERY -
[} 2 barrei holas 35 itres more than a bucket.
Three buckets and one barrel hold 103 litres. '-"
How many lifres does a barrel hold?
Model % Calculations
Barrel| 17 E | 103-35=68
103 68+4 =17
Bucket| 37 & &8 17+35=52
A barrel holds _52 litres.
6 *
EARVEMEERD o
Ali scored 46 in his test.
Bev scored 15 marks more than Ali.
How many marks did Bev score?
Model Calculations
46+15=6
Alil a8 15 641 1
Bev| 46 |15
%_/
&1

Bev scored 61 marks.
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Jo has three times as many cousins as Kev.
Together they have 12 cousins.
How many cousins does Jo have?
T
Madel 9 Caiculations
r—‘% 12+4 =3
12
Kev| 3
Johas _9_cousins.
9 *
BARVEMEERT -
The original price of a laptop is discounted by 20% before Christmas.
Gary buys the laptop in the New Year sales, when there is a lurther:-
off the discounted price.
What percentage of the original price does Gary par for the laptop?
Modei Calculations
PiYS
Gary pays _60% _of the original price.
11 -
A bar of chocsiate corfs § fimes o3 much o1 3 lolpop.
The fofal cost of o bar of chocolabe and a loliipan s 6
How rrisch dows a bar of chocolate cost?
A Football costs fwice o3 much aa o heddy bear.
n The totol ceat of ane Foctball and ees teddy bears s €36
Haw musch doss o faotboll cost?
In @ Foresl thers are
+ twice at many oak frees at eim freet.
+ TEmera pine froes thon ook freet.
+ &8 ook, sim ond pire trest in ol
How mary pive trees ore fhere?
1
EARVEMBER] 0

A bar of chocolate costs 4 times as much as a lollipop.
The total cost of a bar of chocolate and a lollipop s €

How much does a bar of chocolate cost? L
: o
[
Mode| 80p Caiculations
* £1 =100p
Chocolate ZOp 100+5 =20
4x%20 =280

fen

Lollipop 20%

A bar of chocolate costs 80p

it

o E———y -
A tub of sweets weighs 650 g more than a packet of sweets.
Three packets and one tub weigh 1650 g.

How many grams does a tub weigh?

Calculations

1650 — 650 = 1000
1000 + 4 =250

Packet 250 + 650 = 900

A tub weighs_900 grams.

n A eappucsing corts tus 2s much a1 cup of 182
Karti by an eappuscine an thees cup of tas, her bill 1 £7.50
Mow mueh dogs 3 cappuscing cost?

In w Quiz Tearn A scones d times as many points s Teem B,
in tatal thay score 120
What did Tasm & sesra?

I a car pask, thare are anly blus, gresn and whits cars, hars are:
A ey o e .
15 mars whita cars thar bius cars
+ 390 intetal.
How mamy white cars are there?

A football costs twice as much as a teddy bear.
The total cost of one Football and three teddy bears is £36

How much does a fooltball cost?
Model E1230 Calculations
3+5=72
Football |£7.20{£7.20
2x72 =144

£36

Teddy

A football costs £14.40
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h In a forest there are

« twice as many ook trees as eim trees,
+ 76 more pine trees than ook frees.

+ 861 ook, elm and pine trees in total.
How many pine frees are there?

Madel
Elm| 117

76 ﬁﬁ{

585
Pine| 117 117 Z

\ﬂ—/

320

Oak| 117 | 117

Calculations
661 —76 =585
585 =5 =117

117 + 117 +76 =310

There are 310 pine trees.

a

A cappuccino costs twice as much as cup of tea.

&

Kerri buys one cappuccino and three cups of tea, her bill is £7.50

How much does a cappuccino cost?

Madsl £14.40
Cappucino 51.50
£1.50 El.SO

£7.50
Te

o

PP3

e o —

[ Bt UL

[ rer -
o e & s 61 0 T
ey ke o Murs b e ot o

P —

B e e
i, kst
o s ey
Fresiocnsnassecs NN

o v
AT GOt KT GO,
2 e counters are ved,
£ ot the other courters are blus asd the rest are gresn,
Thewe are 33 green i,
Howe wemy courters are Brese b total|

Calculations

7.5+ 5=15 (£1.50)
2 X £1.50 = £3

A Cappucino costs £3

nThaﬂﬂmusmmmu:FHnlnumm

5 of the fish are sold.
There are 4 fish left in the pet shop.
How many snakes are there in the pet shop?

