R Measures of location and spread
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n Eleven commuters recorded the time, in minutes, of their journey to work one morning.
12 15 9 22 15 18 31 14 15 20 11
a. Write down the mode.
b. Find the median.
c. Find the interquartile range.

d. Calculate the mean journey time. (4 marks)

Put the data tn order ccirs(:
9, \,12, 14,\5,15,15, 1%, 20, 22, 3\

m) Most common va.lue

Mode = IS minvtes
b)a=1
n = S§.5

2
not o whole number, so round vp: ¢th value

Median = IS minvkes

o) Lower fLUo.rt'\LO.

N = 275
|+

round vp: drd value
G\ = 2
Uppe.r 1'00.("&:.(.2.

3n = gas
“

round. up: I€h value

&3 = 20
ITOR = 20-12
TOR =8 menvtes
d) Add up all | times

2x = \%2
Meon = 182
\\

Meon = 16.545...

Mean = 16.5 menvtes (3 SJ')
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n The times, t minutes, taken by 40 runners to complete a 5 km park run are summarised by
St=1260 3t2 = 41200
a. Calculate the mean time.
b. Calculate the standard deviation of the times.

c. One more runner completes the course in exactly the mean time. State, giving a reason, the
effect on the standard deviation of including this runner.

a) M!.o.n = ZJC

n

Me.o.l\ = 240
4O

(4 marks)

Mean = 3.5 menutes

b) Varionece = = (mean)?

)

4\ 200
4O

0* = \03%0 - 192.25
o2 37.7S
c=d 37178

o‘?.

- 3\,§?

O = 6C.l4%...

O = é.\4 minvkes (3 5’0‘:‘)

c.) Theak abovt the deviation of the new time
New £ime = mean = O
so the sum °f sloa.re,& deviations sto.Js the same

but we now divide bD 4l cnstead °f 1Ye)

Stondard deviation decreases
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n The table shows the number of goals, x, scored by a hockey team in each of 30 matches.

Goals, x 0| 1 23| 41|65

Frequency [ 4 [ 8 | 9 [ 5| 3 | 1

a. Write down the mode.

b. Find the median.

c. Calculate the mean number of goals.

d. Calculate the standard deviation of the number of goals. (5 marks)
m) H‘\Shzst ocre.iue.m.y s 9

Mode = 2

b) =30

whole number, so use £he ISth and 16Eh values
Cumutative prequency: 4,12, 2y, ...
\Sth and I6Eh values are both 2

Median =2

) Mu(.t:.p(.:) eoch x by cts prequency
2px = O+BHIB+IS+\2+5
Zoc.z = S%

Mean = S_%
30
Mean = 1.933...

Mean =193 (3 si)
4) Need Zl,x."

Zl,:x.‘ = O+8+236+4S+48 +25

2 Fx° = 162
Vafiance = E‘i - (mean)?
a

2 = 162 o
(0} _( )z

30 30
O = S.4-23.7377..
O* = \6622...
o = { \¢é22..
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o=129(» sl.)
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n The masses, m grams, of 80 apples are summarised in the table.

Mass, m (grams) | Frequency
100 £ m < 120 6

120 < m < 130 14

130 < m < 140 25

140 < m < 150 21

150 < m < 170 14

a. Use linear interpolation to estimate the median mass.
b. Estimate the mean and the standard deviation of the masses.

c. Explain why your answers to part (b) are estimates. (7 marks)

o.) Median is the D= 4oth value
2

Cumulative preguency: é, 20, 4S, ¢, 20
HOth value is in the 130 € m €< 140 class

20 apples be.l,ore. the class, 25 ta tt, width 10

MQ-AJ.OJ\ = 130 + 40 - 20
25

X \O

Median = 130 + 2

Medion =138 d

b) Use the class mudpocnts

x =10, ILS, 135, 14§, IO
2 F* = 66O 41750 + 3375 + 3045 + 2240
Z,P" = hOT0

80

Meon = 138.37S

Meon =139 9 (» sac,)

2 f=* = 72600 + 218 750 + 455 (25 + 4l 525 + 358 40O

Zoc.z" = I1s4¢ Yoo

o = \ 546 o0
%0

0% = 1933¢.25 - 19 1I47.64...
Oo* = \28.601...

- 138.375*?
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o = { 1%9.¢0n...

O =1\3.7 3 (3 soc,)
c) Wh:) estimates’

We O(\LJ know the class each apple ts wa,
not s actual mass.

