Chapter 2: Weigh it all up

Introduction
This section makes use of the context of balancing to enable students
to develop a rationale for solving equations. Although this is a context
commonly associated with solving equations, it became apparent in
early trials that many students were not particularly confident in the
way traditional weighing scales work. Consequently the contexts of a
see-saw and a human arm balance were added as a way of enabling
students to access the ideas behind traditional weighing scales.
It was felt to be important that students not only focus on problems
where the weighing scales are balanced, but also consider situations
where they are not balanced and deduce what this might tell them
about the unknown weight of a fruit/vegetable. Another strong thread
in this section is to work with both a picture representation and an
equation representation of a weighing scales problem.
There is a deliberate avoidance of showing a standard procedure for
solving equations. Instead, through embracing the weighing scales
context and developing their own systems of recording what happens
when they remove or add weights, students arrive at strategies for
solving equations that are very close to ‘do the same to both sides’.

Sub sections
Questions

Intended emphasis

Q1–3
Class
activity 1

i)	Developing a sense of how a balance works through the contexts of a
see-saw, a human arm balance and weighing scales.

Q4–9
Workbook
exercises 2.1,
2.2, 2.3

i)	Working with representations of the balance scales photograph (ranging from
a picture that looks very like the photo, to a sketch, to an equation).

Q10–14
Workbook
exercise 2.4

i)	Considering the effect of removing a weight from one side of a set of
balanced scales. The initial focus is on unbalanced scales and how these can
be made to balance again.

OO

OO

OO

OO

OO

OO

OO
OO

Recognising that unbalanced scales can be made to balance either
by removing weight from the lower-down side of the scales, or by
adding weight to the higher-up side.
Recognising that scales that are level and balanced must have the
same total weight on either side.
Using the strategy of known addition facts or counting on to find an
unknown weight (where the unknown object only appears on one
side of the scales), e.g. sugar and 3 ounces balances with 8 ounces.
Using the strategy of subtracting to solve problems similar to the
one above, i.e. sugar weighs 8 take off 3, which is 5 ounces.
Removing identical items (fruit/vegetables) of unknown weight
from both sides of a set of weighing scales in order to maintain the
equilibrium (see Gary’s method).
Adding different items to both sides of the weighing scales in order
to make both sides of the scales look identical (see Ellie’s method).

ii)	Adopting strategies for finding the unknown weight in a variety of balance
problems: when the unknown weight is isolated the strategy is to add the
other known weights; when the unknown weight is together with known
weights the strategy is either to use known addition facts (sugar and 3 ounces
balances with 8 ounces so the sugar is 5) or use subtraction (i.e. subtract
the 3 from the 8). The strategy of removing weights from both sides of the
balance scale tends not to feature here.

ii)	Problems where the fruit/vegetables appear on both sides of the scales to
encourage students to use the strategy of removing equally weighted objects
from both sides of the scales. This strategy is used repeatedly to find the
weight of an unknown fruit/vegetable.

The strategies (or models) associated with this chapter are as follows:
OO

ii)	Interpreting situations where these three types of ‘scales’ are in balance and
situations where they are not.

iii)	Adding weights and fruit/vegetables in order to make both sides of the scales
look exactly the same is offered as an alternative strategy.
Q15–19
Workbook
exercises 2.5,
2.6

i) Moving between the picture representation of a balance problem and the
equation representation of the same problem.
ii) Removal of objects can be represented in several ways: by crossing off objects
on the picture or by crossing off and re-writing the equation.
iii) Some students working on the equations may start to see them as numbers
rather than weights on a pair of balance scales (and so wish to drop drawing
the picture). Others may continue to think in the context of weights.
iv) Students work on representing equations containing brackets such as
3(a + 2) = a + 12 as a balance scales picture.

Resources

Representing a weighing scales picture in a shorthand version similar Workbook exercises 2.1 to 2.6 in Workbook
to an equation.
A set of traditional-type weighing scales and weights
Representing an equation as a weighing scales picture.
Mini-whiteboards
Developing a version of the strategy ‘doing the same to both sides’
of an equation.
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Lesson 1: The see-saw. The grocer
Possible lesson outline
Objective: To develop a sense of how
traditional weighing scales work

Mathematical focus
Using traditional weighing
scales to make statements of
equality and inequality

Lesson phase

Activity

Comments

Whole class

Discussion of how a see-saw works.