Mode| 28
Fish| g9 E

;Y._/

4
14

Calculotions
9+5 =14
2x14 =28

There are 28 snakes in the pet shop.

In a Quiz Team A scores 4 times as many points as Team B.
In total they score 120.
What did Team A score?

25

Model % Calculations
Team A 29 aa 1205 =24
120 4x24 =96

TeamB|24 |

Team A scored 96 __

o

In a car park, there are only blue, green and white cars, there are:
* Twice as many blue cars as green cars.

* 15 more white cars than blue cars. @
* 190 cars in total.

(e~ )
How many white cars are there? O—O
Modal Calculations

Green| 35

190 - 15 =175
Blue| 35 15 w
175 175+5=35
White

| 5% 35 35+35+15 =85

*

There are _85 _white cars,

n Max has Y5 opples.
He shares them equally between 5 baskets.

How many apples are there in 2 baskets? a

Madel | catculations
a5
3 45+:5=9
s Al
9 s 9 a9 o ‘ IxP=s
\_Y._)

There are 18 apples in 2 baskets,

B Dora has a piece of ribbon.
« She uses half of the ribbon on a present.
. mm%oﬁmemmmmmummm,

- She has 80 cm of ribben left.
How much ribbon did Dora have at the start?
Model Caolculations
Hien 80cm = 2=40¢cm
L& i ]
6 x40 cm = 240 cm
80cm

Dora had 240 cm of ribbon at the start.

&
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Challenge A box contains some counters.
n E of the counters are red.
f of the other counters are blue and the rest are green,

There are 33 green counters.
How many counters are there in total?

Model Colculotions
! ‘I' #d+3=1
9x11=99
red biue green
33

There are 59 counters in total

Worksheets with conceptual variation. Scaffolded and un-

scaffolded

Kallan and Adam sh_are some money in the Calculations Kallan and Adam sh_are some money in the Calculations
ratio5:3 - ration5:3 .
Between them they have £240 Kallan has £240
How much does each person receive? How much does Adam have?
Kallan ‘ ‘ Kallan ‘ ‘
Adam Adam
Kallan and Adam share some money in the ; Kallan and Adam share some money in the .
F Calculations - Calculations
ratin5:3 = ratin5:3 ——
Adam has £240 Kallan has £240 more than Adam
How much does Kallan have? How much does Adam have?
Kallan ‘ ‘ Kallan ‘ ‘
Adam Adam
Kallan and Adam share some money in the Kallan and Adam share some money in the Calculations
: Calculations 2 Lalculations
ratio5: 3 - ratio 5: 3
Adam has £240 Kallan has £240 more than Adam
How much money did they share? How much did they share?
Kallan ‘ ‘ Kallan ‘ ‘
Adam Adam
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The ratio of boys to girls on a school trip is Calculations The ratio of boys to girls on a school trip is Calculations
1:4 1:4 -
60 students go on the trip. 60 students are boys.
How many girls go? How many students go in total?
The ratio of boys tolg_'T on a school trip is Calculations The ratio of boys to girls on a school trip is Calculations
: 1:4
60 stud?nts are boys. ) 60 more girls than boys go on the trip.
How many girls go on the trip? How many students go in total?
The ratio of boys to girls on a school trip is Calculations The ratio of boys to girls on a school trip is Calculations
1:4 1:4
60 students are girls. 60 more girls than boys go on the trip.
How many boys go on the trip? How many boys go?

Modelled Solutions
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'~ Ratiowith |
Bar Modelling

{u LR =y 3here s mioney T money hef
-,

™08 than Adam
005 Adarm haun s

@j -

oSy
Kallan has £240

How much g

% @ V.

Adam
cdﬁ\a&_\
w;xev

ey

Exam Style Questions

1. The ratio of children to adults to OAVs in 2
thestoeds 2 : 7

2. Twa difter=nt szed coaches are taking supporters to an
away football matches, they are both ful

There are 200 fewer OAPs than adults. There are 50 seats on coach A, and 40% of the passengers
hawe & spason ticket

How many more adults are there than chidren?

