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  

1. Sharma believes that each computer game he sells appeals equally to all age ranges. 
To investigate this, he takes a random sample of 100 people who play these games and 
asks them which of the games A, B or C they prefer. 
The results are summarised in the table below.

Computer game A B C

Age range

< 20 8 15 6

20 – 30 21 12 9

> 30 6 10 13

 (a) Write down hypotheses for a suitable test to assess Sharma’s belief.
(1)

 (b) For the test, calculate the expected frequency for

  (i) those players aged under 20 who prefer game C

  (ii) those players aged between 20 and 30 who prefer game A
(2)

 (c) State the degrees of freedom of the test statistic for this test.
(1)

 Sharma correctly calculates the test statistic for this test to be 11.542 (to 3 decimal places).

 (d) Using a 5% significance level, and stating your critical value, comment on 
Sharma’s belief.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

CalHoThereis noassociationbetweenagerangeandpreferredgame
H Thereis an associationbetweenagerangeandpreferredgame

B
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Question 1 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b Forcontingencytableswecalculatetheexpectedfrequencylikethis

a.FI ait ow'iogiitiataimate
Totalate daifg.iq i hereitwouldbe Ei all
collar

i
game A B C

20 8 15 6 29 E rowy mn

20 30 21 12 9 42
29 28

8.12
30 0 10 13 29

35 37 280 100

ii game A B C

E roughlymn20 8 15 6 29

71 12 9
4235

20 30 42 14.7

30 0 10 13 29
MIA350 37 27 100

awecanfigureoutthatthereisnopoolingbylookingat the expectedfrequencyofthecellwiththe
lowestobservedfrequency Inthiscasethatis game 20with an oiof6
WecalculatedthisEi in bli Ei 8.12 5 nopooling
sincethesmallest oihasnopoolingwecanassumetheothercellswon'tneedeither
Forcontingencytablestheformulafor DOF is

DOF ofrows 1 ofcolumns 1
Inthis casewehave 3rows 3columns

3 1 1311
2 2

4 DOF B1
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  

Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Idlwearegiventheteststatistic x 11.542 Rememberyourhypothesesfrom a
GettheCV fromtablesinthe formulabooklet HoThereis noassociationbetweenage

rangeandpreferredgamesignificance

H Thereis an associationbetweenage
in1st rangeandpreferredgame
wecomparetheteststatistictotheCV

11.542 9488

i teststatisticfallsinthecriticalregion
sincethetestissignificantwerejectHo
Hisbeliefisnot supportedThereisevidenceofanassociationbetweenagerangeandcomputergame
preference B1
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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(Total for Question 1 is 6 marks)
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  

2. A manager keeps a record of accidents in a canteen.

 Accidents occur randomly with an average of 2.7 per month. The manager decides to 
model the number of accidents with a Poisson distribution.

 (a) Give a reason why a Poisson distribution could be a suitable model in this situation.
(1)

 (b) Assuming that a Poisson model is suitable, find the probability of

  (i) at least 3 accidents in the next month,
(1)

  (ii) no more than 10 accidents in a 3-month period,
(2)

  (iii) at least 2 months with no accidents in an 8-month period.
(4)

 One day, two members of staff bump into each other in the canteen and each report the 
accident to the manager. The canteen manager is unsure whether to record this as one or 
two accidents.

 Given that the manager still wants to model the number of accidents per month with a 
Poisson distribution,

 (c) state

• a property of the Poisson distribution that the manager should consider when 
deciding how to record this situation

• whether the manager should record this as one or two accidents
(1)

 The manager introduces some new procedures to try and reduce the average number of 
accidents per month.

 During the following 12 months the total number of accidents is 22 
The manager claims that the accident rate has been reduced.

 (d) Use a 5% level of significance to carry out a suitable test to assess the 
manager’s claim. 
You should state your hypotheses clearly and the p-value used in your test.

(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

1 month

3months

8months

191Sinie Rememberconditionsforpoisson
accidentsoccurindependently

accidentsoctur at a constantrate
B1
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Ibl i A ofacridentsin 1monthdefinevariable
A Po2 givenratefor 1month
P A231 1 P A 2131 aswewantPCA31tobeincluded

1 0.49362

0.50637 0.506to3sf
ii B ofaccidents in 3monthsdefin variable
B Po3 2 ofaccidentsin 1monthtogeta for3months
BnPo8.1 wemultiplyby3assumingtheratestaysthesame
P B 10 0.805837

0.806to3st MAY
iii at least 2monthswithnoaccidentsinan8monthperiod
wewilluse tnpoissonandBinomialhere binomial

Theinformationwewillusewithpoissonis noaccidents
from bi
A ofacridentsin 1month weareconsideringjust1ofthe8monthshere

hi tt iefor1monen

eat on
formula

whatwegotistheprobabilityofa
monthhavingnoaccidentswhichwillbeourp
inthebinomialdistribution