Each apple s Laken to be ot cbs class midpount.
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a A machine fills bottles with olive oil. The volume, x ml, in each of 20 bottles is measured and the data
are coded using

_ x-500
2
The coded data are summarised by Sy = 36 and 5y° = 410
a. Find the mean of x.

b. Find the standard deviation of x.

c. Find the value of 3x%. (6 marks)

(lo.o.rro.n3e. the code
x = 2.3 + S00
m) Mean of £he coded dato

Me.o.n °J':) = z_:)

Muu\ ooc, :) = L.
Mean o Fx = 2(1.%) + soo

Meon ooc x =S0%.6 ml

b) Variance of the coded data

Vo.f(:j) = ﬁ - 1.2

20
VoJ(J) = 20.5 - 3.24

Var( Jj) = 17.2¢

sdog Y = HISHS..
Aidu\s SOO does not change the spread; x 2 dovbles ot

sd of X = 2 X Y4,\54S...

sd of = = %.20A1...

sd of = = .31 mL (3 soc)

&) Use Var(x) = =2 - (mean)?
Vo.r(.z) = 22 x17.26
\/o.r(z.) = ¢(l.o+
2x" = ¢9.04 + SO3.L?
20
2x' = 69.04 + 253 ¢12.9¢
20
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2 x*
20
2x* = 20 x 253 ¢%2

253 622

2x*=5 073 ¢40
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n A helpline records the time, t minutes, that each of 200 callers waits before their call is answered.

Waiting time, t (minutes) | Frequency
0<t<2 18
2<t<4 46
4<t<6 62
6<t<10 48
10<t<15 20
15<t<25 6

a. Use linear interpolation to estimate the median waiting time.
b. Use linear interpolation to estimate the 10th to 90th interpercentile range.

c. Estimate the number of callers who waited more than 8 minutes.

Cumulative Frequencees

18, 64, 12¢, \ 74, \14, 200

a) Median: 200 _ \ooth value,inu ¢ t < ¢
2
MQ&&&(\ - v 4 \0O - {4 X 2

é2
Median = 5.\¢l...

Medion = S.1¢ menvtes (3 soc)

b) 10th percentile: 19 % 200 = 20th value,tn2 ¢ t < 4

100
=+
\0 = 2.08¢A...
90th percentile: \:l)—oo X 200 = I80th value, tn \O &£ £t £15
= R0 = 1T
20
P10 = s

P90 - P10 = 1.5 - 2.0%41...
?90 - P10 9.4\3...

Ro.nae. = 941 menvtes (3 soc)

o) More thon & minvtes

b £olO s 2 °f the 4 minvtes ca the ¢ £ £ €10 class
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2 xyy = 24
Y

24 4+20+¢ = SO

PAbovt SO callers

Two Year 12 classes sit the same test.

Class | Number of students | Mean mark | Standard deviation

A 12 64 5

B 18 59 7

Find the mean and the standard deviation of the marks of all 30 students.

Rebuild 2 x and 2 x? J:or eoch class

2
o= 2=t _ (mean)?, so Zx? = a(0? + mean?)
L)
Class A

Z.&
2x*
2x?

Closs &
2x = 19 xsT=1062

Zx* = \8(71* +59?)

Z.‘z

Combine

12 X 64 = T6%
12(52 + ¢u2)

12 X 421 = 49 452

\% X 3530 = (3 SHO

2x = T68 +1062 = \%30
> x? 49452 + ¢3 540 = 12 9192

Mean = 1830
30

Mean = ¢\

o = W2 192
30

O* = 3766.%+ - 3721

- 61

O = 4s.4
c={ uswu

=¢.74 (> "f)

(6 marks)
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n Marek measured the lengths, in cm, of 15 fish caught in a lake. He found the mean length was 52 cm
and the standard deviation was 8 cm.

He then noticed that one length had been written down as 48 cm when it should have been 84 cm.

Find the correct mean and the correct standard deviation of the lengths. (5 marks)

Work out the origenal sums

2x = \SxS2=T1%0

Sx* = \S(82 4+ 52%)

Sx® = IS X 27¢% =4\ S20
Take ovt 48 and put ca T4

2x = T%0 - 4 + ¥4 = 8¢

2x* = 41520 - 4B* + 4

2x* = 41520 - 2304 + 70S¢ = 46 272

Ne.w meon

Mean = 316
19

Mean = SH.4 em

New standard deviation
or = 4W1T2
IS

0* = 30%4.% - 2959.34

-S4.4?

0 = \25.44

o = {12544

O=WIl.2cm
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n The prices, in thousands of pounds, of the nine houses sold in a village last year were
185 210 196 224 202 1150 215 190 207

a. Calculate the mean price.

b. Find the median price.

c. An outlier is a value greater than Q3 + 1.5 x (Q3 — Qq) or less than Q; = 1.5 x (Q3 - Q). Show
that 1150 is an outlier.

d. State, giving a reason, whether the mean or the median gives a better average price for a house

in this village. (6 marks)

n.) Add the prices
2x = 2779

Meon = 2779
q

Mean = 208.77...

Mean = £301 thousand (3 SJ')
b) Puk a order

185,190, 19¢, 202, 207, 2\0, 215, 224, ISO

n =9, so the median s the Sth value

Medion = E?.O'I thousand
c.) &umrt;(&s

n = 225
Y

round vp: 3rd Value
S = Q¢

3n = g.75
I+

round. vp: Tth value
Ay = 215

IOR = 25 -1%¢ =11
Upper Limet For ovtliers
Q3 +\..5 x TAR

&3 +1.5 x TR
NSO > 2435

215 +\.5 %19
243.5

So IS0 is an ovtlier
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d.) Compo.re. with the data
E;SH: of the aine prices are below the mean
The mean is J.ro.s ed vp by the ouvtlier

Medion is bekter
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m A group of people were asked how many times, x, they went to the cinema last month. The results
are shown in the table, where fis a positive integer.

X 0 1 2 |3

4

Frequency | 7 | 12 | f | 6

3

The mean number of visits is 1.6
a. Show that f=7

b. Calculate the standard deviation of x.

c. Find the median of x.

u) Write the mean wh terms °f +
ZI’ = 7+l7-+0c+6+3=1‘6+l.
Zl,:x. = O+w+2otIv iz =42 42¢

47.'\’?.& = 1.6

2%41.

“2+2;p = \.6(28+0c)

42 +2p = 44 4IGp
O.Hcc = 2.9

£=1

b)Nown=3So.leocz.=56

ZJ;:L‘ = O+412 +28 +S4 44y

2 o"‘1 = 142
or = M2
3s

2
"

0% = \u497...
o = I Lui..

o=122 (3 s&:)

¢) A =35, so the median s the \8Eh value

Cumulative oc,rc.iue.m.vi 1,1\9, ..

1Rth value ts thn x =

Median =1
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m Anya records the daily maximum temperature, x °C, at a weather station in Scotland for the 31 days
of July. She codes the data using

y=2x-30
and finds Zy = 155 and 5y° = 1520
a. Find the mean daily maximum temperature.
b. Find the standard deviation of the daily maximum temperatures.

For the same 31 days at a weather station in southern England the mean daily maximum
temperature was 21.3 °C and the standard deviation was 4.1 °C.

c. Compare the daily maximum temperatures at the two weather stations in July.

(lo.o.rro.nbe. the code

x = y+30

Z
o.)MQ.o.noocJ
Mzo.noa;j = ISS =S
3l
Me.o.l\of,.z = S+5%0
2

[~
Mean =115 C

b) Vo rfiance °of d

3l

Vor( J) = 41.032.. - 25
VM‘(J) = 24.032..

sdopy = 4.9022...
Add.u\a 30 does not cha.nge the spread; = 2 halves it

shogx = 4.9022...
2

sd of = = 2.45\...

sd of x = 2.49 °C (3 sl.)

c.) C/ompare. o Location and o spread, in context

Mean: 21.3 > 17.5
%0 on o.\/e.ro.ae. ¢ was warmer wa sovthern Eﬁs(.o.nd.
Standard deviation: 4.1 > 245

so the temperatures ta sovthera EASLomd. Varied more
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m Eighteen students took a quiz. Their scores had a mean of 12 and a standard deviation of 2

Two more students, Ola and Kwame, then took the quiz. Ola scored a and Kwame scored b, where a
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< b.

For all 20 students the mean score was 13 and the standard deviation was V13

Find the value of a and the value of b.

Use Zx = a X mean and 2 x* = (0% + mean?)

First \ students
2x = \8x\2 =2\
> x* = \8(2% +122) = 2464
ALL 20 students
Sx = 20%13 =240
2x* = 20(\3 +13%) = 3440

The two new scores make vp the diococe.re.nce.
otb = 200 - 21¢ = 44

or+ b = 3¢4o - 2664 = 176
Substitute b = 44 - o

a4+ (4u -a)? = 976
o2 +1923¢ - 28a t 0 = 97¢
20.2 - 820 + 960

o? = Yo + 490

(o. - 2.0)(0. - 2'-\-)

i
o

oa=200r o =24

o £ b, s0ais the smaller root

o =20,b=24

(8 marks)

Page 17 of

17