The ratio of passengers with a se=son ticket to thase
without a seascn ticket on coach 2154 : 3

There are 24 passergers on coach 8 with a season ticket

How many of ol the supoorters do not have a season tickee?

Greg and Harry share some money in the ratio 7 : 2
Harry receives £45
How much does Greg have?

?

creg HEER

Harry

£45 45+2=£22.50

£22.50 x 7=£157.50

The ratio of frogs to toads ina pondis5:2
There are 140 ampbhibians in total.
How many of each are there?

?

Frogs ‘ | ‘

140

Toads

? 140+7=20

Frogs 5 = 20 = 100
Toads 2 x 20 =40

Oraws 3 bar model diagram for sach peoblem. Label the Information given and what is baing sskad for

Geug a0 Harry share some money i the ratia 7+ 2
Haturoce trem Moy have £45
How much doss #ach parsce recoive

The ratio of frogs %o toads b a pond 15 3:1
oo 316 140 amphizeans in cora
How many of wach are thare?

Greg and Namy share some money m the retio 712
Harry receires £35
Hew mich does Grag have

The ratio of frogs e toads s pond 13§72
There are 140 frogs.
Hom meny tzods are there )

Geng and Harry share somi ma0ey i the ritio 7 1
Greg a3 £45 mote then Harry,
Mew much S TNy SRIST

T rabe of frogs 10 toads i & pond is $ : 1
These ore 50 les3 toads than frogs
Hom many frogs ¥e thare?

Greg and Harry share some money in the ratio 7 : 2
Between them they have £45
How much does each person receive?

[T 117

Harry

? 45+9=£5

Greg 7x5=£35
Harry 2 x5=£10

Greg and Harry share some money in the ratio 7 : 2
Greg has £45 more than Harry.
How much did they share?

cre HEEN
¢ ?

Harry I >

45+5=£9

9xE9=£81

The ratio of frogs to toads in a pond is5: 2
There are 140 frogs.
How many toads are there?

140

Frogs | ‘ ‘

Toads

? 140 +5 =28

Toads 2 x 28 =56
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The ratio of frogs to toads in a pondis5: 2
There are 90 less toads than frogs.
How many frogs are there?

?

i

90

Frogs

Toads

90+3=30

Frogs 5 = 30 =150

Exam style question

Two different sized coaches are taking supporters to an away football marches, they are both full.
There are 50 seats on coach A, and 40% of the passengers have a season ticker.

The ratio of passengers wath a season ticket to those without & season ticket onooach B s d: 3
There are 24 passengers with a seascn ticket

Hewe many of the supporters do not have a season ticker

50

—
—_— ¢

Ne | No | Ne | Ne | No | Ne
Coach A “l“l"[”|s‘r|ﬂ|s'r|sr|s-r|s-r
Coach B | st | st | st | ST | |an1 Num|unsr|

24 ?

50+ 10=5
6x5=30
24+4=6
Ix6=18

30+18=48

‘Exam style question

10

The ratio of children to adults to OAPs in a theatre is
2s Tz

There are 200 fewer OAPs than adults.

How many more adults are there than children?

?
Children|
Adults | ‘ | ‘
OAPs
200 200+ 4 =50
5 x 50 = 250
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Appendix B Processes
AO3 Cake Question PP

3F June 17

® 6

[ I 8 1 A |

How confident do you feel about your answer?

USE YOUR
CALCULATOR!

v seben sl chimali b

Vanilla Cakes

0.35x4200r35% x 420

Banana Cakes

What's Left? Cakes left = 420-267 = 153
Lemon and Chocolate Ratiod:5 153+9=17
Lemon Cakes is 17 x 4 = 68
(AN R S e —

+ s v
e akuitn

e . iy

Grade 3-41.32 mark difference
Average score 2.45 0ut5
Grade 4students got 3.80ut 5

AO3 Mint Question PP

3FJune 19

How confdentdo you et avout your answer? @ @ @ [F[n -]

Calculations.
Mode|
420
T P Vanilla cakes =420 + 7= 60
. 2
s |EeEREER] oo ——
=120+147 =267
——
120
Cakesleft=420-267 =153
wevre o o s [ [ 5] sotamo- 10
[0 [ [ov e [ oo P
) Lemon Cakes 4x 17=68
temon | [17]27 [17 [ 17] Cakes left 153
Chocolate | [17 [ 17] 17] 17[17 Daniel bakes % _lemon cakes

Modal

Sweets

Alan

/Alan Medium Packets =
100% - 32% - 40% = 28%

Beryl’s medium packets is 6/10 of 500
Charlies medium packets is 4 x 50= 200

ledium packets =112 +300-+ 200 = 612

Beryl

Total number of medium

packets of mints 612 .

