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Unit 1 -  Deepening understanding of fractions
Lesson 1d :    Our survey said …



	

Lesson summary

	
· This lesson is about developing connections between segmented bars, pie charts and fractions. Ultimately students develop ways of using the bar model to operate with fractions. In particular students will have experience of
· Representing survey results on a segmented bar and creating a corresponding pie chart by bending the bar into a circle
· Choosing appropriate numbers of bar segments to be able to display say 1/3 , 1/4 and 1/10 on the same bar
· Using the segmented bar model as a way of adding and subtracting fractions
· As an extension students might consider how to divide fractions using a segmented bar.


	



Focus of students’ learning

	· Making connections between a segmented bar representation of some data and fraction descriptors
· Being able to identify common multiples of sets of numbers in the context of deciding how many segments a bar could have.
· Moving towards an understanding of common denominator -Being able to create a segmented bar which is appropriate for displaying particular combinations of fractions.


	


Lesson preparation

	· It is helpful if worksheet 1 is printed on thin card, this makes it much easier for the students to draw round their circular versions of the segmented bars.
· This lesson is available on PowerPoint.





Lesson 1 d :    Our survey said …       
	
Introduction:
The context is based around a new school cook who wants students to eat more healthily and uses surveys  to help her make decisions.
The lesson is developed through questions on hand out 1.0[image: D:\Student Book Images\Chpater 3\Ch3_pg_40_image1.jpg]
Stage 1: Healthy eating      - Q1, Q2, Q3, Q4
Estimating from a segmented bar, conducting polls and turning segmented bars into pie charts 
Students use a given segmented bar representation of the new cooks survey to make estimates (proportional) 
Students now conduct polls in class on favourite fruit and vegetables, using a segmented bar (cut from resource sheet 1) to represent results and turn into pie chart. They use either their pie chart or their bar chart to estimate how many of the 1000 items of fruit ordered should be oranges.

Stage 2: Favourite type of food      - Q5 , Q6 , Q7
Choosing a single bar size that would allow display of results for different size classes
In Q5 students realise choosing segmented bars for different sized classes can be difficult to compare. 
In Q6 they choose a bar size (from resource sheet 1) which enables them to display results for both 30 students and for 20 students on a same sized bar 
Students write statements comparing the results of the survey. 
Q7 they consider what size of bar would be good to represent a class of size 25 and a class of size 40, so that they can easily be compared.

Stage 3: Working across different representations of data      - Q8 , Q9 , Q10
Working from given fractions students consider how many people they might represent
In Q8 unit fractions are given to describe favourite sandwiches and students are asked to think how they would translate to numbers of people, where the total number of people is given (Some students may be imagining a bar to help them answer this question.)
In Q9 & 10 students are given fraction descriptors such as 1/3 ,1/4 and 1/10th and asked to consider what the total number of people could have been. (i.e the context is used to informally develop ideas relating to common denominator.) 

Stage 4: (likely to need second lesson if all previous stages followed)     - Q11 - 16
Students choose sizes of segmented bar to enable them to add and subtract fractions
 In Q11 the context of surveys is still around, in Q12 – 16, the questions start to look like ‘bare’ fractions questions. Students will be drawing segmented bars free hand and identifying various fractions on their bars. 

Stage 5:  Extension      – Q17
Q17- the bar has potential for developing strategies to divide fractions. There is potential for lots of discussion and interpretation of the meaning of division in the context of fractions.



Lesson commentary 

	Suggested timings: It is not necessary to cover all the stages of this lesson within the course of one lesson. You may wish to continue at another time. It is particularly hard to anticipate the length of stages where students are sharing their ideas, and these ideas need to be considered in depth. The timings given next to each stage are there as a vague indication of what some teachers have done when previously trialling this material.

Stage 1: Healthy eating      - Q1, Q2, Q3, Q4  (Possibly 20-30 mins depending on whether Q4 is used or not)
· Q1 - Approaches will vary: 
· Some students will use a finger to thumb gesture to see how many orange blocks can fit into the whole bar. Roughly 5 , so 200 oranges.
· Some students halve the bar i.e 500, halve again = 250 and knock some off
· The 200 marked at the end of the bar, shows how many students Jan asked. Some students may estimate how many of the 200 students said orange and scale up from there.
· [image: F:\DCIM\105NIKON\DSCN5650.JPG][image: F:\DCIM\105NIKON\DSCN5647.JPG]Q2 a - Most students cut out a bar where one segment represents one person.
E.g.


· Q2 b - Students may need support sticking together the ends of their bar and drawing round it. In trials teacher found it much better if the worksheet was made of thin card.
· Pie chart shown for bar given above.
· Q3 - Students use the pie chart representation to estimate. They may think in fractions of the whole, or they may compare the size of the orange piece with a half sized piece (=500) or a quarter sized piece (=250).
· Q4 - Students repeat the steps to create a pie chart for vegetables. They compare the bar for their class with Jan’s vegetable bar from question 1. It is extremely unlikely that their bar will be the same length as Jan’s bar, so creating a need for other forms of comparison. i.e use of fractions, use of 1000 items as a mediating quantity. Some students may suggest cutting out Jan’s bar and turning that into a pie chart to help compare. If it seems appropriate you could find out how many of each type of vegetable your school kitchen orders a month and use this figure to out how much should be allocated to the various vegetables. 

 Stage 2: Favourite type of food      - Q5 , Q6 , Q7 (Possibly 25mins allowing for discussion of Q 5d,e & 6b.)
· Q5 a & b - Students cut out and shade in a 30 segmented bar and a 20 segmented bar. E.g.
· Q5 c - Year 7 class: Indian    or   from students who recognise that 3 is one tenth of 30, as opposed to ‘cancelling down’ the   . Italian   or  from students who recognise that 6 is one fifth of 30. American  or   . Spanish   . British  or. (Again, the   comes from recognising that 5 is   of 30, rather than ‘cancelling down’ the   .)
· [image: G:\DCIM\105NIKON\DSCN5654.JPG]Year 11 class: Indian  , Italian   or   , American   or  , Spanish   or    
· Q5 d - Some students will argue it’s the same because it’s 3 students in each case. Others will recognise that 3 out of 30 is a smaller chunk than 3 out of 20 
· Q5 e - To compare 6 out of 30 with 5 out of 20, some students may argue that the number of people has gone up by 1 (from 5 to 6), but the amount it is out of has gone up by 10 which is a lot in comparison, so 5 out of 20 which is the Year 11s must be more. Other strategies include seeing the fractions as 1/5 and 1/4 and justifying why 1/4 is more.
· Q6 a - It is worth noting the strategies students use to fill in their bars. E.g. To represent 30 students on a 60-bar , some partition the 30 segments then draw this partition again on the next 30 segments. Some double up the number of people in each category and then partition.
· This can be a tricky issue for students. It may be easier to start with the 20 student class. What sizes of bar could be used? 40 segments? Yes, 50 segments? Not really. 60 segments? Yes, and so on.
· For the 30 student class, 30 segments yes, 60 segments, yes, 90 segments, yes. A student may suggest 15 segments which can prompt interesting debate.
· Two 60 segment bars are needed. (You could use more segments, but you would need to stick bars from the worksheet together, as they don’t have enough segments)
· Strategies for shading the 60 segmented bars will vary. E.g. Students may proportion a bar of 30 segments, and then colour in another identical 30 segment bar next to it. Alternatively they might double up the figures in the table, so putting all the same type food people together within the 60 segment bar.
· Q6 b - Comparisons may involve absolute values i.e compare the number of pieces that are there for each category. They may involve relative quantities such as fractions.
· Q7 a - Some students may count up in groups of 25 and then in groups of 40. They should recognise from the context that it is fine to double the amount of segments, and so on.  200 segments is one possibility.
· Q7 b) Year 8: scaled up tuna becomes 8 lots of 7 = 56 segments out of 200
· Year 10: scaled up tuna becomes 5 lots of 11 = 55 segments…it’s very close.

 Stage 3: Working across different representations of data      - Q8 , Q9 , Q10 (Possibly 10+mins depending on students’ abilities to work with multiples, may be covered in the second lesson)
· 8a) Some students will be secure that   of 20 = 4. Others may need a 20 segmented bar to estimate what might be   and to then check.
· b)  of 20 is 5.    of the 20 segments is 1.  6 teachers said tuna or egg.

· 9a) Various approaches and answers: 60, 120, 180 and so on.
· b) If 60 were asked then   is 20,  is 15,   is 6.   19 people said they never used it.
· 10a)   of 40 gives a whole amount, but  of 40 doesn’t. Not possible.
· b) 12, 24, 36 and so on.   c) Various bars can be drawn.
· d) Fractions equivalent to  … depending on the number of segments chosen for the bar.

Stage 4: - Q11 - 16 (likely to need second lesson if all previous stages followed, possibly  30+mins: drawing and thinking with the bars takes time, whatever the student’s previous ability to add fractions)     
· [image: ]11a) Various answers: 15, 30, 45, or other multiples of 15.
·     b) 



· c)(i) Coffee differences of   or  or   …
· (ii) Hot chocolate differences of   or  or   …
· d) You can tell by looking at the fractions that the rows do not add up to a whole one. - Suggestions will vary for the missing category: Soup? Hot vimto? You can’t tell what it is. Other? None?
· e) Students may use a bar with 30 segments for Year 7, to show    and   and   …4 out of 30 segments are left. A 24 segmented bar can be used for year 11…to show    and   and   … 7 out of 24 segments is left.
· f) Recommendations will vary: ‘Hot chocolate is a clear favourite with the Year 7, so Jan might decide to serve this, although it is the least favourite with the year 11s.’ ‘Jan really needs to find out whether they will buy a hot drink 
instead of a cold drink. If only 10 year 7 students will buy a hot drink, then it might not be worth serving hot drinks at all.’
· You might want to add together the fractions for each drink to see which gives the biggest total, when you do this you assume that Jan asked the same amount of people in year 7 as she did in year 11. i.e that these are fractions of the same whole, and this may not have been the case.

· 12a) 24, or 48, or 72… Students may find it helpful to put a marker on their bar as they draw it after every 3 segments (because if they want to split it into 3 parts, they will need jumps of 3). Similarly every 8 segments. When the marker coincides, they have found a possible bar- this offers a visual approach which links to finding an HCF.
· [image: ]b)     or equivalent       c)     or equivalent. 

· 13a)                                                                              b)      or equivalent.


[image: ]
· 14 a) 



· It is interesting to observe students drawing their bars. Do they start with a bar and chop it into 12 pieces, for which there are a variety of strategies, or do they draw one segment and then repeat this until they have the required amount of segments?
· [image: ]Note: pictures are meant to be free hand; the bar is the student’s model to use as they choose.

· b) 


· [image: ]c) Bar drawn with most likely 10 segments. (or 20, 30 etc).  gives 5 segments.  gives 2 segments, 3 times over. Total of 11 segments = 1   d) Bar drawn with 8 segments (or 16, 24, 32… ).  gives 2 segments.  gives 3 segments. Total of 5 segments =     
· e)  Some students may start to adapt / shorten their bar representations – 

· 15a) It is anticipated that students will still be drawing a segmented bar, even though the question now looks like a traditional fractions question. 
· Students may include jottings which imply they are imagining a segmented bar.
· Students may revert to a common denominator method. They should be encouraged to demonstrate what that means on a bar.
·    is bigger, by 			b)   is bigger, by 	

· [image: ]16a) This is a common misconception, adding the tops and adding the bottoms. i.e treating fractions as whole number separated by a line. Invariably the answer you get using this strategy is smaller than one of the starting fractions, but students do not notice this because they are operating in a procedural mode rather than making sense of the size of the fractions.




Stage 5: Extension     - Q17  Using a bar to consider dividing fractions (Possibly 30+ mins. In the second lesson.)
· Q17 - An approach to division of fractions which promotes sense making, is to maintain the division operation, and work with fractions with the same denominator.

· A 12 segment bar could be used here:
The picture shows you can fit 2 whole s into  and there are 2 segments left. In relation to the unit you are dividing by which is  , or 3 segments, 2 segments are worth  of this.
So  ÷  = 2.    Alternately, thinking in   ,    ÷  =  ÷  = 8 ÷ 3 = 2
[image: ]



	Adapting the lesson

	· In previous trials, this material was accessible to all levels of student. The differentiation comes from the way they tackle each problem. It does not depend on specific prior knowledge. 
· Some students may find it challenging to choose a bar size which enables them to represent both 20 people and 30 people (Q5); ‘educated’ trial and error may the best strategy for these students. This is also true of Q7 and Q11.
· Higher attaining students may already have knowledge of common denominator methods for operating with fractions. This approach provides opportunity for them to develop the segmented bar method and to link it with their previous methods. i.e to make sense of the procedures.

	
Suggestions for lesson study focus

	You might want to consider these aspects of students’ thinking:
• How do students make use of visual images to reason and justify their arguments?
• What issues did your students reveal relating to recognising common multiples?
• How much did students refer to the segmented bar/survey context to reason and justify their arguments?
• Where students use formal procedures, can they explain why they work? 

You might also want to consider pedagogic aspects such as these:
• How did we (and how, if we teach the lesson again, could we find further ways to) elicit (and share)
examples of students’ thinking?
• How did we (and how, if we teach the lesson again, could we find further ways to) build on and
interrogate students’ thinking?

	
Research background to the lesson

	· In Realistic Maths Education (RME), the bar model is seen as a very helpful model. It offers ways of enabling students to develop sense- making approaches to a wide variety of problems including those relating to fractions, percentages, decimals, ratios, even algebra.
· The bar model can be drawn in a variety of ways:
· As a fraction bar where each part is labelled as a unit fraction.
· As a number bar, where the length of the bar represents an amount such as the length of a sandwich, or the number of hours in a day, or an amount of money.
· As a percentage bar.
· The labelling of a bar can vary depending on the context and depending on the way a person chooses to label it. Sometimes it is appropriate to label discrete chunks, sometimes it is appropriate to label it as a continuum.
· Where 2 scales are marked on the bar, this would now be described as (iv) a ‘double number bar’
· If the bar is ‘squashed flat’, we would describe it as (v) a ‘double number line’.
· Initially when students draw bars they tend to look very much like the context, but gradually students begin to draw more ‘mathematised’ versions. This is one of the indicators of progress in RME, that students are starting to recognise the generalizability of the bar model to a variety of situations. In lesson 1c, ‘Fair Shares’, the bar emerged as a representation of the context of a rectangular shaped sandwich. In this lesson 1d, the bar is used as a way of representing the results of surveys. In this context, the bar is not ‘empty’ but already segmented into pieces, where each segments represent a person’s opinion.







Resource hand out 1.0 	 
Our Survey Said …

Healthy Eating
[image: D:\Student Book Images\Chpater 3\Ch3_pg_40_image1.jpg]






1. Norris High School has appointed a new cook, Jan. 
In her last school, Jan made a big impact on getting students to eat more healthily. One of her strategies was to survey her students about their food preferences. She started by asking 200 students about fruit and vegetables. 
Jan made these pictures from the results she got. 
[image: ]
students


[image: ]
students


The previous cook ordered around 1000 items of fruit per month. Jan decides to stick with this figure of 1000 pieces of fruit for the first month. According to the results of her survey, roughly how many oranges should Jan order?






2. a) What are the favourite fruits for your class? Ask everyone in your class to choose a favourite fruit. Then cut a bar out from Worksheet 1 and colour it in to show your results. (So if 5 people choose banana colour in 5 segments yellow) Keep going until all your class have been represented.
[image: ]

[image: F:\DCIM\105NIKON\DSCN5647.JPG][image: F:\DCIM\105NIKON\DSCN5643.JPG]
b)	You can use your bar to make a pie chart as follows: 
· Stick together the ends
· Draw a circle around the outside of your ring
· Mark inside where the colours change
· Remove the ring and mark where you think the centre is. Join the centre to your markers 
· Colour in the sections and make a key.






3.  According to your class’s result, roughly how much of the 1000 items ordered should be oranges?


4. a) Survey your class on their favourite vegetables out of carrot, sweetcorn, broccoli and cabbage.
b) Cut out another bar from Worksheet 1 and use it to display your results
c) Use the bar to make a pie chart
d) How do your results compare with the results of Jan’s survey on vegetables?









Favourite Type of Food

5. Another way Jan thought might increase the number of students eating in the canteen was to have themed lunches. So one day it would be Italian, another day Indian and so on. Again she surveyed students to find out what themes might be popular. Students were asked to choose their favourite theme.
Here are the results from a year 7 class and from a year 11 class:

	Type of food
	Year 7 class (30 students)
	Year 11 class (20 students)

	Indian
	3
	3

	Italian
	6
	5

	American
	15
	10

	Spanish
	1
	2

	British
	5
	0




a) Choose a bar from worksheet 1 for each class.
b) Colour in the bars and make a key to display the results for each class.
c) Write down what fraction of each class prefer each type of food.
d) Is Indian food more popular with the year 7s or the year 11s?
e) Is Italian food more popular with the year 7s or the year 11s?

6.	a) Comparing the year 7s and the year 11s can be difficult because the bars are not the same size.
Cut out 2 more bars from Worksheet 1 which you could use to show each classes results, so that each bar has the same number of segments.
	b) Write some statements comparing the results of this survey.



7. Students in year 8 and year 10 were asked to choose their favourite type of sandwich. Here are the results:
	Type of sandwich
	Year 8 class (25 students)
	Year 10 class (40 students)

	Ham
	8
	16

	Cheese
	4
	7

	Tuna
	7
	11

	Egg
	6
	6




		a) What size bar would be good to use if you wanted each to have the same number of pieces?

		b) Are tuna sandwiches more popular with the Year 8 or the Year 10 students?

8. Jan asked 20 teachers at Norris High School about  their favourite type of sandwich.
  said ham                           said cheese                          said tuna                         said egg

a) How many of the 20 teachers said ham?
b) How many said tuna or egg?

9. At a staff meeting, Jan asked people how often they used the canteen.
  said every day	  said three or four times a week	  said once or twice a week

a) How many people do you think Jan asked?
b) How many people said they never used the canteen?


10. Some Year 11 students suggested that it might be good to have background music playing in the canteen. Jan asked some students what they thought. 
	 said no to music,			  said they didn’t mind either way.

a) Jan seems to think she asked 40 people for their opinion. Is this possible?
b) Suggest some numbers of people she might have asked.
c) Use a segmented bar to represent this information.
d) What fraction of people said yes to background music?




11. Jan wondered what types of hot drinks might be popular with students. She thought that younger students might have different preferences to older students, so she surveyed Year 7 and Year 11 students for their favourite hot drink. 

	
	Tea
	Coffee
	Hot Chocolate

	Year 7
	
	
	

	Year 11
	
	
	 



a) What sizes of segmented bar could you use to represent both  and  ? Give three examples.

b) What is the difference between the fractions of students in Year 7 compared with the fractions of students in Year 11 whose favourite hot drink is tea.

c) What about the differences for (i) coffee (ii) hot chocolate?

d) A category is missing from this table. How can you tell? Suggest what it might be.

e) What fractions of the students are in the missing categories?

f) Jan decides to offer one type of hot drink for a trial period. Which one would you recommend she should offer? Give reasons.
[image: ]

12.		a)    Draw a bar like this:

		       How many segments should you use in your bar if you want to work out   +   ?
		b)    What is   +  ?
	 	c)     How much bigger is   than  ?

13.		a)	Draw a segmented bar to help you show that    +  = 
		b)	How much bigger is    than    ?


14.  Use the method of drawing a segmented bar to work out the following
		a)	 +  						d)   + 
		b)	 +  						e)   +  
		c)	 +  
	 

15.		a) Which is larger,    or    ?  How much larger?
b) Which is larger,    or    ?  How much larger?

16.  Some Year 10 students were given a test on fractions. Here is a question from one test paper:
[image: ]



[image: ]




a) Nearly half the group put this answer. What do you think they did?
b) Use a segmented bar to help convince someone how you know this must be wrong.

17. Use a segmented bar to see if you can work out   ÷   .




KS3 Multiplicative Reasoning Project Unit 1 Lesson 1d[image: NCETM-logo-letterhead]


Worksheet 1 – Segmented Bars
[image: ]
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