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	Professional development resource
Unit 3     
Lessons  3ab : The ratio table   


	Lesson summary

	· In these lessons students initially re-visit the ribbon context and are reminded how this can be represented by the bar model. If the ribbon is long, then it becomes inconvenient to draw a bar, which is exactly to scale. This situation is used to provide motivation for another model ‘the ratio table’, which is similar to the bar model in that quantities stay within measures as you work horizontally. However, in a ratio table, it is not necessary to place quantities according to scale. In summary, the ratio table can be thought of as the ‘bar model without scale’.
· Here the contexts offered include ribbon, skirting board, buying multiple quantities of food, best buy, special offers and recipes. In the case of the ribbon and the skirting board, because these are ‘rectangular’ when drawn, they are considered to be quite ‘close’ to the bar model, and to the ratio table it becomes. In the case of the other contexts, representing them by a ratio table is not so natural and students will initially need support to learn how to sketch a ratio table for these contexts.
· The ratio table is an extremely flexible model, which can be used to solve a wide variety of problems in number. (Its use can even be extended to support algebraic thinking). In this material, students develop ways of working with the ratio table to help them solve a variety of problems in multiplication, division, price comparisons, percentage decrease, pie charts etc., where the quantities are directly proportional.

	Focus of students’ learning

	· To develop strategies for setting up a ratio table to represent a variety of situations.
· To be able to fill in other information that they know to be true in their ratio table. (Strategies may include, doubling, halving, adding together 2 quantities to create another, subtracting one quantity from another, scaling by a factor of 10, dividing by a factor of 10. The difficulties some students have in moving from doubling and halving to other scalings will again be apparent here. As students become more efficient in their use of the ratio table, they may begin to develop strategies of scaling down to ‘1’ and scaling up to the required amount, but this should not be forced.)

· To be able to unravel the thinking behind another person’s ratio table (which may well be different to their own.)

· To be able to use the ratio table to solve a range of problems involving direct proportion

	Lesson preparation

	· This lesson is a follow on to lessons 2a and 2b. It can be attempted without exposure to these.

· Mini-whiteboards can help students to draw their own ratio tables without feeling constrained by having to use a ruler, and having to be neat.

· Power point slides are available


The Lessons 
	Stage 1: Buying ribbon and skirting board – Q1 - 3
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Stage 2: Buying in bulk: The Open Later store –Q4 - 7
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Stage 3: At the wholesalers – Q8 - 11
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Stage 4: The Summer Fair – Q12
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Stage 5: Special offers – Q13 - 17
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Stage 6: Recipes -  Q18 – 20 + Worksheet 1
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Stage 7: Lifestyle survey – Q21 – 24 + Worksheet 2
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Stage 8: Multiple strategies – Q 25 - 32
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Lesson commentary 
	Note: There is much more than 2 lessons of material here. This is deliberate so that teachers see the potential for how many ‘topics’ which may previously have been taught in isolation, can be considered with a ratio table. It is up to teachers to choose what and how much they consider appropriate to their groups. Some higher level students may already be fluent and confident in a range of multiplicative strategies, such as long multiplication and division and the unitary method. In this case teachers may want to omit Q 1-12, consider a few of problems 13-24 and focus mainly on Q 25 – 31. 
Stage 1: Buying ribbon and skirting board – Q1 - 3

· Q1a -Students can tackle question 1a individually or as a class. They could demonstrate their strategies at the front of the class and be encouraged to verbalise what they did. Strategies for drawing the bars will vary. E.g. to find 90cm costs £1.39 ½ , a student may find 80cm, 20cm, 10cm and then add 80cm to 10cm. Another student may find 20cm, 10cm and then scale up by a factor of ‘x9’. How do students draw a bar to represent 340cm? Do they also abandon scale because they cannot fit it on the page?  It is important that the students engage with the subtle similarities and difference between a ‘to scale’ bar model and the ratio table, where scale does not matter.
· Qu 2a forces students to consider the context of the skirting board in detail. It is worth discussing why builders prefer using millimetres to other measurements. Ratio tables will vary for Q2a, here is one possibility:

Length (cm)

360

720

1440

1800

2160

Cost (£)

16.80

33.60

67.20

84.00

100.80

You will have to buy 6 pieces to cover the 2000cm which will cost you £100.80

· Qu 3 ratio tables will vary, here is one possibility:
Length (m)

2.4

4.8

9.6

12

Cost (£)

4.00

8.00

16.00

20.00

You will have to buy 5 pieces to cover the 10.8m, which will cost you £20.00
 Stage 2: Buying in bulk: The Open Later store – Q4 - 7
· Qu 4 introduces a ratio table representation for finding how many cartons of juice are in 19 packs. I.e. uses a ratio table to multiply 19 by 12. Again, strategies will vary. It is possible some students will find 10 lots and 9 lots straight away as they would in the traditional algorithm. Some will need more stages but over time may develop strategies that are more efficient. It is worth comparing a variety of strategies for Q4c. 