Charlie

EZEJESEREAES
[ w [ s [m]w

300

—_—
[soTso[s0 Jso 5o Jso fo Jso o o |

500

150
——

[s0[s0 [s0 |
medium | [50 [50 [0 |5 |
—

200

Small
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USEYOUR
CALCULATOR!

Alan 0.28 x 400 or 28 % x 400 =112

Banana Cakes

= x 500 =300

Charlie has 150: i 10g=40
packets 50 x 4 =200

Small to Medium Ratio 3: 4

Medium packets of sweets
112 +300 +200 =612

Mean score: 2.25

Examiner comment This was a problem -solving question in the context
of Number and Ratio. The question was structured in order to aid
students in dealing with the three shop owners. This could be done by
finding remainders in the case of the first two, and undertaking a
division by ratio for the third, which is the more challenging aspect of
the question.

Grade 3-41.31 mark difference
Average score 2.25 out 5
Grade 4 students got 3.7 out 5

AO3 Bungalow Question PP

1f June 18

8¢ the number of Hats are in
i the

umber of
mber of flat

rato 7 1 4

bes of bungelows e
There are S0 bungalows In the village

How mary houses are there i the villege™

fubcnnnmuowl\erlnpukm
eg50-5«8(=80)or 14 8 Socarld | ano 8050
8 and 8 5 oe (linked)

P for a full process 1o solve the problem
5
g B0 4% 7 o —)" 14" or 140

8050
Al o 1 140 clearly sdentified
as houses m workang
award full merks

At b [ e bt s

Mods L Calculations
—
ﬁ 7 Houses

0 [ 20 [0 [20 [0 [20 [ 0] 50+5
. =10

ﬁ“ Flats |20 80
e — — 80+ 4
80 flatss =

ﬁ Bungalows 5 EEEI
—

50

Examiners report

There are 140 Houses.
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Teacher interview March 22

(adapted dependent upon teacher or learner being interviewed)

Teacher notes Interview a Colleague

e Please record the interview in the AR Team General which will auto transcribe the interview.
This would have the most impact when presenting our findings. Jot down memorable
episodes to help collection of data.

e Time taken could be 20 minutes

e Have on display the interventions to remind colleagues. Attached

o AR1: Ratio table, Barvember, centicubes, ratio with bar modelling (AO3 Questions?)
o AR2: Ratio Table, Petrol lesson Human Number Line, Twigs and Leaves, matching
activity. (Separate questionnaire needed for the Voc Teachers with the V-M board)

Evaluation

Read to Colleagues: Please be as honest as you can and remember there are no right or wrong
answers. All responses are really valuable to help me to understand your experiences. The recording
will only be shared with permission from you. Anything said will be anonymised.

1. Think about how we have taught Maths this year. Try to remember a time in classes
when you were most positive about your teaching.
In your own words, tell me about that time.

Follow up Questioning on the responses.

What happened in the lead up to this moment?
What were you feeling?

What were others doing that helped?

What were you doing that helped?

What was happening at/during the moment?
What made it a positive experience?

2. Are there any other positive examples you
would like to tell me about?

3. Have you shared any of these interventions with other colleagues.
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Prompt Questioning on the responses.

What happened in the lead up to this moment?
What were you feeling?

What were others doing that helped?

What were you doing that helped?

What was happening at/during the moment?
What made it a positive experience?

4. Are there any other positive examples you
would like to tell me about?

5. Thinking about your teaching in the future. Which ideas from the interventions this year
do you think might be useful to you?

6. Is there anything you would wish to have been different?

7. Is there anything that anyone could do that might help you develop your ideas in maths
that could help you this year?

8. Is there Is there anything else you would like me to feed back?

Ending the interview

Thank you for taking part.
May I share the notes and recordings with our colleagues in the research program and other
teachers?

(May | share just the anonymised notes with our colleagues in the research program?)

May we have your permission use your story anonymously in a report about the programme?

Is there anything you don’t want me to write up or things you don’t want me to share with

other people anonymously?

