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1 Graphical Simultaneous Equations
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Fluency Practice

Solving Simultaneous Equations y y=x+1 y+x=9 y y=x+3 y+x=7 y y=2x y+2x=8
Graphically 10 10 10
9 9 9
Plot each equation on 8 x = 8 x = 8 o i=
the same grid. Z _ ; _ ; _
You may want to rearrange Z i i
the equations first. 3 3 3
2 2 2
The intersection shows the 1 1 1
values (x, y) that 1234567 07 EEEERE 0" EREERE § 910"
satisfy both equations.
Check the solution by y=3x—-3 2y+3x=12 y=5-2x y=05x-5 y—x=-3 2y—3x=-9
substituting values 10 10 N
. . |
back into the equations. 4 o @ 2 @‘ o
7: _ 7 — 7 —
y=2x+2 y+x=38 6 x= 6 x = 6 -
5 5 5
. 4 y= 4 y= ‘ 4 y=
1 3 3 3
; 2 2 } 2
p 1 1 ! 1
Z [ (2 6) ] 5-2-3-2-10] 0 -5 -4-3-2-10] IEEEEEE 5-2-3-2-10 0
»: L ’ 1 1 1
S
4 3 3 3
3 4 4
) -5 -5 Ls.
543 2 /10 a S0 | 2y+5x=30 y=6x—2 4y+5x=-20 y=—x+55 2x=—-24—-6y y-—10=2x
N y
20 8 8
3 7 18 8 7 @ ‘ 7
T4 16 6 6
5 14 5 5
X = X = =
12 -4 4
X 10 _ 3 _ 3 —
Solution: x=2 y=6 8 y= 2 y= 2 y=
6 1 1
. 4 X ‘ X
Substitute to check: : ~7-6-5-4-3-2-1 45 -14-12-10-8 -6 -4 -3 ) 1012 14 16
y=2x+2 6=2(2)+2 -5-4-3-2-10 4567 0" [2 ;
4 4 -4
6 5 -5
ytx=8  6+2=8 8 ’ i
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Purposeful Practice

0
3] @ B E y g ﬁ Jo buys 4 sodas and some noodles

164 for £16 and Tye buys 2 sodas
71 1 hotdog & 1 soda costs £6 14 and some noodles for £12.
6_
. 1 hotdogs & 2 sodas costs £8 12 Plot and solve these purchases as
Soda | Write 2 equationsin x & y 101 simultaneous equations.
Price to represent 8-
y 31 these purchases. 6
2_
1 44 Hugh wants to buy
2- 2 sodas and 3 lots of noodles.
0 T T T T T T T T 0 How much will it cost?
0 1 2 3 45 6 7 8 T T T T T T
Hotdog Price x 0 2 4 6 8 10 12 14 16

Plot both of the equations on the grid.
What do the coordinates of the intersection tell us?

n 3 lollies and 1 cone costs 90p
v g B

1 lolly and 2 cones costs 80p Aaron buys 2 sodas and 2 tacos for £15.

1004 y For an £9 extra they could buy 4 sodas and 3 tacos.

90 8-

80 74 How much does it cost to
70- 6 buy 3 sodas and 4 tacos?
60 How much will 5 lollies & 54

50- 4 cones cost? 4

40+ 31

30 24

20- 1

104 0 — X

G T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
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Purposeful Practice

80
704
60
504
40+
301
204
104

Fred (£)

0 1 1 1 1 1 T T T
0 10 20 30 40 50 60 70 80

Xavier (x) and Yeliah (y) will share £60.
Create an equation to express this and plot
y it as a straight line graph on the grid.

Yeliah wants 5 times Xavier’s share.
Express this as an equation and plot it.
What does the intersection show?

Instead, Yeliah’s share is half the
size of Xavier’s share.
Plot the graph and find
how much they should both get.

X

Fred and Greg will share £70.
Fred will get £10 more than double what Greg gets.

Express this problem as a pair of simultaneous equations.
804
704
60+
504
404
30+
20+

104 If they shared £55 how much
0 [T would each person get?
0 10 20 30 40 50 60 70 80

Greg (£)

Plot both equations to find the
values that satisfy both equations.

Anne (£)

801

60
504
401
304
204
104

Anne and Bo will share £80.
Show this relationship on the grid.

Express and plot these equations &
find out how much each person would get.

| Anne gets £20 more than Bo.
Bo gets £25.
Bo gets 3 times the money Anne gets.
0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Bo (£)
Hae and India will share £60.
How much do they get eachif.. _|ndia gets £15 more than Hae.
...Hae gets a third of what India gets.
0 [Ty ...India gets £15 less than
1020304050 607080 quadruple what Hae gets.

Hae (£)
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Purposeful Practice

Andy gets £4 more than Dave. Ti gets £5 less than Helen.

©, y Andy gets double the amount Dave gets @ y Helen gets double what Ti gets Represent these
121 two statements as a pair of
16+ Represent these simultaneous equations
14 two statements as a pair of 104 on the grid.
" simultaneous equations on the grid. 8-
— 6
< 10
S o 44
S 84 g
< =l
i ?
6 How much do they both get? 0 . How much do they both g?et_
4+ How much was shared? i 4'1 é é 1'0 1'2 1'4 1|6 How much was shared:
-2
2_
-4
0 T T T T T T T T X
0 2 4 6 8 10 12 14 16 -6-
Dave (£) Helen (£)
©) Jamie gets £2 more than Amin. @ Kia gets £8 less than Jules.
If you double the amount Amin gets, it is If you halve the amount Jules gets, it is still
y £5 more than what Jamie gets. y £2 more than what Kia gets.
124 8-
101 How much do they both get? 6
| How much was shared? |
8 4
6- 24 How much do they both get?
“ = How much was shared?
Py 44 © 0 T T T T T T T T
€ ~ 246 810121416
s 2 -2
0 T T T T T T T ™>X -4
246 8101214 16
-2 -6
_4- -8
-6- -10-
Amin (£) Jules (£)
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Purposeful Practice

Xavi & Yolanda share £20.

y - y Together, Shop X and Shop Y have a revenue of £14,000.
What does this graph represent?
20_ 14_
184 124
164 10-
14+ 8-
12 £ 6
000s
10 4-
8 2
6_ O 1 1 1 1 1 1 1 1 1 X £
4 2 4 6 8 10 12 14\16 18 20 000s
4 5]
24 -4
O T T T T T X _6_

T T T T T
0O 2 4 6 8 10 12 14 16 18 20
Express each different split of the revenue as an equation on the grid.

The money can be split in different ways. Use intersections to solve the simultaneous equations.

Express and plot each split as an equation.

H h h ? X=
ow much does each person get Xavi Shop Y earnt £6000 less than Shop X.

avi = _

Xavi gets £6. Y=
Yolanda =

. X=

Xavi = Shop X earnt a third of what Shop Y earnt.

Yolanda gets 4 times what Xavi gets. Y=
Yolanda =

Xavi = If you halve the amount Shop X earnt, X=

Yolanda gets £2 more than Xavi. it is £5000 less than Shop Y. y=
Yolanda =

Xavi = Shop X’s revenue is £6000 greater than X=

Yolanda gets a quarter of what Xavi gets. Yolanda = triple Shop Y’s revenue. v
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Purposeful Practice

Investigating Simultaneous Equations

(a) (b)

Solve the simultaneous equations x+2y =10 Solve the simultaneous equations 4x + 3y = 24
2x+y =14 x+2y=11

Plot the equations of the lines x + 2y = 10 and 2x +y = 14 Plot the equations of the lines 4x + 3y = 24 and x + 2y = 11

on the same axes below. What do you notice? on the same axes below. What do you notice?
157 127
14 14
137 1
101
129 1
oA
117 |
109 3
91 71
. 1
.-
6 57
51 4
47 3

-
5
21
i
11 4
ii’éiéé%éé1‘01l11l21'31l4||5 'i'é‘é'i‘g'é'%lé'év&)'h,lb
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Fluency Practice

y—=Az —x¢
21— =£g+x7

21— =4Lg+xg
0=¥%+x7—4«

G— =A+x¢g
8T + X =47

(R

6+x50=4«
y=x7+4

p—xz=4
g=4A+x7

""3A|0S 73 10|d

O PO N O N

. ®

suonenb3 snoaueynwis Sumojd

7=X7+ 4L
e—=4A+x

£+x50=4«
ml“\n+R

c—=4A+x
6—xz=A4

xz =4
9=»A+x

ﬂ”%
@”AITR

SHrov-HooH

"'aN|oS B 10|d

C 9=4A+x @

suonenb3 snoaueynwis Sumojd
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Purposeful Practice

@ The grid shows 4 equations: ldentifying Simultaneous Equations
y=x x=2 y=-3 y=2x—4 ®
What pairs of simultaneous equations, and their solutions, are on the grid?
y (2, 2) is the solution to which y
pair of simultaneous equations?
6_
5_

(0.5, -3) is the solution to which
pair of simultaneous equations?

r T T T x
-5 -4 -3 -2 - — T T>X
3 5 6
(4, 4) is the solution to which
/ pair of simultaneous equations?
@ . @
The grid shows 3 equations. y=2x-1 y = 2 + 2 y+x=2 What pairs of simultaneous equations, and their solutions, are on the grid?

Write down the 3 pairs of simultaneous equations, and their solutions,
shown on the grid.

y
y
6 ®]
5_
5 ]
4 3
1
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Fluency Practice

y = 3x

Sketch each pair of simultaneous equations on the grid. What method can you use to find the solutions?

y=-2x

x+y=2

y y y
x x
= y:x y:—x
y=x+4 y=x-—2 y=x—6
y y y
x x
2y —2x =10 x+y=-5 2x+y =10
y=x+5 y=2x—2 y =3x—15
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Purposeful Practice

i i Three companies offer taxis in London:
Taxi lourney Prices P Quick Dash: £3 per mile
50 Zooom: £2 per mile with a £5 pick-up fee
45 Kar: 50p per mile with a £20 pick-up fee
40 i
35 Sketch these cost-relationships on the grid.
Total 30 : At what distance is...
Cost . .
(£) 25 T ... Zooom and Quick Dash the same price?
20 : ... Zooom and Kar the same price?
15 e e e e e e e e e e e e e ... Quick Dash and Kar the same price?
10
When is Zooom the cheapest option?
0 Uri has £22 to spend. Draw this graph and explain any intersections.
0123456 7 8910111213 141516 17 18 19 Lee wants to travel 13.5 km. Estimate the prices they could pay.
Journey Distance (km)
Spaceship Cargo
50 A spaceship will be loaded with 2 different types of mini-satellites (A & B).
45 In total the spaceship can carry 45 satellites.
40 Show this limit as a graph on the grid.
g 35p In discussion...
ﬁ 30 ‘ ... Scientist G argues for an equal amount of A & B satellites.
©
o 25 : ... Scientist | argues that there should be 15 more B satellites than As onboard.
§ 20 ... Scientist H says there should be double the amount of A satellites compared to B satellites.
= RE REREs Emman EmEE Rua
15 Draw each scientist’s proposition as a graph and find solutions.
10 A

Before launch it is discovered the spaceship can only carry 39 satellites.

0
0 5 10 15 20 25 30 35 40 45 50
Show & find solutions for the new cargo possibilities.

Type A Satellite

Page 32




Purposeful Practice
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Fluency Practice
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2 Linear Simultaneous Equations
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice

Spot The Error*

*one error is the use of an inefficient method.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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When you have finished, work out the correct answer for each pair of equations.
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Fluency Practice

Spot The Error*
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When you have finished, work out the correct answer for each pair of equations.
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Fluency Practice

Simultaneous Equations d)

2x=y y=x+8 x+3=y
2x=y=x+8 a 2x=y y=x+4 b) 3x=y y=x+12 ) 3x=y y=x-4 y=2x—2
- 2x=x+4
2x =x+8
x=8
2x =y 2(8) =16
x (8,16) y
f h i
e) x+7=y ) x+10=y g) 2x+9=y ) 2x+6=y ) y=2x+8
y=3x-9 y=3x+18 y=x+12 y=3x+4 y=4x—6
j k _x | _x _x 2y =3x+3
y=5-x y=x—26 y=x-1 y=2x-3 y=x+4
°  gy=2¢+10 P y=x-6 A gy=2-22 T x+3=y S oyt+10=2¢ Y 2y=3x-2
y=x+5 3y=2x-16 _f_7 x+11 y=2x—-11 3y=2x+7
Y—Z y =
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Fluency Practice

Use x + y to solve the other equations (the variable values will be different each time).