· Qu 5a: The ‘what else do you know?’ question which was used with the bar model in Unit 2, is again used as a way of encouraging students to freely produce ratio table values. Q5b) Possibilities for calculating 35 lots of 9 may include finding 10 lots, 20 lots, 30 lots, 5 lots and combining.
· Q6a& b) possible ratio tables include:

Number of boxes
1
2
10
20
18

Number of bars
15
30
150
300
270

Number of boxes
1
10
9
18

Number of bars
15
150
135
270

· Q7 – ratio tables will vary. Here is one possibility:

Number of boxes
1
2
20
3
23

Number of packs
48
96

960
144
1104

Stage 3: At the wholesalers – Q8 - 11
· In this section students use two ratio tables as a means of comparing prices to see which is a better buy. For some students it may be obvious that finding the cost of 1 item is a valid means of comparison. However the ‘unit’ of comparison does not need to be ‘1’. For some students it is only after filling in ‘some other values that they know’ in their ratio table that they are able to consider what might be a good ‘unit’ to aim for. 

Q8a & b) Ratio tables will vary. Here is one possibility:
Number of bars
20
40
60
10
70

Cost (£)
14.50
29
43.50
7.25
50.75
Number of bars
14
7
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70
Cost (£)
8.40
4.20
42.00
· Q9 – 11 can all be approached in a similar way. Again, ratio tables will vary.  Students can start to compare each other’s ratio tables and look for strategies that are more efficient. 
Q9 – The second brand of batteries works out to be cheaper (32 batteries cost £16.60)

Q10 – The first brand of butter is cheaper (40 packs cost £48.00)
Q11 – Both of brands of crisps work out to be the same

Stage 4 : The Summer Fair

· Students learn how to use a ratio table to structure their thinking for division strategies, which involve chunking/grouping. Many students of middle to lower ability flounder when it comes to division using the traditional algorithm (the ‘bus stop’). Often their only fall back is to use extremely long primitive methods such as - To do 600 ÷ 8 they want to count up in 8’s until they get to 600, whilst recognising that this is unrealistic in terms of time and accuracy. The ratio table provides them with a means of shortening their ‘how many’ strategy without losing a sense of meaning.
· Q12 – students discuss why Craig has placed particular numbers in particular positions in his ratio table. ‘It’s like you are counting in 16’s until you get to 400’. 
Ratio tables will vary for part d. Here are some possibilities:

Number of packs
1
2
3
30
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29

Number of biscuits
12
24
36
360
348

Number of packs
1
10
20
5
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26
Number of bars
25
250
500
125
650
Number of packs
1
2
20
19
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18
Number of lollies
15
30
300
285
270
Number of packs
1
10
100
50
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25

75

Number of drinks
8
80
800
400
200

600

Number of packs
1
10
5
15
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13
Number of laces
14
140
70
210
182
Stage 5 : Special Offers – Q13 – 17
· Students are introduced to the strategy of using a ratio table to record percentage calculations. In Unit 2 the bar model was used for percentage calculations and it may be that teachers wish to show both the bar model and the ratio table for Qu 13, and encourage the students to compare both models.
Qu13b. An alternative strategy could be to find 10%, then 1%, 2%, ½ %, and then to add 10%, 2% and ½ % to find 12 ½ %

· Qu 14 – students produce a variety of ratio tables to answer. Common strategies include finding 10% then doubling or halving. For some students it is not obvious that they could find 1% by dividing the cost for 10% by 10. Representing 100%, 10% and 1% on a bar that is to scale can help students to justify the links between these percentages.

Answers: Q14a) £1.71,  b) £7.50,  c) £14.51 (rounded),  d) £104

· In qu 15 & 16 students work with ratio tables to find the original price given the increased or decreased price. They may need support to know how to start the ratio table. Initially they may use doubling and halving strategies as a means of finding 100%. Some may begin to recognise that a more general strategy of scaling down to 1% and then up to 100% could be used in every case.

Qu 15b – ratio tables will vary, two possibilities are shown below:
Percent (%)
80
40
20
100
Price (£)
96
48
24
120
Percent (%)
80
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1
100
Price (£)
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1.2
120
Qu15c – ratio table drawn showing 80% as £116. Strategies will vary to find 100% as £145.
Qu 16 – ratio tables will vary. Answers – a) £180,  b) £20,  c) £60,  d) £80
Qu 17 – ratio tables will vary. A possible version is shown:

Percent (%)
125
250
500
100
Price (£)
2.80
5.60
11.20
2.24
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Coffee price before increase is £2.24. 
Using a similar strategy, scone price before increase was £1.28
Stage 6 : Recipes – Q18 – 20 + Worksheet 1
· Students will have some experience of using recipes from their Food Technology lessons. It is worth embracing the context here. Do they think the salmon pasta and banana ice recipes look easy to make? Would any of the ingredients be difficult to get hold of? Do the students themselves have any experience of cooking meals for their friends?
Qu 18 – a possible route from 8 to 22 people is to do 16, 24, 4, 2 people, then subtract 2 people from 24 people. (or add together 16, 4 and 2 people). See below.  Students may need support dealing with the fractional quantities of parmesan. (Drawing a picture such as a bar may help.)
Number of people

8

16
24
4
2
22
Salmon (g)

500

1000
1500
250
125
1375
Pasta (g)

600

1200
1800
300
150
1650
Cream (ml)

300

600
900
150
75
825
Lemons

2

4
6
1
½
5 ½
Parmesan (tsp)