Thank you very much for letting me interview you.

Colleague to sign
I give permission for you to share the anonymised notes of me and recordings of me

48



Effectiveness of Representations in an FE setting.

Yes / No

I give my permission for my story to be anonymously included in the report.
Yes / No

In the report I do not want you to include comments about

Learner Interview

AR1 Teacher notes

e Voice Recordings of the interview would be most valuable. This would have the most impact
when presenting our findings. Jot down memorable episodes to help collection of data.
e Time taken could be 20 minutes so ask learners if they would like to contribute. 4/5 per
teacher would be good.
e Have on display the interventions to remind learners. Attached
o AR1: Ratio table, Barvember, centicubes, ratio with bar modelling (AO3 Questions?)
o AR2: Ratio Table, Petrol lesson, Human Number Line, Twigs and Leaves, matching
activity. (Separate questionnaire needed for the Voc Teachers with the V-M board)
Graphs.

Evaluation

Read to Learners: Please be as honest as you can and remember there are no right or wrong answers.
All responses are really valuable to help me to understand your experiences. The recording will only
be shared with permission from you. Anything said will be anonymised.

9. Think about how we have taught you Maths this year. Try to remember a time in classes
when you were most positive about your learning.
In your own words, tell me about that time.

Follow up Questioning on the responses.

What happened in the lead up to this moment?
What were you feeling?

What were others doing that helped?

What were you doing that helped?

What was happening at/during the moment?
What made it a positive experience?

10. Are there any other positive examples you
would like to tell me about?
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11. Can you think of any time outside of Maths when you have used maths knowledge you
have gained this year?

Prompt Questioning on the responses.

What happened in the lead up to this moment?
What were you feeling?

What were others doing that helped?

What were you doing that helped?

What was happening at/during the moment?
What made it a positive experience?

12. Are there any other positive examples you
would like to tell me about?

13. Thinking about your life in the future. Which ideas from maths lessons this year do you
think might be useful to you?

14. Having been in maths, is there anything you would wish to have been different?

15. Is there anything that anyone could do that might help you develop your ideas in maths
that could help you this year?

16. Is there Is there anything else you would like me to feed back?

Ending the interview

e Thank you for taking part.
e May | share the notes and recordings with our colleagues in the research program and other
teachers?

(May | share just the anonymised notes with our colleagues in the research program?)

e May we have your permission use your story anonymously in a report about the programme?
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e |s there anything you don’t want me to write up or things you don’t want me to share with
other people anonymously?

e Thank you very much for letting me interview you.

Learner to sign
I give permission for you to share the anonymised notes of me and recordings of me
Yes / No
I give my permission for my story to be anonymously included in the report.
Yes / No

In the report I do not want you to include comments about

-----------------------------------------------------------------------------------------------------------------

Using the ratio tables

100% 50% 25% 75% 10% 20% 5%
£480

£680

30ml

Using the Centicubes
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Using Barvember Jan

BARVEMBERS v

Comerstones

malmmgfgnmgr. Aleng‘l'ho{-'ropelscuflnioiwopiem

- He doubles the number. The longer piece is twice the length of

- He then doubles the result. the shorter piece.

- He adds these three numbers The longer piece is now cut into two

together. pieces so that one piece is 3 times as
« The total is l6l long as the other.
What number did Ajmal think of? The longest piece is 180 cm long.
How long is the shortest piece of rope?
=
?
S

Using bar modelling for ratio questions
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Greg and Harry share some money in the ratio 7 : 2
Harry receives £45
How much does Greg have?

?

Greg

Harry

Teachers to add their own interventions...
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Appendix C Raw data

AO3 Questions Raw Data

Confidence Difference
between the 1st & 2nd

attempt Mints

the 15t & 2nd attempt

Mints

% Attendance | Differance between

100
46
100
70
100
36
46
a7
26
36
100

100

2
36
36

Confidence Level

Cakes
Seore

Confidence
level [2nd
‘thme]

attempt

Mints.
Score 2nd

confidence

score

v
level (15t
time]

g

m ale ala
5

3 e e
i e
g

g =B B B e T Y o B B BRI CIETE EEIE B E R

55



Effectiveness of Representations in an FE setting.