Forbinomial weknow n 8 8months andthat p é
t

X ofmonthswithng accidents
B 8 e t MAI

P X 2 1 P X 1 MI
1 0.903542
0.096457 0.0965to3sf A1

Ic ForPoisson eventsmustbeindependent heshouldrecordit as1accident B
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  

Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

IdlHypotheses
Ho d 2.7
Hi p 2.7
weareconsidering 12months IE yihnEfer

months

i Newhypotheses
Ho µ32.4
Hi µ 32.4 B 12months

Y ofaccidentsperYelardefine
afiable

Fix o.ozsiico.us
since theprobabilitywefoundwassmallerthan0.0522fallsinthe

flag hue At criticalregion
thereissufficientevidencetorejectHoandthemanager'sclaimis
supported ofaccidentspermonthdecreased
Al
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 13 marks)
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  

3. The discrete random variable X has probability distribution,

x –1 0 1 3 7

P(X = x) p r p 0.3 r

 where p and r are probabilities.

 Given that E(X) = 1.95

 find the exact value of E X !" #1  giving your answer in the form a b+ 2  where a and 
b are rational.

(6)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Formulafor
Excpex x

x t.ixpltloxrltllxplt310is 71rl 1.9ggivenEX71.95
p o p 0.91

95

0.15 MIA
Σprobabilities 1

2pt2rto312pt0.6 1 sub 5 0.15

Ip 0.4
p 0.2 MIA

et Y Fl definea newvariable
Redrawthetableincluding4Theprobabilitiesdon'tchange

x 1 0 1 3 7

1 0 1 E ra 2 mar T.fuiii.it
PX x1 0.2 0.15 0.2 0.3 0.15 eath intoFti

let'sget ELY 5141

1 1 10.151
5210.21 210.31 2510.15 M1

as y Ft E41 ECF
f 0 5 0.552 At
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 6 marks)
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  

4. Robin shoots 8 arrows at a target each day for 100 days.

 The number of times he hits the target each day is summarised in the table below.

Number of hits 0 1 2 3 4 5 6 7 8

Frequency 1 10 30 34 17 4 2 0 2

 Misha believes that these data can be modelled by a binomial distribution.

 (a) State, in context, two assumptions that are implied by the use of this model.
(2)

 (b) Find an estimate for the proportion of arrows Robin shoots that hit the target.
(2)

 Misha calculates expected frequencies, to 2 decimal places, as follows.

Number of hits 0 1 2 3 4 5 6 7 8

Expected frequency 2.81 12.67 r 28.05 19.73 s 2.50 0.40 0.03

 (c) Find the value of r and the value of s
(3)

 Misha correctly used a suitable test to assess her belief.

 (d) (i) Explain why she used a test with 3 degrees of freedom.
(2)

  (ii) Complete the test using a 5% level of significance. 
You should clearly state your hypotheses, test statistic, critical value 
and conclusion.

(6)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

calTheprobabilityofanarrowhittingthetargetisconstant Rememberconditionsfor
Thearrowsareshotindependently BIBI Binomial

Ibtweneedtousethedatagiventoestimate probability
usetheFormula

If ofhitsxfrequency
totaltries

Substitute

p 0 1 1 10 230 329
1 54ox2ttxo 8 2 my

2.88

p 0.86 An
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Ill tocalculatetheexpectedfrequencies wewillusebinomialdistribution
X B8 0.36

Ei PCX xI Σfrequencies
In thiscase

for E21 PX 2 0.24936 total100days MBI
tooxp x 2 02493610024.94 r toZap

for El51 PX 510.08876 total100days
100 PX51 888 s to2dp A

Idl iWeneedtopoolso that all E 5 weget5columns poolcol5 8and011 B1
wehave 2constraintsasweestimated p 0.36inpart b

alien EEE.int
ii Hypotheses
HoBinomialis asuitablemodelforthedata
HiBinomialisnot asuitablemodelforthedata B1
Redrawthetable
Hits Oort 2 3 5 08 forpoolingyoujustaddthecolumns

11 30 34 It 8
a

youarepooling
15.4824.9928.0519.73 11.80

7.82 36.0941.2119.65 5.42 me

FormulaforX
x2IOE N

substitute
2 1.82 36.09 41.2114.655.42 I
5.19to3sf teststatistic Al

Getc v fromtables

30
sign

B

compare cv andteststatistic
ua t.gg

Insufficientevidence torejectHo
Misha'sBeliefissupported binomialissuitableforthedata Al



*P75673A01416*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

14

  

Question 4 continued
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Question 4 continued
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Question 4 continued
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(Total for Question 4 is 15 marks)

TOTAL FOR FURTHER STATISTICS 1 IS 40 MARKS