1

2
3
½
¼
2 ¾
Qu 19 – a possible route from 6 to 15 portions is to do 12, 3 people then add these for 15 people. Some students will find 10 portions harder to generate, a possible route from 6 portions to 10 portions is to do 12, 3, 1, 2 portions and subtract the 2 portions from the 12 portions (or scale the 1 portion up by 10). The step of splitting a quantity into 3 parts (either 3 portions down to 1, or 6 portions down to 2) represents a big challenge for some students (representing this on a bar split into 3 parts might be helpful.) In addition, dealing with the fractional quantities is a challenge and again may need teachers to draw pictorial representations, which help the students, make sense of say what 1/8 split into 3 parts might be worth. Some students may make the valid point that if you were cooking, you are more likely to simply estimate the fractions of a teaspoon and so on. This provides a nice interplay between the reality of a contextual situation and the problems that sometimes arise when mathematizing a situation.
Number of people

6

12
3
15

1
2
10

Bananas

4

8
2
10

2 x 1/3
4/3
6 2/3

Vanilla essence (tsp)

¼ 

2/4
1/8
5/8

1/24
2/24
5/12

Sugar (tbsp)

3

6
1 ½
7 ½

1/3 + 1/6
1
5

Buttermilk (ml)

210

420
105
525

35
70
350

· Qu 20 provides an opportunity for more practice on recipes of the student’s choice. It could be a homework task.
Stage 7: Lifestyle survey – Q21 – 24 + Worksheet 2

· In Qu 21 students are asked to consider which the favourite leisure activity is for themselves and their parents. This is a deliberate device to force them to engage with the context of the data, which is presented to them in Qu22. It is not necessary to collect a data set for your class (although this is an option if you wanted to get some comparable data.)
· Qu22a) Students will by now be familiar with the doubling strategies used in this ratio table. It is worth asking whether any students could have gone straight from 40 people to 360 people, as a way of shortening the strategy. Qu 22b) Reasons will vary: ‘he wanted 360 because there are 360 degrees in the whole circle’ ‘it makes 1 degree for each person’ …
Qu22c) Descriptions will vary. Some students will notice the markers round the circle at 30, 60 and 90 degrees from the top measured clockwise, and anticlockwise. Sketching is deliberate to force the students to think about the relative sizes of each portion and whether these make sense or not, use of a protractor can be a distractor.
Qu 22d, a possible ratio table and sketch are shown below:[image: image111.png]View || Design  Layout
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Qu 22e) Various statements. E.g. ‘More parents prefer watching TV, whereas teenagers prefer computer games.’ ‘Parents prefer reading whereas teenagers prefer communicating with their friends.’ ‘The proportion of people who prefer doing other activities is similar for both teenagers and their parents.’

· Qu 23a) Students choose a category for the number of hours they and their parents spent watching TV last night, as a way of engaging with the context.
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Qu 23b) possible ratio tables and pie chart sketches are shown below:

Some students may find the route from 75 people to 360 people quite tricky. This is deliberate to force a need to look for strategies other than doubling and halving. Some students may recognise the usefulness of being able to see how many lots of 75 are needed to make 360, and may also recognise how they could use their calculator to find this scaling factor. For students who are just holding onto the ideas around doubling and halving, the leap to dealing with 75 may be too great at this stage and perhaps should be avoided for now.
The angles are also more difficult to ‘sketch’, this creates a need for using a protractor and some students may request this.

Qu 23 c) Various statements. E.g.’ there are more parents watching TV for a small amount of time (under 1 hour) than there are teenagers.’ ‘More teenagers watch several hours of TV a night compared with their parents.’ ‘Overall teenagers seem to watch more hours of TV then their parents.’
Qu 24a) Students choose a category for the number of hours sleep had by themselves and by their parents on the previous evening, as a way of engaging with the context.
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Qu 24b) possible ratio tables and pie charts are shown below. Note pie charts have now been drawn using a protractor and some students may be doing one step scaling in their ratio tables, using a calculator.
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Qu 24c) various statements. E.g. ‘The most common amount of sleep for both the teenagers and the parents is between 8 and 9 hours sleep a night’. ‘Quite a few more teenagers have more than 10 hours sleep compared with their parents.’ ’there are proportionally more parents in the low amounts of sleep categories than there are teenagers.’
Stage 8: Mixed questions and mixed methods – Q25-32

· Qu 25 - student descriptions of each method will vary. Questions such as ‘where can you see the 1/8th of an inch in each method?’ are useful devices for forcing students to look at the detail and also for helping them compare across methods. ‘Which method makes most sense to you?’ can also be revealing. The third strategy of maintaining the operation of division when dividing fractions is a powerful one (first seen in Unit 1, end of lesson 1d) and may be something you wish to take further with your group. It negates the need to ever teach the rule ‘invert and multiply’. Alternatively, it gives students an opportunity to connect up the two strategies.
· Qu26 – students often find it a challenge to use a variety of methods, they often have a preferred strategy and want to stick with that. However it is an extremely worthwhile activity in terms of enabling students to make connections.
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Q26a)
Using method 1

Pieces of ribbon

1

2

4

8

16

Length (feet)
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Using method 2: 
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                 Using method 3:                
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Qu 26b)
Using method 1

Number of parts
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3
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Using method 2

Using method 3: [image: image125.jpg]
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Qu 26c

Using method 1:

Number of parts

1

2

3

12

1 
13 
Amount (whole ones)

[image: image12.png]