( / *ry=t > 
2x +2y = 16 3x +3y = 24 \
2x+y=11 3x +2y =18 x+2y=13 x+4y =20 2x+y =18
x = x = x = x = x =

/ /ﬁ*w

5x + 5y =25
S5x+y=21 x+6y=15 2x+4y =10 3x+6y=6 x+4y =35
x = x = x = x = x =
/ 2x+y=12
s 2y 24 V
4x +y =22 6x+y =28 x+3y =26 3x + 5y =39 8x+ 7y =42
x = x = x = x = x =
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Fluency Practice

If 3x+2=14
and y+x=9

y=7?

If 8—x=3
and 3y +3x =27

y=2

If 3(2x+5)=33
and 3y +x) =36

y=2

If 2x—=5=7
and y+2x=15

<
I
V)

If 19-2x=7
and 2x+2y =16

y="2

If 4x+13 =5
and 3y+2x =126

y="2

If 5 —-8=7
and 2y +2x =18

y=?

If  3(x+5)=21
and 6y +5x =10

y=7?

3x+1
=11

If 2(5-—2x)=26
and 8—3x =4y

y=?
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Fluency Practice

3x +y =19
x+y=9

4x + 2y =18
4x —y =3

3x+2y=15
3x+y=12

x+3y=2
2x+y=9

3x—-y=7
x+y=13
x = y=
5x + 3y = 32
2x — 3y = —4
x+y=8
3x+2y =18

3x+y=9
x+2y =13

Do you prefer a method?

x+2y=19 x+3y=14

x = y = X = y= x*= Y=
x—2y=6 3x +2y =14 x=9-y
3x +y =32 y=3x-2 exsy=2l

3x+ 5y =28 =3y -2
2%+ 5y = 22 3x + 2y = 16
2x+3y =23 v
x—y=38 —w=
6x+y =29 g HoE
4x + 2y = 44
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Fluency Practice

x+y=12
y=x+2

x+ (x+2)=12
2x+2=12
2x =10

x=5
y=(5)+2

y=7

x+2y=14
y=x+1

2x+3y =30
y=3x-1

x+y=10
y=x+4

x+3y =14
y=x+2

2x+3y =128
x=4y+3

x+y=10
y=x—6
2x—y=7
y=x-—2
3x+2y =15
y=9-—2x

2x+y=9
y=x-—3
x+2y=17
y=2x+1
4x + 2y =32
y—4x =4

x+y=13
y=2x+4

x+3y =33
y=2x-3

5x—y=12
2y —6x = -8
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Fluency Practice

a=b+1
a+b=5
a=b+3
a+b=9
a=3b
a+b=8
a=b—4
a+b=10
x =2y
2x+y =20
a=2b+1
a+b=13

a=3b+2
a+b=6

g=h+3
2g+h=21

b=2a+3
a+3b=23

a—b=4
a+3b=12

a—b=4
2a+b =17

m—-n=2

2Zm—n =10

a+b=6
a+2b=11
k+p=6
2k+p =9

a+b=10
3a+2b =22
a+2b=13
2a+b =11
x—2y=-2
3x—y=9
2a+3b =23
3a+2b=17
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Purposeful Practice

1) In each question say which variable we want to eliminate

a) 5x+ 3y =22 b) 5x + 3y = 22 c) 5x+ 3y =22 d 4x—y=25 e —-3x—y=25
2x + 3y = 10 S5x + 2y = 10 —5x + 2y = 10 x+y=10 —3x 42y = 10

2) For each part in question 1, would we add or subtract?

a) b) c) d) e)

3) Tom says that we need to add these to eliminate the x.

Mark says you need to subtract them to eliminate the y. _gi I Y i 39

Who do you agree with? Why? Y=
4) Tarquin says, “you add the equations because the equations have 11x + 4y = 19
different signs in the middle.” 11x — 3y = 13

5) Now solve each pair of equations in question one.
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Fluency Practice

1= x
_ p=  xp
MH\A+~ MH%+R. +

:uolenba Jayys ol [ = x 9ns [ =4&—x¢

S|gBUE/ PUZ IO} POAIOS S|QELEA IS| 40} POAOS

"suoienba snoaue)Nwis Jo Jied Yoes aA|os 0} ‘a|gel siy) aiajdwo) @

€ =47+ x¢
€1 = 47 —x¢

h“\mnTR.N
6= &+ x¢

._u”\mn_lk.
B”%nTR.N

w“\mnTR.
¢l =4z +x

c=4—-x7
@”\A.nTR..—V

m\”\mn_l.x.
7=4&—-xC

mummn_nk.
[ =4&—x¢

suonenb3
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Fluency Practice

6+ «&=xg
ve = &y — XG

€7 —xg
£g + x

o1 —

o
Il

[1=4g—x

g =4g—xg

€1 = L+ x¢
11 =4¢+x

¢—=4—-x7
[T = &z + x¢

¢ =4—-x7
8 =47+ x¢

« = X
Az 97 = x¢l
11 =42+01 b=dp—xc 4 ¥ = &y —x¢ v = &y — x¢

11 =47+ ()¢
= At + xi T = A7 + x
‘uonenba Aue ol 7 = x ans = &y + 101 w b+ X01 X I ¢ §

8|gelBA puUg J0) POAIOS | 8|gBlBA 1S| 10} POAJOS E suonenbg

" PaJeds, 8 0} paau [|Im suoienba ay1 Jo auQ suolenba snoaueynwis Jo Jied yoes aA|0s 0} ‘ajgel siyi a1ajdwo) @

<
1
I
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Fluency Practice

g —xg=1

G —x¢ =4
¢l — =49 —xg
0T — = &y — X6
¢ =dg—xg
vl =4¢+xC
€1 — = &g —xp—
LT =48+ x¢
S1 =4y +x¢
11 =4¢+x
0T = 4¢ +
¥7 = 4g +xT
m“\m ¢—= X
6 = 4¢ 8¢ — = X6l
= £ + H— — = (g —xg] €= 9] — = (7 —
M|am+m . gy— = f9—xg] 4 3% 9-xs1 €91 - xS
- - =49+ xp —— =dc+x
‘uolienbs Aueoul 7 — =x ans 01 = 49+ xy ot o v X s ¢ ¢

8|gelBA puUg J0) POAIOS | 8|gBlBA 1S| 10} POAJOS E suonenbg

" PaJeds, 8 0} paau [|Im suoienba ay1 Jo auQ suolenba snoaueynwis Jo Jied yoes aA|0s 0} ‘ajgel siyi a1ajdwo) @
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Fluency Practice

Al Solve A2 Solve A3 Solve A4 Solve
x+y=1 Sx+y=17 6x—-5y=9 x+5y=-13
x—y=5 x+y=3 6x+3y =33 4x—-5y=48

B1 Solve B2 Solve B3 Solve B4 Solve

8x—y=7 3x-2y=13 2x-3y=3 3x+5y="7
12x-8y =6 x—y=5 3x+6y=1 O9x+11y=13

C1 Solve C2 Solve C3 Solve C4 Solve
Sx+3y=14 4x+5y=13 2x+T7y=12 3x+2y=17
2x+2y=4 3x-2y=27 3x+8y=13 4x-3y=15

D1 Solve D2 Solve D3 Solve D4 Solve
y=4x-8 y=4x-2 3x+2y=061 3x-2y=-24
y=3x-5 y=9x—-12 y=2x-22 y=5-2x
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Fluency Practice

Q | Solve the simultaneous equations: Answers Q | Solve the simultaneous equations: Answers
1 |(7x+2y=29and3x+2y =17 13| 3x+4y=11and -3x+y =14
2 |7x+2y=29andy =2x—2 14 3x+4y=11andy =3x + 14
3 |7x+2y=13and3x+2y=1 15 | 5x — 0.7y =46and 6x + 0.7y =9
4 |7x+2y=13andy =2x—10 16 5x — 0.7y =46andy = —6x

5 |7x+2y =-20and 3x + 2y = —12 17 2x+ 3y =9and 5x + 7y = 23
6 |7x+2y=—-20andx=y+1 18 2x+3y=9andx=5-—y

7 |7x—2y=29and3x -2y =17 19 3x —2y=-5and2x —4y =2
8 |[7x—2y=29andy=x—7 20 3x —2y=-5andx =2y +1
9 |7x —2y =-20and3x — 2y =—-12 21 3x+2y=7and4x —3y =15
10 | 7x —2y =—20andy =x+5 22 3x+2y=7andy =2x—7
11 | -7x — 2y =29and —3x — 2y = 17 23 ax+by=candax+dy =e
12 | -7x—2y=29andx=1-y 24 ax+by=candy =dx+e
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Fluency Practice

6T = A+ x
7—xs=4A

suolenba yym sauil 3ybienys ayl

JO UO0I109S493Ul JO S91RUIPJ00D ayY3 puld (2)

€T = xp — 4g
=1

—  2Nos (a)

A+ X
Joaneaayy puy ‘g = € + 4G + x¢
pue <€ + A7 = x/ 32yl UsAID (B)

AG = x¢ — 0T
e =x—g anjos ()
0=8Z+4S5+x¥
x9=8—4 aAj0S ()
xg=4£-1T1
vL = £9 + x¥ aAl0S ()
XG =11+ 4
67 = AG + x¢ anlos  (9)
¥z = A¢ — xT
xe=T+4 aAl0S  (q)
G+ x =A¢
L = A€ — X} anlos  (e)
IT—x=4
€1 = AL + x¢ aA0s  (9)
c+xy =4«
9=4~A+x7 anl0s  (q)
Z+A=x

A anlos  (e)
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Fluency Practice

8G = Ay + X
L6 = A8 +Xx¢

21 =47 -x¢
St = A€ +x9

17 = A +X¢
¥€ =47 +X¥

91 = A + x0T
0%- =401 - X0T

6€- =49 - Xg
€7- =47 -xg

€ =A¢-x
WH%NIMA

97 =K+ X9
8% = A¢ + X9

€ =49 -xg
9 = A9 - x¢

02 = Ay + x¥
6T = &% - X6

()

€))

()

()

€))

()

91 = Az - X
TTT = 4L - X6

0€ = 42T - x¢
82— = Ay +x8

z=4g +x¢
0T =46 +X¥

1=4z-X
SZ =4S -X0T

81 = A¢ +X
€h = A8 + X

7T =A+Xx7
6 = A¢ - x¢

58 =45 -xg
g9 =45 -X

08- = Ay - X¢
08 =4y - %X/

S9T =4 +XG
02T = AZ - Xg

€G =49 +X
8¢ = A +X

z=Ag -xy
21 =4¢ -x9

L=AZ +X
0T = 4AZ +x¥

(b)

&)

)

(®)

()

‘uoneurwipd guisn Aq suonenbs snoaueynuiis SUIMO[[0] S dA[0S

(b)

&)

)

(®)

(@)

‘uoneurwd duisn £q suorenba snoauelnWIs SUIMO[[0] dY] dA[0S

6- =411 +X2
6=4g+xzT (d)
0T-=4AZ +X¥
- =4y +x7 (W)
7S = Ay + X9
v=4-x¢ (0
0€T =49 + X
0sT =4y +x5  (3)
2T =£-%xg
65=4y-x6  (p)
9=A-XZ
cz=4Az+xg  (e)
iz uonsang
0T~ =4Z +x¢
9z-=4z+x9  (d)
91 =47 - X7
¥S =4z +xg  (w)
¥Z = A¢ + X7
or=4y-xz ()
¥€ =47 +Xg
6€=£,+xg (3)
@H\AIN
9¢=4A+x7  (p)
y1 =4 +X¥
8T =4+x9 ()
T uonsang
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Purposeful Practice
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Alddy
0T =¢€6-45-x/ 08 +x/ = A¢ Xy - 26 = A¢
0=9+4z+x9 (J) 0=81-4&+xz (9) £5+o1=x¢ (p)
Az +21 =% 2T =4g +X LT =£K+x7
¥=4£o+xz (9) £=py-x (q £-01=x (¥
"UONBUTWI[d
8uisn uayy pue Suiduerieas £q suonenba snoauejnuIs SUIMO[[0] 93 DA[0S  :f UONISANY
61 = A¢ - X7 GT = g - X¢ €T =4z +x9
ge=4z+x5 (1) g1 =4z-xy (b) 6=Ac+xp  (d)
8T = £¢ - Xg 67 = A€ - X¥ 8¢ = Ay +X¢
g=4y-xp  (0) z-=4z+x9  (u) Zh=4g +xg (W)
¥Z = A -xg £9- = 4£¢ + X6 ¥S =&y + xT
v=4y-xz (D 11=46+x7 (3 gr=4c-x5 ()
2L =45 +x7 GG = Az - Xg 1€ =4g +x9
gg=4z+xg (D gz=451-x2 (W) 1€=4g+xg  (3)
¥Z- =4y - X¥ ¢ =46 +XT ¥Z = &y - X%
9-=4Ac+x¢  (J) L=4z+x¢  (9) 8z=49-x5  (p)
0Z = £y +X¢ 2-=4z+%, 61 = £¢ - Xg
Zz=4¢+x5  (9) 1=4g+xz  (q ¥r=4z+xz  (e)
‘uoneurwife Suisn £q suonenba snosuejnurs SUIMO[[0] 9Y) SA[OS € UONSINY
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Purposeful Practice

89°T- = X 121 =A
GO'G- = X€ €2 = A6

[ =G0'9 +X€E 12 = A6 - X9
I1=(121%Q)+X¢ 2 =A0T + X9

JuswaAoidw pue [eu} 8sn Jou oq

EX L=he-x2
Zx b=Ag+xg
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(MO[aq uonsanb a3 ul sayeisiw Aue jods noA ue)

£3500 sardde jo 3xz pue seueueq Jo Sz p[nom yonw Moy
01°83 S1s00 sajdde jo 3G pue seueueq Jo 3¢ ‘S192013uda.1d awes 9y} U]
05’27 s1s02 sajdde jo 3¢ pue seueueq Jo 33} ‘S192013ud313 € U]

'sAnq oy suad Auewr moy pue sAnq ALieq sJa[nl AUBW MOY pul

‘yoea dgz 1502 1eyy suad ade way)

Jo £ pue yoea dgg 3500 jey3 sIa[n.l a.le way) jo X ‘Arauoness jo sadatd 00z 9y JO
'9/F 10} A1auoness jo sadaid 00z sAnq L1ieg

£3S00 sInoy gz sise[ eyl qol e pnom yonw moy

[e30) Ul 0£ZF $3502 qol.anoy g

Te301 UT GGTF 51500 qol.noy § v

"07 ‘98.1eyd paxlj B pue ‘U7 Inoy yoea 10j 9d11d e sadreyd saqunid y

'S3[qE] 9Al pue sareyd Ayuamy 3uidng Jo 350D [e103 93 pUl
'/,8G7F 1500 S3[(e} USAIS PUE SIIBYD XIS
"8 ZF 3500 S3[(e3 0M) PUE SIIeYd N0,

:g uonsanp

/£ uonsanp

19 uonsang

G uonsanp

1y uonsang)

Page 70



Fluency Practice

A =x7—-9=4»A¢—x¥ ¢
€1 =& —xG = A7 + xX€ '[¢€ X7 —LA=A—-—x—G=x0¢
A+ xy=L=4-x¢g 6T A7 —xg=G=4A+x8C

:suorenbo snooueynuuis Jo sired IUIMO[[0) Y} A]OS

b =4+ X7 T=4+x g=A7+x

CT+A45=x"LT ‘S+4Lg=x9C LT —Ag =x 6T
9 =4A—xg “pT = AG + x g=A7+x
T—&=x"4C ‘T—Ae=x"¢C T-4&=x"TC

‘uonenba puodas ayy ojur uonenbd is1iy Ay £q
UQAIS X JO anjeA o) Sunmnsqns Aq suonienba snosuejnuuis Jo sired SUIMO[[0] Y} SA[OS

9=A-201 =472 "1C

£ x, £ x £ . { X
T=gtgC=5—70C TL =5+ XE1v =5+ X5 61
I\m x « |.\ﬂ x - I\m R. IA.. R.
.lel mm|m+ 81 ®ﬂ|M|MH|M+M L1
A4 x, & x| T =4/7+x/¢
Be=zrel=y=z 9 T=4/T-%/S I
£ x, £ x| £ x, £ x|
El=7+t5€=7—5 VI 0=z+tgS=5—5 ¢l
£ x, £ x £ x, £ x|
.NHM+NNHM+M.N~ mHm+wNHm+m 11
0=7—-47+xg ‘6 =47 +x¢g _6_ T _2,F .
‘0=G6+45—x/ 01 ‘c=AL4+x7 ‘6 I=z—z8=zt% 8
7 . T s ‘6 = Ag 4 xg "y = Ag + x7
V=g Xv=gty L T=4y+x¢ 9 ‘c=4Ay+x5 ¢
9T = Ay — x¢ IT =4+ x/ ‘T = A£G + x¢ v =4, +x
S=4-x 'y T=4g+x5 ¢ T=47+x T T=4p+x ]

:suoryenbo snoouejnuuis jo sired SUIMO[[OF Y} SAJOS
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Purposeful Practice

33. If 3x — 2y = 11,x — 5y = 8, find the values of 2x + y and x — 2y

3. If 2x+5y =19,3x + 4y = 11, find the values of x + 3y and 3x — y

35. If §+i=3,2—i=1, find the values of l+land 11
X y X y X y X y

Solve the following pairs of simultaneous equations:

x _ 3 _ xty _ 3 o
36.;—4,x+y—14. 37. 2x+y—5,x y = 1.
38. 22 =2 x +y = 10. 39. 2 _2x_1

y xty 2’y

4&%?=Lx+y=1&
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Fluency Practice

- = fig+ g I =fig+ g

o=finyz O g=fi—ap O
c="lig+w ) 9=fig—xg
s L & % pefigra V1

fic—x fig+x
¢ =fig—a L=fLme
_ € ¢ ¢ c=uxg—fi
1=5 % fitx
I-=fig+xg
I-=fiy+zg 1z e=f—uzg 6
0="/ig+x
I=fig+xg
.mﬂmml&w 0z c=lig—=x 8
L=fi+2g
L e=figtmrg
.NH@wI&m 61 6— = fig — zy L
= fig+ag
p G =lig+vg 9
T =R g ¢ = fig — a7
01 =fi) +zy
=fic—x
S .own%|aw G
c=q9—"
g =ag— 1 .THMN|,§ 7
[=fig+ag OF y=fete
7 ="fi+ag a1 e="fi+uzg
= fig +ag L=fitz
o B! G ©
L-=f+x p=fi—x
0o=fig—=x =fi—=x
. o1 .C T
I =1y +ag e=fitz
isjo3oRIg 91} }9510] 7,10 (¢£41—) = (f‘x) WwI0] o) Ul SIOMSUR JUISII
(isyoxeaq oy 3 3.u0) (§1—) = (fi‘x) waog oty ur d
B—%) = (fi‘z) og
.mﬁ%lﬂmhm\wo%% 0} x¢ — ), = fi oqur onfea sy} 9oe[d Uy} IA\ .mﬂ&ou‘ SOATOS TOIYM g = (Z¢

— )G+ Tg puy om PU0ILS oY) OUI ST} SUNNIISANG “TE — J, = fi JeT[) 90 WRD oM 9SIT d1[} WOL]

.c="Mig+ag
L="f+ag

aafos ojdurexs 10 ‘uoryenba .ayj0 9} OJUI ST} 9INIISNS USY ], "UOIYenbs auo WOoIj 9)e[0SI 0}
fi 10 x we 10§ YOO *o[qIssod SIOYM POYJOU UOIINIIISONS S} ST 03 £I) 0 POPUIIAI dIR SUOIYeJ
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Fluency Practice

25.

26.

27.

28.

29.

kx +y =

20 — 3y =2
ar + 4y =6
br —y=25
kxr+y=1
S5 —ky=m
r+y=1
ar +by =1
rT+ay =3
ar +by =4

de+y =3

30. :
axr +by =c

x4+ by =2
31. rt+ay T—Y

-1
2 3

1 b 2
axr + +y+ _

2 3
32. BxH1 ay+1

.
3+2

237 + 21y = 1

33. :
2lx + 23y = —1
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Fluency Practice

Solve and check each result:

1. 3z+ 4y = 2a 7. az+by=c

2. 2azx + 3by = 4ab 8. bx+ay=a+b
5az++b;byT3ab ab(z — y) =a®— b

= U k.~ 9. cx—dy=c—d

i o od(2dz — oy) = 201 —¢?
.x—y=2n
mx — ny = m? + n? 0, Ttm_1n

5. 2ba+ay =4b+a y—m m
abx—2aby = 4b + a z+y=2n

6. ax—by =a*+ b? n. (a4 z—by=a+2
bz + ay = 2(a* + b?) (@ — 1)z + 3by = 9a

12. (@ — b)z — (a + b)y = a® + ¥
bx +ay =0
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Purposeful Practice

(1= {OH+O+O+O0+0)
81 = (OH+O+O+ O+

st = ( O+ +()

= OO+

o= \/+\VV+\V+\/+\V/+(O+)
er = \V+V+(

e =\/+\/+\/+ O+
ot = \/+{

si=[ |+[ |+[ |+ O+O
or= [ |+ |[+O+O
st= \/+\/+\/+)
L= \/+
a=[]+]+O

= 1+0O

‘'suolzenba jo Jied yoes ul adeys yoes Jo anjeA ay3 pui4
suonenb3j snoauejnwis

(8

(4

(®

(P

(9

(e

Page 83



Purposeful Practice

‘adeys yoes Jo anjeA ay) 1N0 YIOAA
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Purposeful Practice
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Purposeful Practice

©

1 t-shirt and 1 jumper cost £25.

The jumper costs £5 more than the t-shirt.

(@
1 scarf and 1 hat cost £16.
The hat costs £2 more than the scarf.

(@

.

1 coffee and 2 teas cost £11.

A tea is £1 more expensive than a coffee.

©

2 cupcakes and 1 muffin cost £8.

@

3 t-shirts and 2 hoodies cost £81.

For the cost of 1 hoodie you
could buy 3 t-shirts

~

A muffin is double the price of a cupcake.

2 pairs of sweatpants and 3 jumpers cost £89.
For the cost of 1 jumper you could
buy 2 pairs of sweatpants and
have £3 left over.

® A
1 dress and 1 skirt cost £35.
The skirt is £5 cheaper than the dress.

\ v

/@ N\
3 notebooks and 2 books cost £33.
A book costs £4 more than a notebook.

\ A

© )
5 litres of washing up liquid and
2 litres of professional detergent cost £80.
The cost of 1 litre of detergent is £4 less than

the price of 3 litres of washing up liquid.
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Purposeful Practice
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Purposeful Practice
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Purposeful Practice

A A B >>

1) 2) 3)
56°
A >> D
| ZABC = 9%+ 7y +7
B c B [ c 4BCD = 4x+y+7

LABC = 2x +5y +4 £ABC = 5x +4y £CDA = 6x + 4y + 58

2ACB = 5x+6y—5 ZACB = 8x—y+1 ¢DAB = 3x+2y+2
h he val f 5 4BAC = 4x+3y +13 What is the size of each angle?

What are the values of x and y: What are the values of x and y?
4 A
A 4 ~ 5
4 5) 6) 7) 7
D B
E B
D B
D > c
C D C
AB:4x+y+5 I LEAB=5x+7y+14 £4BCD = 15x+6y+16
BC =3x + 3y AB=4x+y—7 AB = x +2y £CDA = 10x + 7y + 22
CD=X+4y-|-2 BC:5x+3y_1 ThiSisaregular AD=3X+3y
DA=2x+4y—1 CD=8x+2y—5 pentagon. Its perimeter BC =13x -2y
DA=2x+y+1 is 115cm. What are the What are the values of the
How long is each side? . . . .
How long is each side? values of x and y? given angles and sides?
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Purposeful Practice

subsections

a total of 60 people were observed

of these,

25% of the men had blue eyes

40% of the women had blue eyes

altogether there were 14 people with blue eyes

how many males and how many females
were observed?

41 people bought a newspaper
of these,

25% of the men were over 60
40% of the women were over 60

altogether 14 people were over 60

how many females and how many males
bought newspapers?

98 people were interviewed

of these,

30% of the women were born in London
33%3% of the men were born in London
altogether 31 people were born in London

how many females and how many males
gave information in the interviews?

a total of 76 people were asked about driving
of these,

20% of the women did not own a car

37%2% of the men did not own a car
altogether, 25 people did not own a car

how many males and how many females
were asked?
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Purposeful Practice

rectangles on a grid  how long and wide are each of the rectangles?

(1) (13, 13) )

T (19, 18)
the rectangles in
each question
are all congruent |
(1.2) (2.3)
- @) (12, 14)
(28, 13)

—

(1,2) 23
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Purposeful Practice

rectangles on a grid

|

(1,2)

the rectangles in
each question
are all congruent

(4)
(12, 6)

how long and
wide are each of
the rectangles?

o —1(13, 11)

(10, 13)

(2,3)

—1(9,11)

[(8, 16)

(2,3)
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Fluency Practice

éslaguinu omy s,wir aJe jJeyp
'0€ s19b By 49430 9y3 wod) suo syedigns
3y Uaym "0z si1ab ay Jayiraboy wayjy sppe
3y UBYM ‘SJaquinu om] Jo bupjuiyy si wir

*93BD 3U0 JO 1S0D 3Y3 pue 3Ndsiq
SUO JO 150D 3Y3 puld "ST°SF J0J Sayed

€ pue s}Ndsiq 8 SANQ BJIWES "G6'EF
10J S93BD € pue sundsiq § sAng piaeq

IT =47 +x¥ L =4£+xg
L =47 —xs5 () 8 = A+ x¥ (1)
1T = £+ xg y =47 —x
6=4—xg(u) 91 =4z + xg (6)
6 =47 +x 9=4A—x

cT =47+ x5 () 0=4«A+x(3)

I =4 +x¥ 9 = A7 — x¢
y=4£¢—x () 72=AL7+ x% ()
L =4£—Xxg L =K+ x¢§

6 =4 —x9 (q) G = A+ xg (e)
.9A\|0S

27 = A¢ + x7 c=A7 —x

Z=4£s—x(P) Gz=ALZ+ xg ()
L=4&+x 1=4—x
I=4—-x¢(q) §T=4+xzZ(e)

19A|0S

IT = A7+ x¢ 0T = £7 + x

LT =A£7+x5(p) 77 =A7 + xg (2)

MH\ﬁ+R N.“\ﬁ+un
6 =4+ x (q) 0T = £+ x7 (e)

:9A|0S
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Fluency Practice
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sobuelo 2a4y3 pue sa|dde aAld "€5°CF
S1S0D sabueuo om) pue sajdde aaay

L—=45—-x7 [—=4L-X
GGT =4L4+x () ¥ =4y +xg ()
T =47+ x¢ 6S = A7 — x/,
9=AG —x(p) 9T = ¢ — x7 (9)

01 = A¢ + xZ y=A£p —x

G=A+x%(q) TE£=ALZ+xG ()
:9A|0S

y—=4g—x LT = A7 — x§
¥1 =47 —xy (P) G =AG + x7 (9)

1T =47 +x 0Z = A€ + x7
G=4Ay —x, (@) €1=4Z+x (e)
:9A|0S

¢z =L+ xg 7 = —Xx¢
¥T = A7 — x% (P) $7 = A5 + x7 (9)
6T =4g+x § = Az — x¢

I1=4-x/(q) G=A+x (e)
:9A|0S

¥y =45 —x7 01 = L7 — X§
c=A—-—x(p) [=A«£-x5()

2z =4+ xp 9 = A+ x¢

IT=4s+x(q) £ =47+ x(e)
:9A|0S
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Fluency Practice

(a) (b) (c) (d)
Solve 2x + 3y =14 Solve 5x + 2y =37 Solve x +4y =17 Solve 2x+y =4
x+3y =10 3x—2y =3 3x+4y =19 3x+2y=5
(e) (f) (9) (h)
Solve 5x —y =36 Solve 7x+4y =6 Solve 6x —y =4 Solve 4x + 2y =19
x+3y=4 3x+2y=4 2x —4y =5 x+3y=16
() () (k) m
Solve 2x — 3y =20 4 burgers and 2 sausages costs The sum of two numbers is Find the coordinates of the
3x + 5y = 11 £4.70. 3 burgers and 5 10.3. The difference between point where the lines

sausages costs £5.80. Find the
cost of one burger and one
sausage.

the same two numbers is 2.84.
Find the two numbers.

2x + 3y =21 and
3x —y = 4 meet.
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Problem Solving

COUCON

Sz = A7 —xg

97 =L+ x¥ 6=4£A+x¢ G=4A+x

-

N
HWMHJ\HMHJ

6=4Ac+x G=»A+x [ 9=»A+x xz =4

/

COCON

7—xg=4

c—xz=4

o

[

c+x=4(

J
N

/ P+x=4« xz =4 F

"NOA 10} SUOP SI 1S1l} BYL "S|PPIW B} Ul Ylog 11 Jeu) S)es aoe|d

"suonenba ay) 11} ey} S8)JeUIPJO0D JO S}8S BWOS BIAA |
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Problem Solving

3y — 6x =15

Think of a
coordinate that
could belong in
each region.

2y —4x = —8

If you think a
region is
impossible to
fill, convince
me why!
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3 Combinations and Permutations

Page 106




Fluency Practice
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Purposeful Practice
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Purposeful Practice
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Purposeful Practice
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Purposeful Practice
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Purposeful Practice

Jess adds green.

T-Shirt Designing (Permutations
gning ( ) How many different designs can she now make with 4 colours?
Jess designs T-shirts.

If Jess only uses red & yellow, she can
make 4 different T-shirt designs.

Colour the T-shirts to show the different designs.

If Jess uses red, yellow & blue,
how many different designs can she make?

]
]
]
L]
]

Jess uses the 4 colours — but she doesn’t make any t-shirts with
the same 2 colours (like red & red).
(hint: it’s less than 12) How many different designs can she make?

How many designs could Jess make if she added pink?

How many designs could Jess make with 7 colours, but
she can only use a colour once?

This design is made from 3 pieces of fabric.

If we use only red & green,
how many different designs can we make?
(including all the same colour).

If we use 3 colours,
how many different designs can we make?
(including all the same colour).
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Purposeful Practice

Choosing Combinations
A company makes beachballs using

If we use red & yellow plastic pieces, we can make 3 different designs.
Colour those designs.

The company adds green.
2 pieces of plastic. Complete the table to show all the possibilities for 5 colours.

Why is it only 3 unique designs, not 4?

O O D

If we use red, yellow & blue pieces of plastic,

Left Side
Red Yellow Blue White Green
Red RR

§ Yellow YR YB
wv
= Blue
20 .
[~ White

Green

how many unique designs can we make?

O OO
O O P
O OO

If we use red, yellow, blue & white pieces of plastic,
how many unique designs can we make?

OROROX(
OROROX(
OROROX(
OROAOX(

NDADAND AN

How many unique designs are there?

A pizza shop has 7 different types of topping.

You can choose two — but they must be different.

How many different types of 2-topping pizza are available?

How many unique designs are there when a colour can’t be used twice?

An ice cream shop has 6 flavours. For £1.99 you can get 2 scoops.

@ How many different 2-scoop combinations are there?
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Problem Solving

Three students have a
total of 15 pens.

Each student has an odd
number of pens.

No two students have the

same number of pens.
How many does each

student have? Is there
more than one solution?

: 7 %

£ 4

Three students have a total of 17 pens.
Each student has an odd number of pens.
No two students have the same number of pens

Assuming they each have more than 1 pen, how
many does each student have?

Is there more than one solution?

Jiks T

=

N

AR

N

\\;;\ .

RO

N

%

77
2 Four students have 22 pens.

Each student has an odd number of pens.

No two students have the same number of
pens.

How many pens does each student have?

* what if they all had more than one pen? *
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Purposeful Practice

4 Product Rule for Counting

How many 2-digit numbers can you make with these 2 cards?
How does this change if we add a third card?

2] [e] [7] [3]

A) How many 4-digit numbers can you make using these cards?
* How many choices do you have for the 15t card?
* After you choose a 1%t card,
how many choices do you have for the 24 card, 3" card & 4t card?

[+] [e] [2] [s] [2]

B) How many odd 5-digit numbers can you make with these cards?
* One number must be last, how does this affect our choices?

7] [o] [2] 5] [3]

C) How many numbers greater than 40,000 can you make?
* How many choices are there for the 1%t card?

[s] [e] [¢] [3] [4] []

D) How many odd 6-digit numbers can you make?
* How many choices are there for the last card?

7] [1][e][5][2] 2]

E) How many numbers greater than 300,000 can you make?

-

(2] [e] [5] [2] [7] )

F) How many 5-digit numbers that are a multiple of 2 can you make?

7] [2] 4] [3] [e]

G) How many odd numbers greater than 50,000 can you make?
* Sum the choices for each starting card.

[e] [2] ] [7] [] [2]

H) How many odd numbers greater than 500,000 can you make?

o] [2] [s] [1] [] [4]

H) How many even numbers smaller than 600,000 can you make?

(o] [e] [7] 1]

1) How many 2-digit numbers can we make using these cards?
J) How many 3-digit numbers can we make using these cards?

2] [s] [5] [s][e]
K) How many ways can we make 3 numbers from these cards?

L) The number 156 is made. How many different numbers use these same digits?

M) If we don’t care about their order (the number they make):
how many ways can we pick 3 digits from the 5 cards?
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Purposeful Practice

Chess960 is a variant of chess in which some of the pieces are
placed randomly at the start of the game.

W s g B

I King Queen Bishop Knight Rook

(X2) (X2) (x2)

All eight pieces above are placed in a row following two rules:
& The bishops must be placed on opposite-colour squares.
I & The king mustbe plaoed on a square between the rooks.

Can you work out why it is called Chess960?
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4 Advanced Statistics
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Fluency Practice
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Fluency Practice
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Fluency Practice

Plotting Histograms

(a) (b)
Plot a histogram from the data shown in Plot a histogram from the data shown in
the table. the table.

. Frequency Frequency
Height (cm) Frequency Density Speed (mph) Frequency Density
0<h<20 24 1.2 0<s<10 5
20<h <40 32 1.6 10 <s <35 30
40 < h <80 44 35<s5<50 24
80<h <90 14 50<s<70 16
—2 4-8
41-8 1-6
8 > -4

-‘?-1-4 =
n v 4-2
c c T
@ 12 v
() 04
5 9
-0:8
§ 0:8 5
3 .0:6
9 06 o
2 o
w2 i 04
0-2 -0:2
of 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70

Height (cm)

Speed (mph)

(c)
Plot a histogram from the data shown in
the table.
. Frequency
Time (hours) | Frequency Density
0<h<4 3
4<h<8 5
8<h<16 22
16 <h<22 15
22<h<25 6
.25
s
0
c_2
()
(@]
> .
U =9
c
(]
3 4
O' 1}
4]
| .
(I
-0:5
0 4 8 172 16 20 24 28

Timé (hours)'
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Fluency Practice

Plotting Incomplete Histograms

(a) (b)

Complete the table and histogram. Complete the table and histogram.
Length (mm) | Frequency F'Sgrl::i?;y Mark Frequency Fﬁg;’;?&y
0<h<?20 16 0.8 0<s<5 2
20<h <60 48 5<s<15
60<h <90 45 15<s<30 27

90 < h <100 30<s <50 22
g z
= 2
v ]
o a
>

>
2 R
g o
3 ] |—
> =
£ |9

w

20 40 60 80 1 N
Length (mm) ,
0 10 20 30 40 50
Mark

(c)
Complete the table and histogram.

. . Frequency

Time (minutes) | Frequency Density
0<h<4 2

4<h<10 9

10<h <18

18< h<24

24 < h<?28 5
Py
)
C
]
(@)
>
(8}
C
(]
S
o -
et
(T

0 4 8 12 16 20 24 28

Time (minutes)
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Fluency Practice

Finding the Median from a Histogram

(a) (b)
4 5 4 _—
>
"_:_1' 3.5 b 4.5‘
~ 4 i
S 3 z
Q 2 3.5
§s 2.5 > 3
s 2 g 25
& g 2
@ 1.5 S
oy & 15
1 1
0.5 0.5
0 0 - - — - — -
012 3456 78 9 10 012 3456 7 89101112131415
Time(s) Height (cm)
(c) (d)
8 4
2.5 4 ]
2251 71
2 21 26
2 1.75 2
815 S 51
o1.25 < 4
§ 1 S
3 2 ]
$0.75 S 3]
LZ 0.5 2 A
0.25 L]
0 246 810121416182b22242628 ' 0.
Weight(kg) 0 2 4 6 8 10 12 14 16 18 20
Distance (km)
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Fluency Practice

Interpreting Histograms

(a)

(b)

(c)

The histogram shows some information
about the lengths of some sycamore
leaves.

-8

I

Frequency Density
1
(%))

6. 8 10 12 14 16
Length (cm)

(a) Find the total number of leaves that
were measured.

(b) Find an estimate of the number of
leaves that were less than 7 cm in length.

The histogram shows some information
about the waiting times in a queue at a
supermarket.

3:5

[
w

.
»
0

18

BN
)
W

Frequency Density

L
1

o
[2)

10 20 140 60 80 100 120
Waiting Time (seconds)

(a) Find an estimate of the proportion of
customers who waited more than 50
seconds.

(b) Find an estimate of the median waiting
time.

The histogram shows some information
about the ages of people visiting a library.
Ten of the people who visited the library
were less than 20 years old.

Frequency Density

0 10 20 30 40 50 60 70 80 90
Age (years)

(a) Find the number of people visiting the
library who are over 50 years old.

(b) Find an estimate of the median age of
the people visiting the library.
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Fluency Practice

(a)

(b)

The distance travelled to work by 50 employees is recorded in a
grouped frequency table.
(a) Calculate the frequency density for each class.

Distance (km) Frequency
0<d<5 12
5<h<10 16

10<h <20 10
20<h <30 7
30<h <50

(b) Plot a histogram.

(c) Use your histogram to estimate the number of people who
travel at least 12 km to work.

4

-_d

The house prices of 100 houses

. . . House Price
in a village are recorded in a Frequency
(£ thousands)
grouped frequency table.
0<p<100 6
(a) Use the information in the
table to calculate frequency 100 < p < 200 22
densities and plot a histogram.
200 < p < 250 18
(b) Use your histogram to
estimate the percentage of 250 <p =300 35
houses that cost less than
£270 000. 300 < p < 500 15
500 < p < 1000 4
(c)
The time taken, in minutes, by :
’ ! Time Taken
50 students to solve a maths me Frequency
) : (minutes)
puzzle is recorded in a grouped
frequency table. 0<t<?2 4
(a) Plot a histogram to 2<t<4 7
represent this data.
4<t<5 10
(b) Use your histogram to find
the median time taken. 5<t<6 12
6<t<7 11
7<t<12 6
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Fluency Practice

(—
Go00)
gag()
oo

Total Pop.?

20 of the population had
a height of 10 cm or less.

@

)

The area of a histogram represents frequencies.
On each histogram one group frequency has been given.

HEHH

0 10

20 30
Height (cm)

40

T

10 20 30 40
Height (cm)
l!|H‘f H H
20 i
10 20 30 40 50
Height (cm)

Find the total population for each data set.

@
30
0 T T
0 10 20 30 40
Height (cm)
10 EHE
0 10 20 30 40 50
Height (cm)
10 i
0 t HHH
0 20 40 60 80

Height (cm)

36

20

40

60

Height (cm)

12

B RRREE AR Ammmn
HHEEHEF

T

I

30 40

50

Height (cm)

|||!| ;z HH

20

30

Height (cm)
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Fluency Practice

& Workin’ Backwards Calculate the frequency for each How many large (5x5) squares are in this bar?
group in each histogram. Express this as a decimal & sum the total area.
a
) @ @) ® What method will you use? d) @/@)
T £ 45
fifist BT
Group Frequency Group Frequency
0 :
| @ EEdft Total | 230
} ® i ota
0 Total 180 0 —
0 10 20 30 40 0 10 20
Height (cm) Height (cm) As a decimal, how many
b) ) 5x5 squares are in this bar?
e
ONOBNONO © o ®
H t [ HH Group Frequency H ] H
@ o \ﬁ Group Frequency
e e @) H @
: © @
+HH @ ©)
Total 65 Total 156
0 0
10 20 30 0 20 40 60
Height (cm) Height (cm)
c f)
o @© 0 ® 06 @
17 i
Emmm mmmE Group | Frequency
EaE HH-HH Group | Frequency =a=d o)
i @) )
it @ ®
z Q @
0 | — Total 340 0 Total 380
0 20 40 60 80 0 80 160 240 320
\_ Height (cm) Height (cm)
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Fluency Practice

s

Histograms

1) People were surveyed about the time it took to get to their local shop.

Time, t, (mins) Frequency Class Width Frequency Density

20

15

20

20<t<40 30

Notice that the classes (groups) are different sizes.
To represent them fairly, we must show how relatively dense the class is.
We do this using ‘Frequency Density’: Frequency + Class Width

a) Complete Class Width & Frequency Density for each class.
b) Use the data to complete the histogram.

Frequency Density
N

0
0 10 20 30

Time, t, (mins)

40

i I How many people is one square worth?
Estimate:

a) How many people took 5 minutes or less to walk to work.
b) How many people took between 30 & 40 minutes to walk to work.

Why are these estimates?

~
2) Students were surveyed about the time they spent
doing homework last night. Complete the graph & table.
, [
Z
B
S
o 2-
z
c
(0]
3
g 11
i
0 T
0 10 20 30 40 50 60 70 80
Time, t, (mins)
Time, t, (mins) Frequency Class Width Frequency Density
0<tg20
20<t<30
30<t<40
40<t<80 40 40 1
3) As a logic test, adults were given a puzzle to complete.
The histogram shows the results. Complete the frequency table.
3 Il Time, t, (mins) Freq.
fy 0<tg20
£ 20<t<50
o 2
P 50 <t< 60
o
3 - Which group is the median in?
(]
-1 1 | = How far into that group
0 is the median?
T
0 20 40 60 Mark the median on the histogram.
Time, t, (mins) What is its value? )
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Fluency Practice

e -
Histograms 2) 200 students were given an English test.
1) Shoppers were surveyed about their age. Complete the histogram. Complete the histogram.
Age Cumulative . Frequency A
Cumulative . Frequenc
o (e Frequency Frequency kR e Density Score, s Frequency R Class Width D:nsityy
11<a<16 > 50 < s < 60 40
;6<"<;4 ig 60 < s < 80 20
4<a<27 80 < s < 90 80
90 <5< 120 60
25
2
o 4 8
2 7
g3 z
g2 2 6
o [J]
21 a5
[ >
0 c 4
11 13 15 17 19 21 23 25 27 2 3
(O]
Age, a, (years) s,
- | How many people is one square worth? 1
0

Complete the Cumulative Frequency column.

a) In which class is the median value (20t value)?
How far into the class is the median value?

Mark the median value on the histogram. What is the median age?

Why is this an estimate?

b) In which class is the lower quartile (10t)?
How far into the class is the lower quartile?
Use the histogram to estimate the lower quartile.

c) In which class is the upper quartile?
How far into the class is the upper quartile?
Use the histogram to estimate the upper quartile.

\d) Estimate the inter-quartile range.

50 60 70 80 90 100 110
Score, s
a) What is the modal group?
b) Calculate an estimate for the median.
c) Calculate the lower and upper quartiles.
d) What s the interquartile range?

e) Estimate how many students got less than 55 marks

f) Estimate how many students got more than 115 marks.

3) 20% of the students got an ‘outstanding’ score.

a) How many students got an outstanding score?
b) What score was the boundary for ‘outstanding’

120
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Histograms: Reading

1) The histogram shows the time taken by workers to commute.

a) Complete the frequency table. 4
>
Time, t, (mins) | Freq. E
0<t<20 83
>
20<tgK 25 22
(]
25<tg35 >
o 1
35<tg50 '
0
b) Calculate an estimate for 0 10 20 30 40 50
the mean time taken to commute. Time, t, (mins)

2) The histogram shows the distance workers commute.

Frequency Density

50

N
o

w
o

N
o

Juny
o

o

0 5 10

15 20 25 30 35 40
Distance, d, (km)

How many people commute ...less than 10 km?
...more than 20 km?
...between 10 km and 15km?
...less than 2 km?
...more than 22 km?
...more than 7 km?

3) The histogram shows temperatures on different winter days.

N
o

[Eny
o

Frequency Density

0 2 4 6 8 10 12
Temperature, t, (°C)

Use the histogram to estimate...

a) ..the median.

b) ...the lower quartile.

c) ..the upper quartile.

d) What is the inter-quartile range?

4) The histogram shows the weight of different packages.
5 —

4

Frequency Density

0 10 20 30 40 50 60 70
Weight, g, (kg)
a) Estimate the median.
b) Estimate the inter-quartile range.
c) Estimate the mean.

80
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Frequency Density

Frequency Density

Frequency Density

Histogram Populations  Find the total size of each population.
@ Cats were weighed at a rescue centre. @ A sample of the snail population on St. Hilda Island was measured.
] 1 Length
4 Weight Class | Frequency Freq. | CW FD
> l
3 w (kg) Frequency Width | Density = 80+ (cm) 20
2 o<wg4 4 2 § 60- 0<ig
N 4<wg5b § 40
5<wg’? g 204
G T T T T g
012 3 45 6 7 £ 0 | [
Weight (kg) 0
Length (cm)
@ Participants in a global experiment were
Trees in a newly-planted forest were measured. @ timed completing a complex puzzle.
i Height Class |Frequency Tin.ne Freq. | CW FD
40 h (m) Fred- | width Density Z 16- t (mins)
30 2<h<5 2 300
20 5<h<8 8 124
>
10 8<hg9 § 84
3 -
0 T T T T T g 4
2 3 45 6 7 8 9 el — 11 . |
Height (m) 0
Time (mins)
® A snake-farm measured its serpents. ® Local schools compiled English test scores.
Length i
8 1 (ri) Freq. | CW FD = Marks, m Freq. | CW FD
| £
6 20<1< 40 S 120
a
4 40 < 1< 55 >
e
2 s
[on
0 ; £,
20 40 60 80

Length (cm)

T T T T
0 10 20 30 40 50

Marks
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Frequency Density

Frequency Density

Frequency Density

Histogram Populations: Missing Frequency Density

Weight (kg)

Weight (kg)

@ Use frequency tables to find the total population from each graph.
@ Weight F | cw |
] - Weight | ey Class |Frequency w (kg)
w (kg) q Y Width | Density 20<w < 50
T 0<wg3 6 Zz 50<w<60 | 30
3<wg4 § 60 < w < 80
i 4<wg6b > |
C
(]
T T T T >
01 2 3 4 5 6 7 g
Weight (kg) L 0 — T T
20 30 40 50 60 70 80 90
@ Weight (kg)
@ Weight
: w (kg) F
Weight 2
I wig) | 4 (W] P15 60 < w < 80
o<w<2 | 12 a 80<w< 110 | 36
| | 2<w<3 9 110 < w < 120
3I<wg’7 %
1 o
0 1 1 1 1 - G T 1
01 2 3 4 5 6 7 60 80 100 120
Weight (kg) Weight (kg)
@ 20 people weighed 100 kg or less.
Weight
. Freq. cw FD mm—
w (kg) d
] I o<wg4
] 4<wgK6 30
6<wg12
0 T T T T o T T T
0 2 4 6 8 10 12 14 60 80 100 120 140 160

Page 156




Fluency Practice

A scientist records catch-weights on a fishing boat.