46 1 0 s 1
a7 2 3 2 o
) 3 [ 1 o
48 z 1 o 1
50 z [ a z
51 z o 4 z
52 z 0 3 z
53 z o 4 z
54 3 4 1 1
s5 3 2 o o
56 3 2 [1] o
57 3 2 3 1
58 z o 2 1
53 z 0 2 o
0 z o 1 1
61 2 2 2 o
a2 z [ 1 o
63 3 ] 2 o
(2] 2 o [ o
65 3 [ 1 1
66 3 o 1 1
67 2 2 2 2
[ z [ 1 1
] 3 4] 1 1
70 Fl 7 [ 0
71 3 [:] o 0
72 3 2 2 0
73 3 £} o 0
4 3 4] 3 1
7= z [ 1 o
6 3 4] 2 1
7T 2 0 [ 0
7% z 1 1 T
7 z 0 o 1
80 z o [
a1 2 4] o [i]
a2 3 0 [ 1
a3 2 4] 1 1
81 3 0 5 1
a5 z o 2 1
86 1 7 1 1
a7 z o 1 1
a8 3 2 3 3 2
8 z 1 z 2 [
90 2 3 3 2 1
a1 1 0 3 1
a3 F E 2 2 1
53 Fl 4 3 1 1
a4 z 1 2 o
95 1 2 2 | a 2 3 H a 1 o
56 1 3 Fl a 2 3 Fl 3 z [
97 3 2 3 4 2 5 2 z 1
[ 3 1 3 El 2 1 3 2 0
) 2 2 a 2 2 : 0 1
100 3 3 5 3 5 3 z Fl
101 3 2 1 3 2 3 2 1 1
102 3 1 Na answer 2 1 o
103 3 3 s s 3 z o
104 3 3 [ 1 2 -3 [
105 3 1 1 s 4 o
106 3 2 10 answer 5 3 B 3 3 2
107 3 3 no answer a 3 0 2
108 3 2 s 2 1 1 3 1
109 z T B ) 5 2 B 1
Teacher interviews Raw Data
Useful for sharing at
Teacher | Bar modeling. Ratio Table centicubes Double number line | the live event? Next Year
wWhen first showing the
students a foreign currency
wWhen we did the 1ast two Dne learner set up the question, none could answer
worksheets using the small Centicubes when finding the guestion. Afterwards, all
wariations, my students had | eould ses the students volume, he did 2 dxdxd cube but one could answer the
eurcka moments that they developing their skills and and then said | don't believe question, using th double
A ¥ ratios ing the Maths thers are 64 cubes in this. number line.
Some teachers are reluctant to
‘When the students used the When calculating 130% the use these but | have found the
bars on the exam questions, students could see the stugdents have been fairdy

that really made a difference

structure mere easily

responsible with thesa.

| gave the bar modeliing.
intervention to a leacher and
they said it went 5o well, she
felt proud of them drawing
their boxes, They were able
o use the method
successfullyand
Independent!
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Student doing a percentage
problem, The student could

although it was too easy or eastly understand and he'was | The cubes for a few students
too hard, excited about it liked them. Mo CPD time,
| have enjoyed getting together
Used cubes for plans and as we can share the problems,

elevation, making your own
shapses.

attendance, learmar
undarstanding 3nd motivation.

used them for the bars.
Across the ratio bype

any collaboration 15 positive,
having the discussion makes
you think of about itand
working together is better than
working on your own

They needed help with
putting the scaffald in place.

been great working with
averyone,

You could see they could
the quastion

keeping in touch with the AR
group to continue to refine
resources.

Useful to have them with me,

1 will share all the resources
with other teachers.