 

[image: image14.png]


 

[image: image16.png]


 = 1

4

[image: image18.png]


 
4 [image: image20.png]



Using method 2: 
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                 Using method 3:                

· Qu 27 offers students two strategies for multiplying mixed numbers through the context of area. Discussion and further detailed drawing of particular parts of the sheet of metal may be necessary to help students justify particular areas. For example, they may struggle to justify why the small area, which is ¼ of a whole square across by ½ of a whole square down, would have an area of 1/8 of a whole square. (Drawing a 1 inch by 1 inch square and fitting in the ¼ inch by ½ area into this can help.) In the ratio table they may struggle to justify why when the length is 1 inch, the area is 3 ½ square inches.(Again the picture can help with this.)
Qu27a) 
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Using method 1:

Length (feet)
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a) Draw a bar torepresent the ribbon and use it to work out the cost of
() 90cm of the ribbon
(i) 340cm of the ribbon
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Qu 28b)
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Craig uses a ratio table to work out how many multipacks of crisps he will need to order to get 400
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Using method 1:

Length (feet)

[image: image141.png]John uses a ratio table like the one below to work out how much of each ingredient he will need. If
everyone comes then there will be 22 people.
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Using method 2:

· [image: image150.png]


[image: image151.png]


[image: image152.png]


[image: image153.png]


In Qu29 the context of comparing animal speeds is considered using two strategies: (1) the formula speed = distance / time and (2) a ratio table. Using the formula, the students effectively find the number of metres travelled in one second. In the ratio table the common ‘unit’ is 1000 metres. It would however be quite possible to produce a ratio table where the common unit is 1 second, in which case the two strategies would be even more similar. 

Students may also notice that every time you work out distance / time for the ratio table values, you end up with exactly the same value. This is true of all ratio tables, but may only become apparent here. Students should be encouraged to notice this and to look back and see whether it is the case for all ratio tables.

· Qu 30a) Strategies will vary. Here are 2 possibilities:

Elephant speed = [image: image44.png]


 = [image: image46.png]


 =  11 [image: image48.png]


 metres in a sec.
Bear speed = [image: image50.png]
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 metres in a sec

The bear is quicker.

Using ratio tables:
Elephant distance (m)

300

600

1200

Time (secs)

27

54

108

Bear distance (m)

400

800
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1200

Time (secs)

30

60

90

· Qu 30b) Strategies will vary. One possibility using a ratio table and a calculator:
Cheetah distance (m)
480
1920
115200
Time 
15 secs
60s= 1min
1 hour
115200 metres = 115.2 Km 

(5 miles roughly = 8Km)

Using a calculator (115.2 ÷ 8) x 5 = 72 miles.

Cheetah’s speed 72 miles per hour, which is slightly higher than the national speed limit.

· Qu 31- Students tend to find the first method easier to justify. Scaling up by a factor of 100 seems logical as a way of eliminating the decimal number of miles. They can also usually see the similarities between method 1 and method 3. Questions such as ‘how many times bigger is 1 mile compared with 0.65 miles?’ may help students to make sense of the calculations performed in method 2.
· Qu 32 – strategies will vary, students may attempt one of the methods used in Qu 31, or another of their own.

Using the ratio table provides a uniformity of approach both for part a) where the students are given the time for 0.85 miles and have to find the time for the larger distance of 1 mile and for part b) where the students are given the time for 1.35 miles and have to find the time for the smaller distance of 1 mile. (see below)
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Whereas the bar model picture for each part (see below) seem to make it less clear about what calculations need to be performed. 
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It will be worth hearing how students interpret the pictures as an aid to identifying and justifying the necessary calculations.


	Adapting the lesson

	· In previous trials, this material was accessible to all levels of student. The differentiation comes from the ways in which the students tackle each problem. Specific prior knowledge is not required. 
· Several Higher ability students may already have efficient strategies for solving the problems in this material. For these students, you may wish to hand pick a few questions from stages 1 - 7 in order to introduce ratio tables and then focus on Stage 8 material ‘Mixed questions and mixed methods’. In Stage 8, students are shown several strategies for solving particular problems (one of which is the use of a ratio table) and are asked to try and make sense of each strategy. They are also asked to use particular strategies. Forcing students to make sense of and work with unfamiliar strategies can be a useful way of enabling them to develop a deeper understanding of their own preferred strategy.
· The ratio table is a strategy, which enables middle and lower ability students to structure their thinking around proportionality problems in a way that makes sense to them. The more familiar these students become with its use, the more they start to see the potential for use of the ratio table across many topic areas in Number. 

· The ratio table has the potential to enable middle and lower ability students to move from additive thinking to multiplicative thinking, although for some students this is a long stage of development, and may only come as a result of years of working with both the bar model and the ratio table.

	Suggestions for lesson study focus

	You might want to consider these aspects of student’s thinking:
· How do the strategies the students use to fill in their ratio tables differ?
· As students become more practiced in the use of a ratio table, do they become more efficient? (I.e are they able to reach the required amounts in fewer steps?)

· What evidence can you gather to show that some students find it difficult to go beyond working additively (i.e. doubling, halving, adding one quantity to another…) to working multiplicatively (i.e scaling up and down by factors other than 2.)
You might also want to consider pedagogic aspects such as these:

· In what ways can the teacher help students to share their strategies with each other and to listen to each other’s thinking. This could be in a paired, group or whole class setting.