Introduction

Comparison of their suggestions for
who to put on the see-saw.

It is important that the students
start to recall the sensations of
being on a see-saw.

Q1

Pairs/Whole class
Class activity 1

Listen out for a mention of the
‘clunk’ as the see-saw goes down.
Students informally compare the
weights of two objects.
Students remove objects from
the teacher’s human balance and
discuss what would happen to the
scales.

Individual and whole class
Q2–4

Students interrogate the photos and
describe what they show.
Students give a written
interpretation of the weighing scale
pictures.

Individual
Q5
Workbook exercise 2.1
Whole class review
Workbook exercise 2.1

Students often find it difficult to
decide which way the scales should
go (up or down).
See Solutions and strategies on
page 13.
The photos need close scrutiny to
decide which weight is which; this
is deliberate.
A good opportunity to drop in the
< and > signs.

Students individually draw pictures
to show what amounts it is possible
to weigh using the standard set of
seven weights.

Some students will naturally
shortcut the pictures and may
present the right-hand side of the
scales as a sum using numbers and
addition symbols.

Students demonstrate a range of
possible diagrams.

Choose diagrams that are close
to the context, i.e. where weights
have been drawn, and ones that
are more mathematical, i.e. use
symbols.

Students compare which weights
could be made between 1 oz and
31 oz.

Some students are surprised that
all whole-number amounts are
possible.
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The see-saw: Solutions and strategies
The see-saw

Chapter 2: Weigh it all up

In the first trial of this chapter, it became apparent that although students were
familiar with weighing scales, they found it difficult to truly appreciate the effect
of placing heavier items on one side of the scales. It was as if some students
believed that because a weight was heavier, this meant the scales went up on the
heavier side. (It is possible that this misconception occurred because higher (up)
usually means more.) We found this particularly interesting given that the balance
idea has been around for a long time as a way of teaching solving equations.
It would seem that if you do want to use the scales as a context that supports
algebraic thinking, then the context itself must be embraced in much more detail.
Consequently, in the second version the context of a see-saw was added,
as it was felt that for many going on a see-saw would be a fairly recent and
imaginable experience. The ‘clunk’ associated with a see-saw going down when
a heavier person gets on it could then be related to the ‘clunk’ of weighing scales
going down on one side. The word ‘clunk’ actually came from a student in one of
the early trials.
Teachers reported that students did find it helpful to be able to relate their
experiences on see-saws to weighing scales. Some teachers also found it helpful
to buy or bring in weighing scales, or borrow them from the Science department,
so students could experiment with ‘What happens if…’-type questions.
1

a) Most students will be in agreement that the see-saw will go down on the side
with the adult. Students may describe some of their own personal experiences
of this. It is helpful to embrace this context here.

1 a) What happens when an adult goes on one side of a see-saw with a
toddler on the other side?
b) Look at the family shown below. What combinations of people would
you suggest should go on the see-saw together?

b) Various suggestions, for example:
The dad and the little girl with two of the middle ones.
The boy and the girl of the same height.
See the picture for one example:
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Class activity 1
Chapter 2: Weigh it all up

This activity can be done in pairs or as a demonstration at the front. You can see
people literally weighing up the relative weights of what they have in their hands
and then deciding which way to tilt.

Class activity 1
The human balance
1 Work in pairs. Person 1 stands with their arms outstretched to
make a human balance. Person 2 places objects on the palms of
Person 1’s hands. Person 1 then has to tilt to show which object
they think is heavier. Repeat with different objects and take it in
turns to be the human balance.

2 Direct your teacher to make a human balance with five marker
pens on each palm. Students take it in turns to remove or add
marker pens. After each move the teacher has to tilt to show what
has happened to the scales.

7

012 12:30

8

1

Here the students work on their sense of what happens with weighing scales
when the scales are heavier on one side than the other. They are also developing
a sense of the relative weights of objects. The use of real fruit, vegetables and
ounce weights would help in terms of connecting with the ideas that follow.

2

The image of the teacher responding to marker pens being removed or added
from his/her human balance is a precursor to ‘removing things from both sides’.