Using the TES shart

The early ratio tables were

Some learners engaged but

Had not used very much this

General: Had shared resources

Mext year; Would start

guestions. Using bar used by some in November on the whole did not engage, | year but was looking forward with learning mentoss. Had the year off with ratio
modelling made the learners | resif.\Was able to bring in would need to prompt more | o using them maore next year. | enjoyed the experience and felt | tables and physical
really think about what ratios | other questions using topécs | and direct their use if used At her coflege has a strict SOW | ithad helped leamers resources. Was looking
meant {not just about adding | such as pie charts, Madeita | again. s would need to ba builtinte | confidence, forward to exploring
ratios). Great to see learnars | positive experiance of maths, it Far next year, although Algebra tiles next yaar
engaging with A03 chunky leaming mentors had been and building in what
questions by drawing blocks showen and theught it was she kad learnt into the
and bars. Light bulb usetul. SOW,
moments.
Daing the bapyember week Banaficial for leamers asa Allowing learners to be in the | Groups preferred the bar General: Next year:
by week, seeing the joy in the | building up method. mament, to be maore creative | modelling approach, Shared some resources with ‘Would like to try using
students faces, being able to and allowing them thinking Leaning coaches and mentors | the Algebra tiles from
build up over time. It felt time. With prompting, who are using them with lowsst | =arly in the year.
mare fun. students were then drawing ability learners. ‘Would want to start
down reprecentations of the I've really enjoyed the off earlier in the year
blocks. | was more interventinns, | feel more with physical
enthusiastc. confident. It's easy to do the rezources, ratio table,
same old ways, this hasgiena | algebra tiles ete,
different way of thinking. Inchude % and
e,
Maths 4 life has been good. Sharing ratio table time constraints meant lwas | It was good to try different
Having the visual alongside interventions with my unable to use Centicubes. | interventions, | just wished we
the question was good for colleagues has been weould like to try them next had narrowed down quicker so
ducing bar madel bereficial, Embedding them | yearearly on in my teaching | we could have done mulfiple
in all startess has been good. | to Introduce topics. tests on the same intervention,
repetition
More time to dedicate to the
AR
Bar models for wordy Imtroduce ratio tahles early The SOLAR could have been
guestions kelps the learners | on for induction weeks 1o set adapted better to fit in with the
find the difference in harder | the tone for the lesrning interventions.
questions
one group didn’t like it They | The bar models and ratio
Activity 8, were rally basic couldn't find the ancwers but | tables gave the students 3
but the scaffolded approach | they then used the bar good structure after being | laved the dasble number lins
they really enjoyed and gave | models and they realised out af schoal for so long after | Fwas nervous about using but didn't use It enough, | really
them a good introduction they could da it wehat they had been through. | these, want to use it again.
Shared bar modsls,
Centicubes and ratio tables In
our starters all staff members | the students enjoyed the | eaisti | had more groups to try
have been encouraged to use | method for them to hook Pwould definitely use themat | 1T an as most of my groups were
them onto the beginning. 50 low level.
The waorksheets | let them
work through it. They were A new teacher who are
brilliant. They could se= the construction learmers. They can
progressian and how you visualise much better. You gave
could apply it. Mot changing me a calculator for a non cale Having the intervantions early
the numbers really helped. At the beginning of the year | question. But needed to be on but i got a bit fost | couldn’e
Using Varfation Theory. they were resistant. earlier on. oy hing, More structured
I have raally enjoyed doing this
hands-on research preject. | am
the students enjoyed the testing myself and getting
Would use the workshest as | method for them to hook sturlents feedback. It forces to
astarting point onto bereflective and
The low leve| learmers
because of the tag and CAG
grading, Ratio tables for them

to having it ina grip was
really Helpful. FS L1 They
‘would draw the tables on the
lami using 2:1 2:1
2i1 but that couldn’t work for
G0C 5o the ratio table worked
really well,

Learner interviews Raw Data
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fraction of an amount

marks on that [A03 Ouestion

Using the bar models to help be understand how
1o find a fraction of an amount

The conversion money. guestions |
The bar mode] heiped me understand how to do Ratio. didn’t get these questions in the e
You can see everything more clearly and work it out Hound that the [ratio tables) helped bo find 50 [Hhe double numbes fine| will belp
A percentages. me next when | do the exams.

Using hgrs and cubes laying out has reslly belped. | am
better at vatios now using the boxes, Not getting confused
or annoyed. Feel more confldent | don't worry about that
now, {understand the perceniages a bit more now, The cubes holped a bit

Thiz massive question we did [ast lessen, | coldn't This method really heiped with the do
Lising the bar modeks to help be understand how 10 find a | do that bafore, my mind was just blank. | got full | Making the cuboid help with the rate method, it helps you

the understanding of the shapes.

Making the cubes and cuboids was
fun and a good understanding of 3d
shapies.

scz\\!ml:'y_un are going with it

You can Imagine where you are going
with it when pealting 10 holidays

You had to count the tops there were
# and sides there were 4 down and

then there are 32 cubes altogether. it

Sicljut

It helped my understanding of 3d
shapes

You're teaching us more about strategies and
stufl, how Lo layout and school. They didn't really
Ihelp us with that. They should make us do the
work.