· In conjunction with this, how can the teacher help develop a student’s ability to interrogate each other’s thinking.

· More generally, in what ways do you see your role as a teacher evolving as a result of engaging with the lessons in this project?

	Research background to the lesson

	· In Realistic Maths Education (RME), the ratio table, like the bar model is seen as a very helpful and widely applicable model. (See Gravemeijer, K; 1999, ‘How emergent models may foster the constitution of formal mathematics’, Mathematical Thinking and Learning 1(2), 155 – 177. See Middleton, J.A. and Van Den Heuvel-Panhuizen, M, 1995 ‘The ratio table’, Mathematics teaching in the Middle School 1(4), 282 – 288.) It offers ways of enabling students to make sense of a wide range of problems including those relating to multiplication, division, fractions, percentages, decimals, ratio, pie charts, similar triangles and proportional reasoning in general.
· Teachers who trialled the RME approach in the UK over a number of years found that the ratio table was a strategy that their students became very fluent in. They reported situations where students preparing for GCSE, noticed for themselves just how many questions could be answered using a ratio table (or a bar.) The following examples of students work are taken from the mock papers of some middle to low ability Year 10 students and give a flavour of the range of GCSE questions which students can access with a ratio table:
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· Some mathematics departments who were involved in trials, have created schemes of work which take account of what a learning trajectory based on developing use of the bar model and the ratio table over a five year period from Y7 to Y11 might look like.



Buying ribbon and skirting board

1. Ellie buys 40cm of this ribbon. It costs her 62p. 
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a) Draw a bar to represent the ribbon and use it to work out the cost of

(i) 90cm of the ribbon

(ii) 340cm of the ribbon

b) Here is the bar Ellie drew to find the cost of 340cm of the ribbon
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(i) Is Ellie’s bar drawn to scale or not?
(ii) In what order do you think Ellie filled in her bar?
c) The table shown below is a another way of recording information about the ribbon:
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Make a copy of this table and fill in some other values that you know to be true.
d) The shop assistant does a quick calculation to find the cost of 340cm. This is shown below:
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(I) How does this table compare with the one you drew in part c?
(II) How does this table compare with the bar Ellie drew in part b?

e) Draw a table like the shop assistant did to help you work out the cost of 620 cm of this ribbon
2. Ellie also calls at the DIY store. She has a builder coming to put new skirting board and beading in her bedroom. She chooses the ‘ogee’ style of skirting board shown in the picture:
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The ticket details for this skirting board are shown in the box above.
a) Which parts of the skirting board do the measurements refer to?

b) The distance around the walls of Ellie’s bedroom is 20 m.

Ellie cannot decide whether to do her calculations in metres, centimetres or millimetres.

She starts her ratio table like this:
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Use this ratio table (or one of your own) to work out how much it will cost Ellie to buy enough skirting board to go around her bedroom walls.

3. Ellie chooses the beading shown below. She decides to bead only the two outside walls of the room, as these are the draughtiest. This is a distance of 10.8 m. 
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Use a ratio table to work out how much it will cost Ellie to buy enough beading to cover the two outside walls.

Buying in bulk: The ‘Open later’ store[image: image172.png]] & 2 4 45 s
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4. Craig is the manager of an ‘Open later’ convenience store. Every Monday morning he does a stock check and places orders for products he is running short of.

Supplies of pure orange juice are running low. The cartons of juice come in packs of 12. Craig uses a ratio table to work out how many cartons of juice he will get if he orders 19 packs. His working is shown below:
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a) How do you think Craig set up the ratio table?

b) Explain how he found the numbers in the other columns
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Craig started his ratio table like this:

Make a copy of the start of Craig’s ratio table and use it to find the number of drinks in 28 packs.

5. Tins of soup come in trays of 9. 
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Craig starts a ratio table as follows:
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a) What else do you know? Copy the table and fill in some other values.

b) Find the number of tins in 35 trays.
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Ice-lollies come in boxes of 15. 

a) Use a ratio table to find the number of bars in 18 boxes.

b) Compare your ratio table with other students. Is there only one way of finding a correct solution?

7. Packs of chewing gum come in boxes of 48. Use a ratio table to work out how many packs there are in 23 boxes.

At the wholesalers

8. Every fortnight Craig goes to the wholesalers to restock on the supplies he is short of.Craig needs to restock on his supply of chocolate bars. He looks at the brands available to see which is the best buy.
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A box of 14 bars costs £8.40



A box of 20 bars costs  £14.50

Craig draws two ratio tables and wonders how he can compare the prices
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a) Copy the ratio tables and fill in some other quantities that you know the cost of.
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b) Can you figure out which brand is cheaper? How did you do it?

9. Craig is wondering which brand of batteries to go for.
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A box of 24 costs batteries costs £14.40 


A box of 32 batteries costs £16.60

a) Make two ratio tables and fill in some other quantities of batteries that you know the cost of.

b) Which brand is cheaper?
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The wholesale prices for two brands of butter are as follows:
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A box of 40 packs costs £48.00



A box of 36 costs £45.00
c) Make two ratio tables and fill in some other quantities of batteries that you know the cost of.

d) Which brand is cheaper?