Chapter 2: Weigh it all up
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The grocer: Solutions and strategies
The grocer
2

It is important to establish that these scales are balanced. It became apparent in
early trials that because the scales do not look exactly the same on both sides,
students thought they may not be in balance. It is worth discussing why they
don’t look the same (i.e. the need for a tray) and the importance of the bar being
in the horizontal position.

2 Here is a set of weighing scales.

There is nothing in the dish and there are no weights on the other side.
How can you tell that these scales are balanced?

3

a) These three photos are meant to be studied for some time with students
volunteering their ideas and questions. So, for example, they or you may call
out a range of ideas, such as:

3 a) Look closely at these photographs and describe what you see.

What’s in the bag?
They don’t balance.
It looks old-fashioned.
This initial ‘free for all’ brainstorm is worthwhile rather than focusing on
answering the questions. As more detail is noticed, it is likely that some more
mathematical comments will arise, for example:
The weights are more in the first picture, just about.
The big one is 16 oz.
Note: The decision to use ounces (oz) was made as a way of making the
context of these ‘old-fashioned’ weighing scales authentic. Students may have
experience of using scales nowadays, but it is likely that the scales give an
immediate electronic reading in grams and the notion of making the scales
balance is not around at all.
b) The amount of flour in the bag is the same in each picture, so it is possible to
deduce that:
1

From the first picture the flour weighs less than 16 + 1 + 2 oz.
From the second picture the flour weighs more than 16 + 1 +
1

1

16 oz
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1
–
2

oz

1
–
4

oz

b) How much flour is in the bag?

It is worth getting students to consider how long this method of weighing out
amounts takes compared with what happens nowadays.

Chapter 2: Weigh it all up

2 oz

1
4 oz.

So there is between 17 4 and 17 2 oz of flour in the bag.

14

8 oz
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4 The weighing scales in the pictures date back to 1895. In those days
people used to go to the grocer’s to buy food such as flour, rice, sugar, and
so on. It was not available in pre-packed quantities as it is today. Nor were
there digitalised weighing scales as we see in supermarkets today.

4

The pictures shown in question 4 are a representation or ‘model of’ the
weighing scales that is very close to the original context. As the chapter
progresses the ‘models of’ the scales become more sketch-like and eventually take
on the form of an equation.

The customer would ask the grocer for a certain amount of an ingredient.

a) Flour weighs 25 oz because the scales are shown in balance.
b) Flour weighs 11 oz, again because the scales balance.
c) Flour weighs more than 22 oz. (Possible use of < and > symbols here.)

Good morning Mr Jenkins.
Please could I have 10 oz
of flour?

d) Flour weighs less than 12 oz.
Many students will continue to be challenged by the meaning behind the scales
being down on one side. They seem to find it easier to interpret if they see the
scales going down and hear the ‘clunk’, rather than after the event. So again, it is
worth exploring their thinking at this stage.
In trials it became apparent that investigating the scales not being balanced is
helpful as a means of developing what it means when the scales are actually in
balance.

The grocer would place 10 oz in weights on the scales. They would then
begin to spoon flour onto the tray side of the scales. When the scales
balanced this would tell the grocer that they had the required quantity
of flour.

Each set of scales came with a standard set of seven weights. These were:
–14 oz

–12 oz

1 oz

4 oz

8 oz

16 oz (= 1 pound)

2 oz

The set of weighing scales shown in the photo above has one of the
original weights missing.

9
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Write down a statement about the weight of flour in each of the
following pictures.
a)

b)
16

c)

8

2
4

5

3

(

Largest quantity = 31 4 oz 16 + 8 + 4 + 2 + 1 +

1
2

+

1

d)

16
4

8

2

1

8

)

1
4

Workbook exercise 2.1
1

Students draw weights of their choice on one side of the scales and mark up the
corresponding flour with the total weight. For example:

5 What is the largest quantity you could measure using the standard set of
seven weights?

Now do Workbook exercise 2.1 on pages 1–2 of your workbook.

They try to make some of the amounts from 1 to 31 oz using only the weights
1
1
1, 2, 4, 8 and 16 oz. (The 2 and 4 are soon discarded because of the focus on
making whole-number amounts.)
2

Some students find it quite surprising that all of the amounts from 1 to 31 oz
can actually be made. Gradually some students become fed up with drawing

the diagrams and start to shortcut their recording. This is to be encouraged.
For example, a student who writes 16 + 8 + 1 = 25 could be encouraged to
show their recording system on the board for others to take on if they wish.
It is also worth checking that students can still imagine the context in the
statement 16 + 8 + 1 = 25, with questions such as ‘What does this statement
mean in the context of the scales?’