Histograms: Quartiles

A scientist samples corn heights from a field.
Estimate the median.

Estimate the median. =
Weight Frequenc Class Frequency 8880
w (kg) q Y| width Density Height, h (cm) Frequency cw FD
o<wg10 0<h<g40
10< w < 40 40 < h< 90
40<w< 60 90 < h < 110
R A M M M W
oy HHHHH = HHHHHHH A
-‘7’ 2 INNEE ENN .‘7’ 1 NS NN SN L]
c c
] ]
o o
o) o)
S 1T g 05 Emmmm
=} =}
[on o
() ()
fr o
0 1 1 1 O 1 1 1 1
0 10 20 30 40 50 60 0 20 40 60 80 100 120
Weight (kg) @ @ Height (cm)
A fast-food delivery company checks delivery times. @ @ Monthly Rainfall in Congolian Rainforest
Estimate the interquartile range. 0.6 S
: NN NN
Time, t (mins) | Frequency - HEA A
g 04
o
o)
c
S 02 1
o o
T L I .
o SN REE
E EEEsIEEEEEEEE: 0 : : : :
S 60 80 100 120 140 160 180 190
D> Rainfall (mm)
e 5 Estimate the interquartile range.
g T
2 !
[J] 1
i T
0 T T T T
20 30 40 50 60 70 80
Time (mins)
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4 4
Overspeed l::[:;f A local council samples car speeds % Overspeed A local council samples car speeds %
within a 30 mph zone. within a 30 mph zone.
27 20 10 26 16 15 3 27 20 10 26 16 15 3
36 11 28 18 12 8 14 36 11 28 18 12 8 14
21 26 31 42 24 48 21 7 26 31 42 24 48
22 29 30 9 35 22 6 29 30 9 35
Tally & summarise the data in the frequency table. Tally & summarise the data in the frequency table.
Use the information to create a histogram. Use the information to create a histogram.
Speed, s Class |Frequency Speed, s Class |Frequency
(mph) el Frequency Width | Density (mph) el Frequency Width | Density
Underspeed| 0<s < 10 Underspeed| 0<s < 10
Expected | 10< s < 30 Expected | 10<s < 30
Acceptable | 30 <s < 35 Acceptable | 30 <s < 35
Speeding | 35<s <50 Speeding | 35<s <50
N N
1 1
> 08 > 08
£ £
o o
o 06 2 06
> >
2 2
(2] 0.4 1] 0.4
3 3
g e e e e A P PP A P A g e e A e A PP A P A PP
s 0.2 s 02
0 > 0 >
0 10 20 30 40 50 0 10 20 30 40 50
Speed, mph Speed, mph
L p p JAN p p )

The council may impose a 20 mph speed limit. Use the graph to estimate
how many cars were travelling above this speed.

How can we calculate an estimate for the mean?

The council may impose a 20 mph speed limit. Use the graph to estimate
how many cars were travelling above this speed.

How can we calculate an estimate for the mean?
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4 4
Sugar Rush Food scientists measure the grams of sugar % Sugar Rush Food scientists measure the grams of sugar %
. in 500 grams of different snacks. . in 500 grams of different snacks.
31 81 26 14 42 37 93 11 31 81 26 14 42 37 93 11
87 28 96 23 80 12 6 95 87 28 96 23 80 12 6 95
33 10 18 | 100 | 35 38 33 10 18 | 100 | 35 38
Tally & summarise the data in the frequency table. Tally & summarise the data in the frequency table.
Use the information to create a histogram. Use the information to create a histogram.
Sugar, s Sugar, s
Tally Tally
(g) (g)
Negligible 0<s<10 Negligible 0<s<10
Acceptable | 10<s < 40 Acceptable | 10<s < 40
Unhealthy |40 <s< 80 Unhealthy | 40 <s < 80
Unacceptable |80 < s £ 100 Unacceptable |80 < s £ 100
A A
2 2
1%} 1%}
c c
(0] (]
o o
z z
C C
(] (]
3 3
[on [on
[J] [J]
P R R 1 R 8 1 S 8 M e R R B R 8 1 O 8 M
0 > 0 >
0 0
\_ Sugar per 500 grams JAN Sugar per 500 grams Y,

According to health experts, snacks should have less than 5% sugar.
Use the graph to estimate the percentage of snacks above this limit.

Mark an estimate for the mean sugar level on the histogram.

According to health experts, snacks should have less than 5% sugar.
Use the graph to estimate the percentage of snacks above this limit.

Mark an estimate for the mean sugar level on the histogram.
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Plotting Frequency Polygons

(a) (b)
The table shows the speeds of 60 motorbikes on a road.
students.
Speed s (mph) Frequency
0<s<10 3
10<s <20 11
20<s <30 24
30<s <40 15
40<s <50 7

Draw a frequency polygon to represent this information.

I\_lumber o Frequency
Pairs of Shoes
1-3 6
4—-6 16
7—9 18
10—12 7
13 -15 3

The table shows the number of pairs of shoes owned by 50

Draw a frequency polygon to represent this information.

—25
-20
—20
—15
3‘1 15 &2
(b_ *
@
'g Q
5 =10
30 :
< <
—5
—5
0 10 40 50 0

20 30 :
Speed s (mph)

2
|

4 6

8 10

12

Number of Pairslof Shoes

1
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actice

@

Use the frequency polygon to complete the table & calculate the mean item price.

Calculating Averages From Graphs

New Trend Clothing Inc. record sales in their stores over one day.

Clothes Sales: 8t July

400 -

300 -
o) / EAN
s 4
< = =
=}

g 200
&
100
o — e —
0 10 20 30 40

Item Price (£)

Item Price, p (£) Frequency Midpoint fxm

0<p<10

In which group is the median?

Which is the modal group?

Calculating Averages From Graphs

The New Trend store in Forest Valley Mall records its sales on one day.

Clothes Sales: 8t July

80
60 ——A N e N
> EEER/ AREEREEEEEmEMddmma HREEE HmRE AL N
< /
> 40 o T
g /1 -
£ N\
20 EENE AENEE ANEEE ERENE RN N
0
5 10 15 20 25 30 35

Item Price (£)

State the modal group, the mean item price, and
the group that contains the median item price.
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Problem Solving

Class 9Y2 are taking a maths test. What would the box plot of their results look like if...

...the test was far too easy. ..there was a high median & a small interquartile range.
...the distribution was symmetrical. ..the class did well, except George who was late!

...the results were very consistent. ..the results were perfectly distributed.

...the results were low scoring & inconsistent. ...50% of the students got 100%.

...the test was too difficult for most, but Mary got 100%! ..the interquartile range was 20% of the range.

...the lowest result was shared by 25% of the students. ...only the top 50% of students had consistent results.

What interesting results & distributions can you sketch?
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Problem Solving

10X1

Results Day

Match each classes Science Test Results with a box plot & complete both. Every class has 32 students.

a 50% of the class scored more than 52. 75% of the class scored more than 58. =
Lowest Score 28
Greatest Score I 1 "
Lower Quartile 50 ! —"i = i | I 'i 1
Upper Quartile 0O 20 40 60 8 100 20 40 60 8 100
Median 60 Marks Marks
10X2 b P
25% of the class scored more than 80. The interquartile range was 22.
Lowest Score 14
Greatest Score 98
Lower Quartile i ! § =5
Upp;lr 3_“3”"‘* 76 0 20 40 60 80 100 20 40 60 80 100
edian L Marks ) L Marks J
10X3 , N [ ) )
€ 50% of the class scored less than 36. The middle 50% of students 9
Lowest Score 48 scored between 38 and 68 marks.
Range mma: — H mnn
Lower Quartile {
Upper Q.uartile 72 0 20 a0 60 l80 100 o awo o s 100
Median 68 L Marks ) L Marks )
10X4 ( d N ( h N
Lowest Score 8 students scored less than 28. 24 students scored more than 34.
Range 64
Lower Quartile =
Upper Quartile | 66 0 20 40 60 80 100 20 40 60 80 100
Median 58 Marks Marks

J

-

J

What comments can you make about the results? (Median, Maximums, Minimums, Consistency, Range)

10Y1
Lowest Score 10
Greatest Score 78
Lower Quartile 32
Upper Quartile
Median
10Y2
Range 72
Greatest Score 74
Lower Quartile
Upper Quartile
Median 54
10Y3
Lowest Score 14
Range 48
Lower Quartile
Upper Quartile
Median
10Y4
Lowest Score 18
Greatest Score 88
Lower Quartile
Upper Quartile 48
Median 34
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Problem Solving

Comparing Classes 1

2 classes took a science test. We want to compare the scores for the boys in each class (9Y4 & 9X4).
The scores are in the table.

Place the scores in ascending order to identify each quartile (Lower, Median, Upper).
Plot this information as a box plot.

What does the shape of each box plot show?
What comparisons can we make between the classes?

Class 9Y4
(boys) JJycJeJge gy Je
28 44 40 I I 2 i i = i i i |
52 56 60 Q Q,
62 26 45 B B
40 54 o
0 10 20 30 40 50 60 70 80 90 100
Class 9X4 Result (%)
(boys)
31 43 58
54 58 31 I
42 56 40 0 10 20 30 40 50 60 70 80 90 100
70 32 90 Result (%)

©

AN
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Problem Solving

Comparing Classes 2

2 classes took a science test. We want to compare the scores for the girls in each class (9Y4 & 9X4).
The scores are in the table.

Place the scores in ascending order to identify each quartile (Lower, Median, Upper).
Plot this information as a box plot.

What does the shape of each box plot show?
What comparisons can we make between the classes?

Class 9Y4
(girls) JJuJe ooy g d ey
80 72 36 I I I I I I I I I I I I I
35 15 78
42 79 12
74 71 74
14
0 10 20 30 40 50 60 70 80 90 100
Class 9X4 Result (%)
(girls)
42 58 42
52 50 56 N O I O N W N AR AW AN AR
46 42 98
62 51 46 0 10 20 30 40 50 60 70 80 90 100
Result (%)
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Problem Solving
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Problem Solving

A company has 72 employees, all of whom are at least 20 years of age.

The number of employees aged from 20 to 30 1s equal to the number of
employees aged over 50.

The number of employees aged over 30 but no more than 40 1s twice the
number of employees aged over 50.

One third of the company’s employees are over 40.
The company’s oldest employee 1s exactly 60.

Construct a cumulative frequency graph for the ages of the employees.
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Problem Solving

7 17 22 25 27

1 } = = | | |
0 5 10 15 20 25 30
Marks

The boxplot above shows the distribution of marks scored in a test by pupils in a
Geography class. There are 31 students 1n the class.

Find upper and lower bounds for the mean score achieved by the 31 students.
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Fluency Practice

Plotting Cumulative Frequency Graphs

(a) (b)
Plot a cumulative frequency 40 Plot a cumulative frequency 50
graph from the data shown graph from the data shown in =
in the table. 35 the table. :
4
. Cumulative > 3 Cumulative 335
nEEnE (@i Frequency § 25 Sipssel () Frequency §_30
10<h<20 3 g,_zn 0<s<10 6 52:
10 < h <30 8 P 0<s<20 10 '
2 15 22
10 < h <40 19 © 0<s<30 22 ® s
3 10 =}
10 <h <50 29 E 0<s<40 35 E 10
O -5 O
10<h <60 35 0<s<50 44 5
10<h<70 40 o "o 20730 4o 50 60 70 0<s<60 50 BT =R IR T TR R =R
Height (cm) Speed (mph)
(c) (d)
Plot a cumulative frequency 80 Plot a cumulative frequency 50
graph from the data shown graph from the data shown in s
in the table. o the table.
- - > 60 - >
Time Cumulative 0 Cumulative | £ 35
< Cost (£) ]
(hours) Frequency 2 50 Frequency 33
o @
0<h<5 9 ._%’40 20<c <40 4 & 05
0<h<10 21 g 20 < c <60 11 250
0<h<15 38 5 20 < c <80 19 §1<
20
0<h<20 60 E 20 < ¢ <100 36 31
O 490 .5
0<h<25 73 1 20 < ¢ <120 45
0<h<30 80 0 10115/ 20/ | 125/ 1130 20 < ¢ < 140 48 ol 720" 4o 60 80" 100 120 140
Time (hours) Cost (£)

Page 191




Fluency Practice

by) ybia
0Z>m>0971 0c>m>90 0z w.rﬁ «wrt m\S p
9IS Mm>71 9IS M>0 ®
3
1>m>g IS M> 2
S
0T g>m>y 8>m>0 £ N
/ =
rP>Sm>0 r>Sm>0 @
E
(6%) Aouanbau4 (6x) S
Aduenbaid | 5m aAneinwnD | yblam 8
*9|1qe3 Aduanbauy *9|1qe3 Aduanbauy
padnoub ayj 919|dwo) aAIlR|INWND ay] 939|dwo) v
()
- - (wo) yabuag
09>1>0§ 09>1>0 09/ +0S0p 0 0 L 0
0SS1>0% 0S51>0 o
0¥ > 1> 0¢ 0rS1>0 / omm
0€51> 02 0€51>0 \ oe &
<
0Z51>01 o1 0251>0 \ or 3
<
0151>0 0 01S1>0 \\ 3
o
ENETTEIY (wo) Aduanbau (wd) 99 3
yabua aARe|nwND yabua op S
'31ge3 Aduanbauy *3|ge3 Aduanbauy aa
padnoub ayj a19|dwo) aAIllRINWND ay] 939|dwo) v
(q)
< < saqnuIw) aull
0I>1>8 oy 0T>21>0 & % e v.y m&w .
851>9 851>0 i Ly
/ ok m
951>% 951>0 Nww.l
0T ¥F>1>¢ 91 ¥S1>0 wwM.
/ 02y
9 751>0 9 751>0 / x.,m
e
fousnbaig (s3nuiw) Aousnbauy | (se3nuiw) WM 3
awil| aAlR_INWND awi| T8
9
'9]qey Aouanbauy '9]1qey Aduanbauy v
padnoub ay3 a19|dwo) aAIe|INWND 3y3 339|dwo) \
(e)

syde.an Aduanba.ag aanejnwn) wody sapuanbaag 6ulpuly

Page 193



Fluency Practice

Reading Cumulative Frequency Graphs

(a)

(b)

(c)

The cumulative frequency graph shows the
height of 40 plants in cm.

40
> 35
O
o
30
3
o //
O 25
L.
[T /
o 20 /
= /
)
£ 15 /
= /
g 10 >
O 5
0 10 200 30 40 50 60 70 80

Height (cm)
(a) Find the median height of the plants.

(b) Find the interquartile range of the
heights of the plants.

(c) Find the number of plants whose height
is less than 30 cm.

The cumulative frequency graph shows the
speed of 60 cars in km/h.

D
(=]

55 '/
> 50 /
g a5
]

S 40

U5 /
£ [
LC 30 /

g 25 /
220 //
S5 /

€ . 7

O s o

4

0 100 20°  30° 40 50 60 70 ' 80 90

~ Speed (km/h

(a) Find the interquartile range of the
speeds.

(b) Find the number of cars travelling less
than 45 km/h.

(c) The speed limit is 70 km/h. What
fraction of cars are breaking the speed
limit?

The cumulative frequency graph shows the
age of 80 apple trees in years.

/

Cumulative Frequency

0 5HH-40-+H-15-+H-20-+-25-1-30-+H-351+140
Age (years)

(a) Find the number of trees that are at

least 25 years old.

(b) Oscar says “30% of apple trees are less
than 15 years old”. Is Oscar correct? You
must show working.
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Fluency Practice

(a)

The heights of 40 oak trees are

recorded in a frequency table. Height (m) Frequency
(a) Use the information to 10 < h <15
calculate. cumulative 15 < h < 20 9
frequencies and plot a
cumulative frequency graph. 20<h=125 13
(b) Use your cumulative 25<h <30
frequency graph to find the 30 < h <35
median and interquartile range
. 35<h<40
of the heights of the oak trees.
~40
—35
=, —30
o
=
S 25
S
o
=
o —20
2
S 5
=
£
S 0
—5
0 510 152025 30 35 40

height (m)

(b)

The time taken by 100 Time

students to complete a jigsaw (minutes) Frequency
is recorded in a grouped 30 < t < 40 4
frequency table.

(a) Use the information to 40 <t <50 11
calculate cumulative 50 <t <60 20
frequencies and plot a

cumulative frequency graph. 60<t=<70 28
(c) Use your cumulative 70 <t <80 19
freql.Jency gr.aph to f|nF| the 80 < ¢ < 90 13
median and interquartile range

of the times taken. 90 <t <100 5
(c)

The History test score of 60

students is recorded in a Test Score Frequency
grouped frequency table. 0<s<10 1
(a) Plot a cumulative frequency

graph. 10 <s <20 4
(b) Find the median score in 20< s <30 6
the History test.

(c) Use you graph to estimate 30<s<40 12
the number of students who 40 <s <50 17
scored less than 36 ma_rks. 50 < s < 60 13
(d) Use your graph to find the

minimum score required to 60<s<70 5
come in the top 10% of 70 < s < 80 5

students in the test.
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Fluency Practice

Match each cumulative frequency graph with its corresponding boxplot.
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Purposeful Practice

Calculating Averages From Graphs

For players that spend money in their game,
Apex Games records how much they spend in one day.

Player Spending: Goblin Attack!

60
50 y
>
g 40
(0]
=}
[on
L
Z, 30
5 :}
= /
£ 20 /-
(] i
10 3
/
0
2 4 6 8

Use the graph to estimate the median & interquartile range for spending.

Use the graph to complete the table & calculate the mean spending.

Spending (S$)

E @

Calculating Averages From Graphs

Apex Games has published over 20 games.

Game Sales

100

80

60

404+

Cumulative Frequency

20

Spending, s ($)

Frequency

Midpoint

fxm

0<sg?2

2<s

<

<4
4<s<K6
6<s<K8

Totals

0 5 10 15 20 25
Sale Price ($)

Use the graph to estimate the median & interquartile range for sale prices.

Use the graph to calculate the mean sale price.

Over time, they change prices up & down to increase demand or increase profit.
They record all the sales made at different price-points.
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Purposeful Practice

Interpreting the Shapes of
Cumulative Frequency Graphs

Nearly all students scored
near the median.

High median score.

Low median score.

Even distribution of students
across the range of scores.

Most students scored near the median.
There are equal amounts of high & low scores.

Each of these cumulative frequency graphs show the test scores for different science classes.

How can we describe the results represented by each graph? How do the results relate to the median?

Most students scored very high
or very low marks.

Cumulative =
Frequency
Cumulative ™
Frequency

Score Score

w
S

Most students scored
high marks

Cumulative
Frequency
Cumulative
Frequency

Score Score
Few students scored

high marks

(9]
[+

Cumulative
Frequency
Cumulative
Frequency

Score Score

~N
-]

Cumulative
Frequency
Cumulative
Frequency

Score Score
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Purposeful Practice

Sketching the 8 classes took a science test & their results are described below.

Shape of Sketch a cumulative frequency curve for each description.

Cumulative Data

1
£ g 2z
5o ]
Even distribution of students g > Most students scored near the median. g >
(9] . (O]
across the range of scores. S £ There are equal amounts of high & low scores. S 5
(&) (@]
Score Score
3 4
L > v >
> O > O
S € s c
o v © o
Few students scored g > Nearly all students scored g >
. (9] . (O]
high marks S near the median. S
Score Score
5 6
£ g 2z
5o " o
Most students scored g > Most students scored very high g o
. (9] (O]
high marks S or very low marks. S
Score Score
8
2z ¢z
== s c
o O o
= ER-
Low median score. € o High median score. € o
S5 & 3«
O
Score Score J

Think about the rate the cumulative frequency increases above and below the median.

®)
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Purposeful Practice

-~

1) 50 students took a Geography test. Their results were put into 4 groups.

Cumulative Frequency Curves

A) Complete the table to find the cumulative frequency.

B) Plot the table data on the graph.
Remember we plot each group 50
at its highest value.
LC>,4O
Mark [Frequency i::“:::::e Coord. %
q y &30
0-20 5 o
=
2140 | 22 2207 -
IS
41-60 14 3 10
61-80 9
o8
C) Join the points with a curve. 0 20 Al\‘/(l)ark 60 80

Could we join points with straight lines instead?
Should we start the curve at (0,0)?

D) We want to find the median. With grouped data we can estimate and use n + 2
Plot a line from n + 2 to the curve. What is the estimate for the median?

2) 30 students take a Science test.

Mark(m) | F. | C.F. Their results are put into 6 groups.
11<m<20 | 2

g 30
21<m<30| 7 g

o

(]
31<m<40| 9 £20

2
41<m<50| 8 ® 10

>

€
51<m<60 | 3 3 0
61<m<70| 1 10 20 30 I\;Ilecl)rk 50 60 70

A) Find an estimate for the median

-

3) Mr Smith has drawn a cumulative frequency graph for
the results of his Year 9 students.

> 40
S
S Upper Quartile
E 30 ?//x/
g 20 Median /"//>
Lower g
Quartile-> £ 10
3 N
0
0 10 20 30 40 50 60 70 80
Mark

Mr Smith wants to measure the spread of the data, but he wants to eliminate

extreme values and focus on the middle 50%. To do this he marks the

first quarter (Lower-Quartile) and third quarter (Upper Quartile) of the data.
A) What is the interquartile range?

4) The data for Mr Smith’s Year 10 students is in the table.
A) Complete the cumulative frequency graph.
B) Find the median and the interquartile range.

Mark(m) | F. |C.F. 50
o<Km<10 2
40
11<m<20 | 3 §
g 30
21<m<30 | 9 2
[
31<m<40 | 13 % 20
41<m<50 | 14 € 1o
>
O
51<m<60 | 6 0
61<m<70 | 2 0 10 20 30 40 50 60 70 80
Mark
71sm<80 | 1 C) What comparisons can you make between

Mr Smith’s Year 9 and Year 10 students?

J
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Purposeful Practice

A charity recorded the size of some

donations it received.
Complete a cumulative frequency
graph to show this information.
o)
Donation, e Cumul. §
d (£) q Y Freq. g
0<dg?2 20 ';E
2<d<4 60 =
4<d<6 80 2
6<d<8 40 3
Estimate the median donation size by
plotting a horizonal line from 100 on
the y-axis.

Cumulative Frequency Graphs

Customer support recorded how long customers had

Time to wait before their phone call was answered.
200 'd Freq. | CF
t (seconds) Plot a cumulative frequency graph to show this data.
180 0<t<20 | 20
160 20<t<40 | 40 160
140 40<t<60 80 140
120 60<t<80 | 16 g 120
100 80<tg100| 4 % 100
80 Use the graph to estimate E 80
the upper quartile = 60
60 (horizonal line from 120) E
40 & lower quartile 3 40
. (horizonal line from 40).
o Use these readings to 0
80

20

40 60 100

0 1 2 3 4 5 6 7 8 calculate the interquartile range.
Donation (£) @ @ Time (seconds)
A food scientist records the sugar content in 1 kg of different snacks. @ @ A local council records English test results from two schools.
Plot a cumulative frequency graph to show this data. 500 Wood Valley School
(Sg“ri":;:) 100 <5 <150 | 150 <5 <200 | 200 <5 < 250 | 250 < s <300 | 300 < s < 350 : - Greatham School
Freq. 4 10 14 6 6 400 Estimate the median result
> i
g o for each school.
] / |
S oo e n/ mun
Use the graph to estimate 50 o T it '
the median & the "f.} !
int til 40 = !
interquartile range. o o 2 200 y,
Ee) 30 =} / /
33 20 = The council wants all
gz © d 15 mark
Eo 100 / students to get 15 marks.
o w 10 s pan
0 afEsroad Estimate the number of
students from each school
100 150 200 250 300 350 0- ‘ that got less than 15 marks
Sugar (grams) 0 10 20 30 40 50 ’
Marks
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Purposeful Practice

Students in 6 schools take an English exam (graded 5.0 to 9.5). Complete the box plot for each school.

lative F hs & Box Pl . ) . . - -
Cumulative Frequency Graphs & Box Plots Which school did best? Which was most consistent? What comments can you make about the maximums & minimums?

Abbotsfield School Beckley High Crickham School
1404+ S EeEseEeEtaass saua aaaas 140 T :
> 120 > 120 > 120
s ABAES EARRN RRaRE Runil HEARt BYP". rENEN EARAN RRESY S e AT S [BEEeRARRY autBy Rups” (cunt B Run Ea R R RaN Rnete
5 100 5 100 5 100 TP
g 5 g
& 80 L 80 i £ 80
g i H+ v / o
2 601— 2 60 2 60 /
o / © o .
g 40 g 40 g 40
=} =} 35
© 20 “ © 20 © 20
0 0 0
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
Grade What assumption has Grade Grade
been made?
Grade Grade
Dennis Moor School Eagleton Secondary Frinley High
140 1401 T 140
> 120 > 120 ‘ > 120
c c c
g 100 $ 100+ g 100
g g | g
xr 80 f L 80 r 80
o o u| o «
2 60 2 60 2 60
o o i o
2 40 E 40 i it E 40
> ] >
© 20 © 20 © 20
0 0+ 0
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
Grade Grade Grade
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Purposeful Practice

4 Cumulative Frequency Graphs & Box Plots 3) These two tables show the results for Year 7 and Year 10 end-of-year English tests)
1) The cumulative freo!uency graph below show§ the results of a Year 8 science test. Year 10 Mark (m) . CF
Josh got the highest mark in the class with 76. Min = 0
Samantha got the lowest with 7. Year 7 Mark (m) F. C.F. Max = 92 0<m<10 1
A) Find the Median, Upper Quartile and Lower Quartile from the graph. Min=8 0<m<20 15 11<m<20 1
B) Combine all this data to create a box plot. Max =99 21<m<40 22 21<m<30 7
| 41<m<60 18 31<m<40 12
g 40 ,;k’-)l‘* 61<m<80 | 11 ;‘1<’"<Zg 12
s | 81<m<100 | 4 SMS
g 30 61<m<70 15
'},;, 20 ! x/ EEdE snch A) Plot both sets of data on the single grid. 71<m<80 2
= EEEE i B) Use the graphs to plot two box plots 81<m<90
=] I fsg [BRIE on the same grid.
‘ 91<m<100
§ 10 FH AT i B C) Compare the data. Which class did best? = =
T
0 10 20 30 40 50 60 70 80 70
Mark S : !
60}
. !
i < 50
0 10 20 30 40 50 60 70 80 > i T
Mark 2 40 HHHH j e
- !
2) This cumulative frequency graph shows the results of a Year 10 science test. = 30kt R e T tH f
©
=
oy IS
2 30 A) Use the data to complete 3 20
“g’_ i e the box plot.
3 ‘
E B) What comparisons can
s 10 you make between 0 | |
E 1 B2 i i the Year 8s and 0 10 20 30 40 50 60 70 80 90 100
3 ol the Year 10s? Mark
0 10 20 30 40 50 60 70
Mark Year 7
= - Year 10 s T
0 10 20 30 40 50 60 70 80 90 100
\§ Mark Mark J
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Purposeful Practice

@ @

80 Year 10 students take a e g o oo o A | Pirate Penny weighs the 30 :jiamonds 30
science test. l[{ 25! she has plundered! ;_:>, -
0 (3]
>
g 20
The data was not groupedto ",'1', 15
create the box plot. 2 80 : Weight, g =
3 AR = 10
g O (She doesn’t group the data.) E
P HHHHHHH A 3 5
Which points can we plot g 40 o o i S8 e Plot the data on the grid. 0
. to createacumulalmve > = 20~ What shape do we expect a 0 10 20 30 40
requency curve/polygon? g o T T cumulative frequency curve to Weight, g
© 0 10 20 30 40 have outside the interquartile range?
Marks
@ Race times for 400 charity runners in the Green Park 20K. @
A scientist takes a sample of H— ' — EEREESNREERARERERRNEEE
400 stalks of wheat and A
measures the heights. 70 80
Time, minutes
To create the box plot, they 500 The data was sorted into 3 groups to 400
group the data and A S A A A calculate the median & the quartiles.
use the minimum & maximum. N N AR AN ANAAE ANNAN ANEAE AN
400 Plot a cumulative frequency curve. >
(] -
Plot a cumulative % I AmadAmmaE EmaaN maHR A AAmma R How can we use this curve to %
frequency curve. 2 300 1 estimate the mean finishing time for s
5 the runners? >
Where do you think it should e e : © —
meet the x-axis? ® 200 Is a curve or a polygon more accurate? g H
k] E 100
g O
3
e}
100
0 ‘
70 80 90 100
0 Time, minutes

40 60 80 100 120
Height, cm
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Purposeful Practice

1. In an experiment, 50 children and 50 adults were given 10 seconds to run
as far as possible. The results for the children are shown below.

The slowest adult went 42 m, the fastest went 88 m. The adults’ median
was the same as the children. The lower quartile was 54 m and the upper
quartile was 74 m.

a) Complete a box plot to show the adults’ results.
b) Which group had the furthest and shortest distances?

Box Plots
The table below shows data for the salaries of
100 men and 100 women.

a) Complete box plots to show this data.
b) Comment on the difference between men’s and women’s salaries.

¢) Which group had the smallest range? Lowest Lower Upper Highest
R Median R
Salary Quartile Quartile Salary
Adults
Men £6000 £14,500 £21,000 £23,000 £43,000
Women £5500 £13,000 £19,000 £22,500 £32,000
|
Children
|
I T
40 50 60 70 80
Distance (m)

2. Two classes took the same physics assessment.

Class A scored a median of 90, a lower-quartile of 80 and an interquartile
range of 22. The highest score was 108 and the range was 42.

a) Complete a box plot for Class A. Which class was more consistent?

Class A

i I Class B

[
5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000

Salary (£)

4. The table below shows the monthly income for 100 individuals.

a) Draw a cumulative frequency graph for this data.

b) Use your graph to estimate the median, as well as Q; and Q.
¢) The lowest income was £1250, the highest income was 1750.
d) Complete a box plot to show this data.

70 80 90 100 110
Score

Income 1201- 1301- 1401- 1501- 1601- 1701-
1300 1400 1500 1600 1700 1800
Frequency 8 22 32 19 14 5
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Fluency Practice

1. The length in mm of 80
leaves is recorded in a
grouped frequency table.

(a) Complete a cumulative

frequency table.

(b) Plot a cumulative frequency graph.

-80

=~
(=]

(c) Find the median
length.

Length L Frequency Length L Cumulative
(mm) (mm) Frequency e
- d) Find the interquartile
20<L <30 4 (
20<L=30 =~ range of lengths.
30<L <40 7 20 < L <40
-40
40 <L <50 15 20< L <50
50 <L =60 23 20<L <60 F (e) Find an estimate for
the number of leaves
60<L <70 22 20
20<L=70 greater than 75 mm in
70<L <80 9 20 < L <80 40 length.
0 1077207304050 60 70 80
2. The areas in m? of 200 gardens are recorded in a grouped (a) Plot a histogram. (b) Use your histogram
frequency table. to estimate the number
1 of gardens that are
2
Area (m?) Frequency a3 larger than 220 m?2.
0<A<50 10
50 < A4 < 100 25 o6
ol (c) Use your histogram
100 <A < 200 80 04 to estimate the median
200 < A < 300 65 a5 garden size.
300 <A <500 20
0 100200 300 400 500
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Purposeful Practice

B

Frequency Polygons to Cumulative Frequency Graphs

8 different classes took a science test. Can you complete a cumulative frequency graph for each set of results?

>
o
c
[0}
>
(o
[J]
e
1
0% Score 100%
)
C
: 1
3
[on
[J]
e
0% Score 100%
>
(&}
c
[0} j
3
(o
[J]
fre
0% Score 100%

Frequency

T
0% Score 100%

Cumulative Cumulative Cumulative

Cumulative

Frequency

|
0%

Frequency

Score

100%

0%

Frequency

Score

3
100%

0%

Frequency

Score

100%

|
0%

Score

H
100%

Frequency

I
0% Score 100%

Frequency

0% Score 100%

Frequency

0% Score 100%

Frequency

T
0% Score 100%

Cumulative

Cumulative

Cumulative

Cumulative

Frequency

1
0% Score 100%

Frequency

0% Score 100%

Frequency

0% Score 100%

Frequency

T
0% Score 100%
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Purposeful Practice

@

Key 13 means13

667899

23334

112556

1334777789

445668899

VNl |WIN|FL|O

1222

What is the modal value?

Estimate the median from the graph. Is it accurate?

@ To decide who to advertise to, a theatre samples the
audiences for both performances on a Saturday.

Plot both sets of data as cumulative frequency curves.

Key 6|2|3 means

afternoon

322
76555

@ Match each stem & leaf diagram with a cumulative frequency graph.
A cinema asked for the ages of people in a screening audience. 0l 225 2/ 667899
Convert the stem & leaf diagram to a cumulative frequency graph. 301223459 1 1557 3023334
What groups will you use? 4 115577 21223449 4112556
o 512555 312446668799 511334777
S 40 6349 411234558 64458899
S 30 76 523378 711222899
T 50 61779 812228
>
® 10 g
o ° .
3 0 10 20 30 40 50 60 70 g =
[N
Age F E S
sy >
©
© Age Age Age
70 EaEs T ] ©5 Use this frequency table to estimate a mean age
g 60+4- i i RRaR AR for the evening audience.
>
g 50 Age
26 for afternoon S 40 10<a<30
23 for evening =
< 30 30<a<s0
evening § 20 50<axg70
1777899 10 , 70<a <90
223558889 0 ‘
0 20 40 60 80

8875411
8765221
987433332
888554422111
9998777666
4332221

00 N O U A WN R

77888889999
124455788
1123677
222378
1112234
2366

Age

Use the graph to estimate the

difference in median age between the audiences.

Are the groups representative of
the raw data they contain?

Would you analyse the data differently if
one audience member was actually 20?

Can you think of a quick method to
find the mean from the raw data?
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Purposeful Practice

Frequency Diagrams with...

30 students have their heights measured to the nearest foot.
Draw a cumulative frequency diagram for these data.

Bounds

The heights of 30 sunflowers are truncated to a whole number
of metres. Draw a histogram for these data.

4 <h< 12 0 <h< 3
5 14 1 17
6 4 2 10

100 random numbers between 0 and 10 are rounded to the
nearest prime. Draw a histogram for these data.

The side lengths of 30 cubes are measured to the nearest cm.
Draw a frequency polygon for the volumes of these cubes.

Numbe_r I_\lumb_er Frequency Side Length YOIume Frequency
(to nearest prime) (inequality) (to nearest cm) (inequality)
2 <n< 15 1 <V < 11
24
3 2 9
5 24
7 30 3 10
11 7
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