11. The wholesale price for two multipack of crisps are as follows:


Blue brand : 16 packs cost  £2.40    

Red brand: 18 packs cost  £2.70
a) Make two ratio tables and fill in some other quantities of batteries that you know the cost of.

b) Which brand is cheaper?

The Summer fair
12. The local primary school are preparing for their summer fair. The head of the PTA asks Craig if he can order some sweets and crisps from the wholesalers for the PTA to sell at the school fair. 

Below are the details of what the PTA would like Craig to buy:

	
	Number in a pack
	Number required

	Packets of crisps
	16
	400

	Wafer biscuits
	12
	350

	Chocolate bars
	25
	650

	Ice lollies
	15
	280

	Sort drinks
	  8
	600

	Strawberry laces
	14
	180


Craig uses a ratio table to work out how many multipacks of crisps he will need to order to get 400 packets of crisps. This is shown below


a) How did Craig start off his ratio table

b) Explain how he filled in the numbers in the other colmns.

c) How did he know when to stop?
d) Draw ratio tables to help you work out how many packs Craig will need to buy of the other items in the list.

Special offers.

13. On his visit to the wholesalers Craig notices that some items are reduced:

The multipacks of crisps normally priced at £2.40 have 12 ½ % off.

Craig jots down a quick calculation to find the reduced price:


a) Craig started his ratio table like this: 


Explain how he filled this in
b) How else could he have used a ratio table to find the reduced price of the multipack of crisps.
14. Draw ratio tables to work out the following price reductions

a) Find the price of a pack of lollies costing £1.80 after a 5% reduction

b) Find the price of a jumbo box of chocolate bars costing £12. 50, after a 40% reduction

c) Find the price of a box of batteries costing £18.60 after a 22% reduction.

d) Find the price of a mini flatscreen TV costing £160 after a 35% reduction.

15. The wholesalers has a special offer on trampolines. They have been reduced by 20%.

The 10 feet trampoline is now priced at £96. Craig wonders what the original price was. He thinks he can use a ratio table to help him work this out. He starts his table like this:


a) Explain how he set up the ratio table

b) Make a copy of the ratio table and use it to find the original price of the trampoline

c) The price of the 12 feet trampoline after a 20% reduction is £116. 
Draw a ratio table and use it to find the original price of this trampoline.

16. The wholesalers has a number of special offers running:

a) The price of an ipod touch is reduced by 25% to £135. What was the original price?

b) The price of a CD player is reduced by 10% to £18. What was the original price?

c) The price of a mobile phone is reduced by 20% to £ 48.  How much of a saving is this on the original price?

d) The price of a lamp is reduced by 15% to £68. What was the original price?

17. Craig notices that the café in the wholesalers has had a makeover since his last visit. Instead of being self-service there are now staff employed to bring the food orders to tables. As a result of these changes the café has increased its prices by 25%.

Craig orders a cup of coffee costing £2.80 and a scone costing £1.60.

Craig wonders what these items would have cost him before the price increases.

a) Draw ratio tables to help you find the cost of a coffee and a scone before the price increases.
Recipes

18. John is planning a party for a group of his friends. He wants dishes that are easy and quick to make.

He decides on ‘Smoked Salmon Pasta’ as the main course.

The recipe is shown below:



John uses a ratio table like the one below to work out how much of each ingredient he will need. If everyone comes then there will be 22 people.

	Number of people
	8
	
	
	
	
	
	
	

	Salmon (g)
	500
	
	
	
	
	
	
	

	Pasta (g)
	600
	
	
	
	
	
	
	

	Cream (ml)
	300
	
	
	
	
	
	
	

	Lemons
	2
	
	
	
	
	
	
	

	Parmesan (t sp)
	1
	
	
	
	
	
	
	


a) You can find a copy of this table on Worksheet 1. Fill in how much of each ingredient you would need for different amounts of people

b) Work out how much of each ingredient is needed for 22 people.

19. For one of the desserts John decides to make Banana ice cream. The recipe is shown below:


a) The ratio table for this recipe is on Worksheet 1. Fill in some other quantities.

b) How much of each ingredient would you need to make

 i) 15 portions

ii) 10 portions

20. Look up a recipe of your choice. Work out how much of the ingredients you would need to make it for 10 people.

Lifestyle survey: Teenagers and their parents

21. Ricky is preparing an article for the school magazine on how the lifestyle of teenagers compares with that of their parents. A number of students at Ricky’s school have responded to his online survey. The survey asked about favourite leisure activities, number of hours sleep, number of hours spent watching TV and so on.

Ricky starts to collate the results, so he can decide the best way to communicate the results to the readers of the magazine.

Favourite Leisure activities in the home

Students were asked to choose one favourite leisure activity to do at home from the following list:

	Watching TV


	Playing Computer games
	Reading
	Communicating with friends
	Other (please state)


a) Which category would you tick (i) for yourself and (ii) for your parents?

22. Ricky collates the results into two tables as follows:

Ricky thinks a pie chart would be an effective way to display the results in the magazine.

Below you can see the work that Ricky does in order to draw a pie chart for the teenagers:


a) Describe how you think Ricky filled in the extra columns in his table.
b) Why did he want a column where the total was 360 people?

c) Ricky produced a sketch for his pie chart. He did not use a protractor. How do you think he went about making the sketch

d) On Worksheet 2 there is a copy of the ‘Favourite activity parents’ results table.