16
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Lesson 2: Missing weights
Possible lesson outline
Objective: To use the weighing scales idea to
find unknown weights

Mathematical focus
Developing strategies for
solving balance problems with
the unknown on one side

Lesson phase

Activity

Comments

Individual and whole class

Students individually check Elaine’s
list.

It can take a while for some
students to realise that 9 oz is
possible.

Introduction
Q6

Students justify the flour weighing
10 oz.

Q7
Individual
Workbook exercises 2.2 and 2.3

Students either draw or write
their own version of symbols to
see which weights can be made
between 11 oz and 20 oz.
Students use the pictures to find the
weight of the food.

Some students become very
systematic in their approach
to finding possible weight
combinations. This is worth sharing
at the board.
Workbook exercise 2.3 provides an
opportunity to drop in the < and >
signs.
Some students may object to the
supposed uniformity of the weight
of each item of food, which shows
they are thinking contextually.

Pairs
Q8–9

Students design four weighing
problems for their partner to solve.
They mark the answers and discuss
any issues.

Some students take no account of
what weights might be realistic for
their food.
It is worth bringing in various foods
for them to feel and weigh.

11
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Missing weights: Solutions and strategies
Missing weights
6

6 It is possible to buy antique sets of these weighing scales at auctions and

The mistake is 9 oz; this can be done.

online. As you might expect, the set of weights is not always complete.

A return to a picture of scales rather than a mathematical sum to show how to
measure 9 oz is helpful. So a student’s sketch showing a 16 oz weight balancing
with a 1 oz, a 2 oz and a 4 oz next to a bag of flour marked with 9 oz is worth
showing. Questions such as ‘How do you know the bag of flour has 9 oz in it?’
are helpful.

Elaine purchases scales that only have the following weights:
1 oz

2 oz

4 oz

16 oz

She starts to make a list of the quantities she will and won’t be able to
measure.
Elaine’s Grandma thinks she has made a mistake with her list. See if you
can find it.

12
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7

Students give a variety of explanations. E.g. The flour and 6 balances with 16 oz.

Workbook exercise 2.2

7 Elaine’s Grandma says she knows how to measure 10 oz as well, and she

Workbook exercise 2.2 is similar to Workbook exercise 2.1 in that there
is opportunity to begin by drawing on the scales, which can help to enter the
balancing context, but this can be turned into mathematical shorthand by the
students if they wish.

draws the following picture:

If students do opt for shorthand it is worth forcing them back to the context with
questions such as ‘How do you know there are 12 oz (say) in that bag of flour?’
Solutions:
16 oz balancing with 1 + 4 + Flour (11 oz)
16 oz balancing with 4 + Flour (12 oz)
16 oz balancing with 1 + 2 + Flour (13 oz)
16 oz balancing with 2 + Flour (14 oz)
16 oz balancing with 1 + Flour (15 oz)
16 oz balancing with Flour (16 oz)
16 + 1 balancing with Flour (17 oz)
16 + 2 balancing with Flour (18 oz)
16 + 2 + 1 balancing with Flour (19 oz)
16 + 4 balancing with Flour (20 oz)

Explain how you know this flour weighs 10 oz.

Turn to pages 3–4 of your workbook and do Workbook
exercise 2.2.
Now do Workbook exercise 2.3 on pages 5–6 of your workbook.

8 Make up four weighing pictures like the ones in Workbook

exercise 2.3. Work out your answers, and then give the problems
to your neighbour to solve.

9

Workbook exercise 2.3

a) Compare the answers you found for each other’s problems.

Students work out the weights using a variety of strategies. For example, in part a):

b) How realistic were the problems you designed?

I did 16 take off 3.

(Note: A small banana weighs roughly 4 oz and a supermarket-sized
bag of sugar weighs roughly 2 pounds or 32 oz.)

I started from 3 and counted up to 16 to make it balance.
Note: In this exercise students will inevitably start to write ‘s’ as shorthand for sugar,
or ‘b’ for banana. This use of a letter to stand for an object is often seen as something
to be avoided and yet it could be argued that this is part of the natural development
towards the correct use of symbols. In this weighing scales context, the ‘s’ or ‘b’ actually
stand for the weight of the object, rather than the object itself.

Solutions:
1
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a)
b)
c)
d)
e)
f)
g)

Sugar weighs 13 oz
2 salts weigh 46 oz… so 1 salt weighs 23 oz.
6 bananas weigh 30 oz… so 1 banana weighs 5 oz.
3 apples weigh MORE THAN 12 oz… so 1 apple > 4 oz.
7 lemons weigh 21 oz… so 1 lemon weighs 3 oz.
1
2 grapefruits are LIGHTER THAN 21 oz… so 1 grapefruit < 10 2 oz.
3 cabbages weigh 39 oz… so 1 cabbage weighs 13 oz.

h) 3 tomatoes and 2 cauliflowers weigh 47 oz.
Chapter 2: Weigh it all up
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The answers to question 1 are meant to be realistic in terms of actual weights.
Students experience a great deal of difficulty with having a sense of what 3 oz
feels like, but they might be able to answer questions like ‘Does it seem realistic
that a cabbage weighs 13 oz if a lemon weighs 3 oz?’

8

Students invent their own weighing problems, which can be quite revealing in
terms of exposing the way they are thinking about problems of this type.

9

a) Some students will need to discuss their thinking where their answers vary.
b) Some students may have invented puzzles that consider only the numbers and
not whether these are viable weights for the objects. Students can compare
the weights of their objects with a banana weighing roughly 4 ounces to see
how realistic their suggestions are.

20
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Lesson 3: Tipping the balance
Possible lesson outline
Objective: To consider ways of balancing
scales that are not in balance
To find the unknown weight of an object

Lesson phase

Activity

Comments

Whole class

Students describe what the pictures
show and offer various suggestions
as to how to get the scales in
balance again.

There will be several different
suggestions – see Solutions and
strategies on pages 22 and 23.

Students informally compare the
weights of two objects.

Students often find it difficult to
decide which way the scales should
go (up or down).

Introduction
Q10–11

Mathematical focus
Developing strategies for
solving balance problems with
the unknown on both sides

Pairs/Whole class activity
Class activity 1
This is a repeat of the activity from
Lesson 1

Whole class and individual
Q12
Q13

Q14

Individual
Workbook exercise 2.4

Whole class review
Workbook exercise 2.4

Students remove objects from
the teacher’s human balance and
discuss what would happen to the
scales.

See Solutions and strategies on
page 13.

Students describe what has
happened on the scales.

Push for students to justify in the
context why the scales would
remain balanced.

Students draw their own sequence
of pictures of the scales based on
adding or removing objects.

Ask questions that encourage the
students to compare their pictures
– see Solutions and strategies on
page 24 for suggestions.

Students try to unravel the thinking
behind Gary and Ellie’s methods.

Some students find it difficult to
understand Ellie’s method – see
Solutions and strategies on
page 25.

Students use Gary and Ellie’s
methods and then a method of
their choice to find the weight of
the food.

Students vary considerably in the
way they ‘take off’ the food and
weights. Some always remove food
from the top as though they are still
thinking of the actual context.

Students draw, demonstrate and
explain their strategies for some of
the questions.

It is worth keeping alive both Gary
and Ellie’s strategies.
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Tipping the balance: Solutions and
strategies

Tipping the balance

16 oz

8 oz

2 oz

1 oz

1
–
2

oz

1
–
4

oz

10 Describe what you see in the two pictures below.

10 Students volunteer various interpretations of the pictures. Some query whether
there is a third tiny weight on the right-hand side of the first pair of scales; this is
in fact one of the cupboard hinges.
Students usually reach agreement that the scales are in balance in the first picture,
so the weight of flour in the bag is 8 + 2 = 10 oz. (The fact that it takes a while to
deduce which weights are which is deliberate.)
In the second picture the 1 oz weight has been added to the right-hand side of
the scales so now they are not balanced.

14

22
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11 Suggestions will vary:

11 In the second picture a 1 oz weight has been added to the right-hand
side of the scales and this has tipped the balance. Describe some ways in
which you could make the scales balance again.

Take off the 1 oz weight from the right-hand side.
Add flour to the bag (1 oz worth).
Add 1 oz to the side with the flour (if you had another 1 oz weight).

12 a) Describe what has happened from one picture to the next.

Note: The foci of this section are: (i) what happens to a set of balanced scales
if weights are put on or taken off; (ii) how the balance can be restored. It may
therefore be useful to return to the human balance activity from page 8 of the
Student’s Book at this point.

Peppers
= 1 oz

12 a) The focus here is very much on what has happened, rather than on finding
the weight of one pepper. Many students will refer to taking amounts off
both sides. If this is done simultaneously then this could explain why the scales
are shown in balance in all the pictures. Some students will refer to taking
amounts off one side, for example:
Student: ‘You’ve taken 5 ounces off the side with 2 peppers.’
Teacher: ‘What would happen to the scales if you did that?’
Here the teacher is forcing the student to consider the not-in-balance state,
which can be helpful as a way of enabling students to justify for themselves
the need to even this up by removing 5 ounces from the other side as well.

b) Do you think the scales would remain in balance at each stage?
Explain your answer.

b) Justifications will vary:
Yes, because you are removing weights from both sides.
When you take off weights from one side, it goes up to start with.
No, because you wouldn’t take things off both sides of the scales at the
same time.
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13 a) Students’ drawings will vary. Below is one example:

13 a) Draw your own version of the following picture:
Oranges
= 1 oz

It is worth looking at a variety of these drawings at the board and asking
various questions, for example: ‘Which pictures are the most detailed?’,
‘Which was the quickest to draw?’, ‘Which looks the most mathematical?’
and ‘Where are the weighing scales?’

b) Imagine that you are adding or removing objects from the scales
shown. Draw the pictures to match your moves.

This is a situation where sharing drawings and interactions between students
may help to move some of them on in terms of producing more efficient
representations of the situation.

c) What is the weight of one orange?

b) It is important that the students are drawing pictures that closely match what
has happened. In other words, if weights have been removed from one side
only, then the scales should be drawn not in balance.
Some students will not see the point of drawing all these diagrams. They may
wish to cross out on their original diagram. If it arises, this ‘crossing out’ model
is worth exploring as a whole class. Ask questions such as: ‘How do you know
the scales will still be balanced?’, ‘What sorts of crossings out would make
them unbalanced?’ and so on.
c) One orange weighs 5 ounces.

16

24
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14 Two Year 11 students answered question 13 in quite different ways.
Gary’s method:

14 a) Various descriptions, which amount to ‘He removed 3 oranges and 2 ounces
from both sides’. (This may be done in several combinations of moves.)
b) Various descriptions, for example:
She added 2 oranges to the left-hand side and 10 ounces to the right.
She makes each side exactly the same.
c) Students find this difficult to justify, as it requires them to recognise that if
you start with the scales balanced and end up with them balanced (which
they will be if they are identical on each side) then you must have added the
same amount.

Ellie’s method:

d) Students tend to prefer the strategy that relates most closely to their own
thinking.
Note: Ellie’s method was not present in the first version of this book. It arose
as a natural strategy used by some students when answering the questions in
Workbook exercise 2.4. It is very similar to the method of solving equations
known as ‘the difference is zero’.

a) Describe what Gary has done to solve the problem.
b) Describe what Ellie has done to solve the problem.
c) How does Ellie know that 2 oranges must weigh the same as
10 ounces?
d) Which method do you prefer?

Turn to your workbook and do Workbook exercise 2.4 on
pages 7–10.
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Workbook exercise 2.4
1

a) Using Gary’s method:

b) Using Ellie’s method:

2

Strategies for parts B to K will vary. Most students use the crossing off strategy.
This can be done in several ways. Some students will cross off one at a time on
each side; others will try to cross off the maximum amount in one go. Some
students will cross off the top weights first, which is what you would need to do in
the context (because you couldn’t remove weights at the bottom of a stack first).
Some students start to make informal jottings next to the picture to represent
what they have left once they have crossed out. For example: 21 oz = 3o for
part B. This may be an appropriate time for the teacher to ‘drop in’ this way of
recording the situation as the need arises.
Solutions:
B An onion weighs 7 oz (o = 7).
1
1
C A mushroom weighs 2 oz m = 2 .
D A tomato weighs 3 oz (t = 3).
E A cabbage weighs 14 oz (c = 14).
F An apple weighs 5 oz (a = 5).
G A grapefruit weighs 12 oz (g = 12).
H A tangerine weighs more than 2 oz (t > 2).
I A pear weighs more than 6 oz (p > 6).
J 3 apples weigh the same as 2 bananas (or equivalent) (3a = 2b).
K An orange is 2 oz heavier than a lemon (or equivalent) (o = l + 2).

(

26

)
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Lesson 4: Shorthand for balancing. More shorthand. Summary
Possible lesson outline
Objective: To develop ways of solving balance
problems and equations

Lesson phase

Activity

Comments

Whole class

Various students demonstrate how
they see the pictures matching the
shorthand.

Questions of the type, ‘Where can
you see the ‘+2’ in the picture?’ can
be helpful here.

Q16, Q17

Students draw pictures to represent
the balance problem and show
these to the class.

Pictures may vary, in particular the
way multiple weights (i.e. +14)
are drawn – see Solutions and
strategies on page 29.

Individual then pairs

Students draw pictures and find
the missing weights. Students can
compare their pictures and solution
strategies in pairs.

Students may start to resist drawing
as they can visualise what to do just
using symbols; this is great.

Students draw a picture to
represent the balance problem
3(a + 2) = a + 12 and share these
with the class. Likewise with
5b + 7 = 3(b + 4)

One way to compare the pictures is
to ask, ‘Which is the most realistic?’

Students draw pictures and find the
missing weights.

Pictures can help to stress the
multiple aspect of, say, 4(j + 7), but
again some students may not need
them as much as others.

Students demonstrate their pictures
and solution strategies to the rest of
the class.

Some students will continue to
draw and use their pictures to help
them solve the equations. Some
students will be able to work with
the equation itself using their own
shorthand to find a solution.

Introduction

Mathematical focus
Using the ideas relating to
balance scales to solve a range
of equations

Q15

Workbook exercise 2.5

Whole class
Q18, Q19

Individual
Workbook exercise 2.6

Whole class review
Workbook exercise 2.6
Summary

They can return to drawing if they
become stuck.

It is worth seeing a range of these
strategies as a class.
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Shorthand for balancing: Solutions
and strategies

Shorthand for balancing

15 Various explanations. It can help to look at the bananas problem and the
shorthand as a class. Questions such as, ‘Where is the + in the picture?’ and,
‘Where is the = in the picture?’ are worth considering. Highlighting the numbers
in the shorthand and touch-counting the objects may help to reinforce the link
between the context of the weighing scales and the shorthand representation or
‘model’ of this context.

15 When answering the questions in Workbook exercise 2.4, some
students started to write a shorthand version of the pictures.
Look at the shorthand they wrote for questions 1 and 2F below. Does it
make sense to you? Explain what they have done.
A. Bananas

The focus for the next few questions, questions 16 to 19, is on helping the
students develop a way to move from the shorthand version of a problem back to
a scales picture context where they can make sense of the problem.

F. Apples

16 16

18

28
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16 a) Drawings will vary. See below for two possibilities:

16 Here is the shorthand for another balance problem:

16p + 14 = 10p + 44
a) Draw a scales picture for this problem. Try to do this in more than
one way.
b) Work out the value of p.
c) What object do you think p could be?

17 a) Draw a scales picture for the balance problem:

8 + 6q = 20 + 3q

Some students will draw items individually and others will start to group
them together, particularly in the case of the weights.

b) Work out the value of q.
c) Here is a scales picture for the problem:

b) 6p = 30

8r + 15 > 5r + 21

so p = 5

c) Various suggestions:
A pepper?
An orange?
Does it need to begin with p?
17 a)

Does this picture fit with the problem or not? Explain.
d) Use the picture to find out some information about r.

b) 3q = 12...

c) Explanations will vary. Some students think that the heavier side should be the
higher up side of the scales.

Turn to pages 11–12 of your workbook and do Workbook
exercise 2.5.

d) Crossing off r’s and numbers leaves 3r > 6, so r must be > 2.
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Workbook exercise 2.5
1

a)

The purpose of drawing the picture is to encourage students to keep in mind
the scales context. Some students may want to continue drawing a picture in
each case. Some students may start to condense their pictures or stop drawing
altogether. An example of the type of picture:
6r + 15 = 11r + 5

Some students may start to cross off on the equation itself. They may still be
thinking in terms of removing objects but wish to shortcut the recording process.
For example, in part a):
10
5r
6r + 15 = 11r + 5
r=2

This is the place where the teacher can start to naturally ‘drop in’ some of the
more formal ways of recording solving equations. However, it is important that
this is not forced on the students at the expense of destroying the sense-making
and image-building that has gone on up until now.
Solutions to parts b) to h):
b)

6 = 2u

so u = 3

c)

14 = 7v

so v = 2

d)

8t = 4

so t =

e)

21 + 3w = 9 + 7w

so 12 = 4w

f)

2f > 12

so f > 6

g)

7g < 49

so g < 7

h)

62 + 29h = 38 + 33h

so 24 = 4h

1
2

so w = 3

so h = 6

Note: The pictures drawn for parts f) and g) should show scales not in balance.
Students may still have a tendency to incorrectly draw the higher scale as the
heavier side.

2

30
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More shorthand: Solutions and strategies
18 Pictures will vary, for example:

More shorthand
18 Try to make some sense of the shorthand written below by drawing a
scales picture.

3(a + 2) = a + 12
Compare your ideas with the rest of your class.

19 a) Draw a scales picture for the balance problem:

5b + 7 = 3(b + 4)
b) Work out the value of b.

Turn to pages 13–14 of your workbook and do Workbook
exercise 2.6.
Some students may still have a sense of what the object ‘a’ is in their pictures.
Others may have moved into more abstract thinking: ‘a, it’s just a number.’
19 a)

b) 5b + 7 = 3(b + 4)
5b + 7 = 3b + 12
2b = 5
1

b = 22

20
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Workbook exercise 2.6
1

Pictures will vary. Again, the purpose of drawing the picture is to encourage
students to keep in mind the scales situation, and to enable them to develop
a sense of what 4(j + 7) and other bracketed expressions may look like in this
context.
a) An example of the style of work:

2j + 14 = 21
2j = 7
1
j = 32
More formal solutions for parts b) to h) are:
b) 7 + 4k = 2(k + 16)
7 + 4k = 2k + 32
2k = 25
1
k = 12 2
c)

5(u + 5) = 8(u + 2)
so 5u + 25 = 8u + 16
so 9 = 3u
so u = 3

d) 3(m + 8) = 6(m + 3)
3m + 24 = 6m + 18
6 = 3m
m=2
e) 9n + 8 = 5n + 20
4n = 12
n=3
f) 2(p + 12) = 5p + 9
2p + 24 = 5p + 9
15 = 3p
p=5
g) 3(q + 4) + 2 = 2(q + 7)
3q + 12 + 2 = 2q + 14
3q + 14 = 2q + 14
q=0
So is q a feather?
h) 6 + 2(r + 2) = 3(r + 1) + 2
6 + 2r + 4 = 3r + 3 + 2
1 + 2r + 4 = 3r
r=5

32
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Summary
Summary
This summary reflects the chapter’s emphasis on embracing the context of
weighing scales by re-visiting the pictures which closely represent this context.
Later in the chapter, students do work with bare equations, but the emphasis is
on drawing a scales picture as much as it is on solving the equations; this idea
is also re-visited in the summary. The path towards solving equations formally is
deliberately slowed down in this chapter.

In this chapter you worked on the idea of balanced weighing scales and what
this could tell you about the weight of an object. For example:
Bananas
16 16
2

Here you worked out that
the weight of a banana
must be around 5 ounces,
i.e. b = 5.

The context of weighing scales is revisited in Chapter 4 where it is used to provide
an underpinning for the more general strategy for solving equations of ‘do the
same to both sides’.
Students could be asked to draw their own versions of the weighing scales in the
summary pictures and then to describe how they would go about solving these
problems.

Apples
16
8

4

Here you worked out that
the weight of an apple
must be more than
4 ounces, i.e. a > 4.

You developed strategies for solving weighing problems where the objects
appeared on both sides of the scales. For example:
Tangerines
8

4 2

4 4
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8

4 2

4 4

One strategy involved
removing objects from
the scales.

Then you can figure out what an object weighs from what you have left.

6 = 2t
t=3
You developed ways of solving balance problems by drawing scales pictures.
For example, the problem 12y + 4 = 7y + 14 can be drawn as:

By removing objects from both sides of the scales:

You can see that:

5y = 10
y=2

22
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