Irstead of writing it down its sof just

other methods. I've still got ta remind myself to use bars.

doing pevcentage, using the grid and the blocks: sewing them, you can move them
When you showed 3 littls box, that helps me chick. has definifely made it easier. arodnd. It really helps
It teets good to know ITwhen | get It and puts me in 3 good
mond.
1 used 10 just ignore these guestions on an exam - now |
would be happy trying to have 3 go at them. 1 feel more
confident and | can get the answer more easity than with It helped actually show what the

queshon was in a real form

I'm pleased that | can now answer questions | couldn’t
before, | feel more confident,

1 would normally skip these questions. | needed to keep
1rying this approach, | wouldn't get It after just a couple of
weeks.

I need to do stuff lots of times to drill it in

By the end, | visualised the blocks in
my head and didn't need to draw
them.

1 think it would have to be when | leamt how te work out
an area of acircle using bar models 1t surprised me how to

helped me.

In Theary in my electrical installation course |
used ratio tables for the anawer because 1o Kow
a resistance of snmething or resistivity we hawe to
use a caleulator and type in 5 different things that
| didn't know about till | learnt It In maths. The
13t tables helped me.

Tiwe bar models made me onderstand how to break the
guestions down and bulid up the answers. The assessment
atthe end of each topic gives you an opportunity 1o see
now much of the topic you under stand and what parts
you need fo wark on. It alse allows you the see the togic in
different types of exam guestions.

Doing T sheet of fandom maths questions at the
start of each lesson using the ratio tables helps to
keep other toplcs you might not be working on in
lass anymorne fresh in your head and allows to

lesson ahead,

Using Centicubes was useful for
wolume and ratio.

it magde maths fun and

They helped with fractions, perceniages and raties to

divide the nuembers then see the num bars as plitures.

This was useful at the start of the year and |

would lke 10 use these more oftern,

1Tiked woirking in groups using these.

1 Teund this quite hard (o

| Understand bar modelling much better as it's been in the

| Use the [ratio tables] with scale factor in
carpentry lessons, The visual things have helped

| Starters every week. The tion has been good

| with my

much more this year,

| Bat —able to answer more guesti

| future because of carpentry.

Ratio {ables have helped me to understand
percentages better. | will use ratio more in the

j Bar modelling questions | have really enjoyed (pointed to
| prompts). Visually it helped and the yeeay It was Laught.
| Now it better

| Hatlo linking to carpentry, gaps In timber: filier.

58



Effectiveness of Representations in an FE setting.

Appendix D Informed consent.

Centres for Excellence in Mathematics: Action Research Teaching
approach
Research Participant (student) Information
Weston College, it's network partners and the Centres for Excellence in Mathematics (CfEM)
are funded by the Government through the Department for Education.
The aim of the work is to improve the teaching of mathematics for GCSE learners and the
improved progression of all 16-19 learners. As part of this work your maths teacher is taking
partin developing innovative teaching in Maths. This will result in your teacher using a number
of carefully designed resources with you over the forthcoming year. The research team will
investigate the effectiveness of the approach by gathering some data from you. This will
involve you being asked to complete short surveys during the year and your Exam outcome
data being used for the data collection.
The research team from your College would very much appreciate your willingness to take
part in the research. It has the potential to assist generations to come to experience better
teaching in mathematics.

Data Protection

Your data will be tracked but anonymized. We will not be sharing your name, only the progress
that you as pupil (x) have made.

If you wish to withdraw from participating in the research, you should tell your teacher now
and at any time over the next year and complete the form that is part of the participant privacy
notice. If this form is submitted at any time all of your data collected to that point will be
destroyed and no further data collected relating to you.

We do hope, however, that you are happy to participate given the potential that the research
has to inform us how to improve teaching of maths.

Ethical issues
We will ensure your anonymity at all stages and no survey or GCSE outcomes will be

identifiable as belonging to you personally. In the case of any use of video for any purposes
additional permissions will be sought from you.

If you would like any further information about the work of the CfEM programme in general or of
the research programme in more detail please contact Katheryn Cockerton

Katheryn.cockerton@weston.ac.uk

Katheryn Cockerton
CfEM Action Research Lead and Maths Lecturer
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