Use Ricky’s methods to sketch a pie chart showing the results for parents.
e) Make three statements comparing the favourite activities of the teenagers compared with their parents.

23. Next Ricky looks at the results for the number of hours spent watching TV. 
Number of hours spent watching TV in the evening

For this question, students were asked to choose from the following categories based upon how many hours (h)  they and their parents had spent watching TV on the previous evening. ( from 4pm onwards.)

	0 hours


	0 < h ≤ 1
	1 < h ≤ 2
	2 < h ≤ 3
	3 < h ≤ 4
	More than 4 hours

(Please state how many)


a) Based on last night’s TV viewing, which category would you tick (i) for yourself and (ii) for your parents?

Ricky collates the results into two tables as follows:


b) A copy of these tables can be found on Worksheet 2. Use the tables on Worksheet 2 to create a pie chart for each table

c) Make 3 statements comparing the teenagers and their parents on the number of hours they spent watching TV 

24. Next Ricky looks at the number of hours spent asleep in one night:

Number of hours of sleep per night

Students were asked to choose from the following categories based upon how many hours (s) they and their parents had spent sleeping on the previous evening.

	6 hours or less

(Please state how many)


	6 < s ≤ 7
	7 < s ≤ 8
	8 < s ≤ 9
	9 < s ≤ 10
	More than 10 hours

(Please state how many)


a) Which category would you tick (i) for yourself and (ii) for your parents?

Ricky collates the results into two tables as follows:

b) A copy of these tables can be found on Worksheet 2. Use the tables on Worksheet 2 to create a pie chart for each table

c) Make 3 statements comparing the teenagers and their parents on the number of hours sleep for one night.

 Mixed questions, mixed methods
25. How many sequins [image: image56.png]


  of an inch wide can be cut from a strip of plastic 5[image: image58.png]


   inches in length?
Here are three approaches to the problem:


Study each method and describe the thinking

26. Answer each part of this question using all three of the methods shown above
a) How many pieces of ribbon [image: image60.png]


  of a foot long can be cut from an 12 feet length of ribbon.
b) Work out 7 [image: image62.png]
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c) Work out 4 [image: image66.png]
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27. What is the area of a rectangular sheet of metal that is 4 [image: image70.png]


   inches long by 3  [image: image72.png]


  inches wide?

Here are two approaches to the problem

Study each of the methods and describe the thinking

28. Answer each part of this question using all three of the methods shown above

a) Find the area of a rectangular shaped floor measuring 12 [image: image74.png]


  feet by 7 [image: image76.png]


 feet

b) Work out 9 [image: image78.png]


 x 4 [image: image80.png]


 

29. a) Which do you think is faster, a horse or a greyhound?

b) A scientist records the top speeds of these two animals. The horse ran 500 metres in 25 seconds. The greyhound ran 400 metres in 22 ½ seconds. Which animal is faster?

Here are two approaches to part b).:


a) Study each approach and describe the thinking

b) Where can you see one approach within the other?

30. a) Use a method of your choice to decide which animal is faster between an elephant who runs 300 metres in 27 seconds and a grizzly bear who runs 400 metres in 30 seconds.
c) How does a cheetah running 480 metres in 15 seconds compare with the national speed limit of 70 mph?

31. It takes Elaine 4 minutes to run 0.65 miles.
How long would it take her to run 1 mile at the same pace.

Here are 3 approaches to this problem:


a) Study each approach and describe the thinking.

b) Where can you see one approach in another approach?
32. a) It takes Helen 6  minutes to run 0.85 miles

How long would it take her to run 1 mile at the same pace?

a) It takes Harry 9 minutes to run 1.35 miles.

How long would it have taken him to run 1 mile at the same pace?

Students revisit the context of the ribbon and its representation on the bar model. Sometimes it is not practical to draw the bar model to scale, instead the various quantities can be represented in a ratio table.  Students are introduced to the ratio table here and asked to look for differences between the bar model and the ratio table representations. They then draw ratio tables to help them find the cost of ribbon and skirting board. 








Students are introduced to the ratio table as a way of finding the total number of items in various supermarket packs. i.e. the students develop their use of the ratio table to perform long multiplication type problems. Within the ratio table students will use a variety of differing strategies, which would be worth sharing as a class.








Now students are introduced to ratio tables as a way of comparing quantities to see which is the ‘better buy’. Rather than scaling down to find the price of 1 unit (which is not an obvious step for some) students choose to scale up to a common ‘unit’. i.e. in the case of comparing costs for 20 items with costs for 14 items, students may choose to find the cost of say 70, or 140 of each item. 








Here the ratio table is used as a way of helping students structure their thinking in order to perform divisions through chunking (grouping). For some students this becomes a natural progression from using the ratio table to carry out multiplications as they did in Stage 2. 








The topic of percentage, which was looked at using the bar model in Lesson 2b, is revisited here. Many students who use the bar model, or the ratio table tend to favour strategies of doubling, halving and adding quantities together. The use of percentage can force some students into a different scaling; that of dividing by 10 (and by 10 again.) Hence the topic of percentage is chosen because of its potential for moving the students from additive to multiplicative thinking  





The context of recipes can be represented by a ratio table with more than 2 quantities (rows). Traditionally recipes are presented as a list of ingredients one written underneath the other. Transferring this format into a ratio table means that as students fill in across rows, they stay ‘within measures’ as they work horizontally. This is consistent with the way they have previously worked on ratio tables and with the number bar which is also in most cases presented horizontally. Where students struggle to halve quantities such as the ¼ t spoon of vanilla essences in Q19, they should be encouraged to ‘draw something’ as a way of enabling them to make sense of the problem.








This section introduces the idea of viewing a pie chart as a potential ratio table. This idea came from Year 11 students who had worked for several years with ratio tables. Quite unprompted they suggested that a frequency table was ‘like as ratio table’.


Building on from the idea that the circle represents 360 people (rather than 360 degrees), students are encouraged to sketch their pie charts. This encourages students to return to a theme from Units 1 & 2, where they were encouraged to fairly share out (by eye) marshmallow tubes, subway sandwiches and blocks of cheese. 








This section is aimed at higher level students. The questions are designed to enable these students to engage with the ratio table as one of a number of solution strategies. Students are required to unravel the thinking behind each strategy; to try to see one strategy within another, and then to attempt to use each strategy. The questions include division and multiplication of fractions, speed calculations and scaling to ‘1’ as the unit. As well as the ratio table, solution strategies also feature pictorial representations, as a further aid to sense making.








The second brand is cheaper (14 bars for £8.40) 





To get 350 biscuits you would need to buy 30 packs





To get 650 chocolate bars you would need to buy 26 packs





To get 280 lollies you would need to buy 19 packs





To get 600 soft drinks you would need to buy 75 packs





To get 180 lollies you would need to buy 13 packs





X 100





÷ 80





X 100





÷ 80





12 ÷ � QUOTE � ��� 


= � QUOTE � ��� ÷ � QUOTE � ��� �= 48 ÷ 3 = 16








7 � QUOTE � ��� ÷ � QUOTE � ��� 


= � QUOTE � ��� ÷ � QUOTE � ��� �= 45 ÷ 1 = 45








4 � QUOTE � ��� ÷ � QUOTE � ��� 


= � QUOTE � ��� ÷ � QUOTE � ��� 


= � QUOTE � ��� ÷ � QUOTE � ���  = 27 ÷ 2 = 13 � QUOTE � ��� 








The bear is quicker





Examples of KS4 students using ratio tables to answer GCSE questions involving division, percentage and conversions.





Ogee skirting


18 x 119 x 3600 MM


£16.80





MDF painted beading


2400 x 18 x 18 MM


£4.00





Smoked Salmon Pasta


Serves 8


Ingredients


500 g smoked salmon, cut into small pieces


600 g pasta


300 ml single cream


Juice of 2 lemons


1 tbl sp parmesan cheese


Parsley to taste


Method


Cook and drain the pasta


Add the smoked salmon and the lemon juice to the pasta, cover and leave to stand for 2 minutes


Return to a low heat and stir in the cream 


Spoon the smoked salmon pasta into warm bowls and sprinkle with parsley and parmesan cheese











Banana ice cream


Serves 6


Ingredients


4 ripe banana, cut into chunks


¼ tsp of vanilla essence


3 tb sp sugar


210 ml of buttermilk


Method


Spread the banana chunks on a tray and put in the freezer for about 1 hour


Place the frozen chunks in a food processor, add half the buttermilk and the remaining ingredients. Turn on the food processor. Part way through add the remaining buttermilk, keep the food processor running.


Blend the mixture to achieve a smooth texture. Serve immediately.











Favourite activity parents





Favourite activity�
Number of people�
�
Watching TV�
24�
�
Computer games�
10�
�
Reading�
11�
�
Communicating with friends�
8�
�
Other�
7�
�
Total�
60�
�












Favourite activity teenagers





Favourite activity�
Number of people�
�
Watching TV�
7�
�
Computer games�
13�
�
Reading�
5�
�
Communicating with friends�
11�
�
Other�
4�
�
Total�
40�
�












Number of hours spent watching TV; parents





Number of hours TV (h) in one night�
Number of people�
�
0�
8�
�
0 < h ≤ 1�
12�
�
1 < h ≤ 2�
26�
�
2 < h ≤ 3�
19�
�
3 < h ≤ 4�
6�
�
More than 4�
4�
�
Total�
75�
�









Number of hours spent watching TV; teenagers





Number of hours TV (h) in one night�
Number of people�
�
0�
1�
�
0 < h ≤ 1�
6�
�
1 < h ≤ 2�
5�
�
2 < h ≤ 3�
17�
�
3 < h ≤ 4�
14�
�
More than 4�
2�
�
Total�
45�
�









Number of hours of sleep; parents





Number of hours sleep (s)�
Number of people�
�
6 hours or less�
4�
�
6 < s ≤ 7�
13�
�
7 < s ≤ 8�
28�
�
8 < s ≤ 9�
36�
�
9 < s ≤ 10�
12�
�
More than 10�
3�
�
Total�
96�
�









Number of hours of sleep; teenagers





Number of hours sleep (s)�
Number of people�
�
6 hours or less�
2�
�
6 < s ≤ 7�
1�
�
7 < s ≤ 8�
15�
�
8 < s ≤ 9�
15�
�
9 < s ≤ 10�
10�
�
More than 10�
7�
�
Total�
50�
�












