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Answer ALL questions. Write your answers in the spaces provided.

1. In a survey, 200 people aged 25 and older were randomly selected and asked how much

time they spend on social media each day. The table below shows a summary of the results.

Less than 1 hour | 1 hour or more

25 to 54 60 74

Age
55 and older 32 34

Noah carries out a test, at the 5% level of significance, to see if there is an association
between age and time spent on social media. He uses the hypotheses

H,: There is no association between age and time spent on social media.
H,: There 1s an association between age and time spent on social media.

— E)2

He calculates z © = = 0.245 for this information.

(a) State the conclusion of the test. Justify your answer.

(b) Explain why having a large number of age groups may cause a problem when
carrying out the hypothesis test.

(1)
Jade decides to take the same information and subdivide the age groups.
She then uses the information in the partially complete table below to carry out a test,
at the 5% level of significance, of the same hypotheses.
2
Observed ©-Ey
E
Less than | 1 hour Less than | 1 hour
1 hour or more 1 hour or more
25 to 34 18 28 25 to 34 0.47 0.40
35 to 44 20 25 35 to 44 0.02 0.02
Age |45to 54 22 21 45 to 54 0.25 0.21
55 to 64 25 15 55 to 64 2.37 2.02
65 and older 7 19 65 and older

(c) Complete Jade’s hypothesis test. State clearly the degrees of freedom and the critical
value used in the test.

4)

(d) State, giving a reason, which of the conclusions in part (a) and part (c) you believe to
be the more reliable.

1)
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Question 1 continued

(@7 For contingency tobles the formula for Dof is:
DoF = (#of rows - 4)( #of columns-1)

~ DoF:=(2-1X2-1) =1 DoF
~Get crifical volve from tables:
o xitsn)=3.841 M9

~ Ciuen dest statistic=> x*=0.245

. 0.245<3841 .- imsuflicient evidence to Yeject Ho. Not enough evidence to suggest an association between
~age and time spent on sociol media. A1

(b Some of the expected freguencies may be smaller than 5 B9

>
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Question 1 continued

(c) We heed to calculate the expected {requencien {or "older than 65

For we celculoxe the like this:
Total _ to get the of this, we cakulate
el b |lasb . Tow totalx column total
* grand total
c d | ced
Total [oec | bedfasbeced - hereit would be  E;= ‘T,?,‘::"
Aorat
tow total
65 and older t 19 26

column total q2 108 200

< 1h and older than 65 >1h and older than 65

Ei= %538 €= 181 - 49 04
-6,
3
(F-1.96), " 05¢a9...
11.96

L
(19-14.09_ 4 3573

14.0¢
Use Lo get our test statistic
222097 +0.40+0.0240.0240.25+0.21+2.33+2.02+2.06+1.35
29,97 test statist
For the formula for is:

DoF= (5-1)(2-1)=5 DoF

Get vahue from

Y5(57.):9.488

9.51>9.4088 -.reject Ho.Theve is On Gssociation between age and fime spent on social medio.

(d) Part. (c) uses more information, Soits probably more relioble.
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Question 1 continued

(Total for Question 1 is 8 marks)
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(a)

The discrete random variable X has probability distribution given by

X 2 3 6 11
PX=v) | - a 1 b
x 50 25

The discrete random variable ¥ = X?
Given that E(Y) = 50.3

(a) find the value of @ and the value of b
(b) Find PO — Y > 0)

Independent observations X, X, X, ..., X, of X are taken.

The random variable T represents the total number of these 120 observations that are even.

(c) Find

(@) E(T)
(1) Var(T)

(d) Find, using a suitable approximation, P(7" > 10)

x 2 3 6 11
Y=x* 4 q 36 124
1 1
PX=x)| 5 a 75 b
re for HMeon
E(X)=TxP(x=%) mean , u

EM:= 4xé-°+ qxa+ 3¢ x.z.';_ +121b=50.3
Qa+121b=48.38 Eq!
We know that Zprababilities=1
1= é-o +0+ l'-S' <b
a+b=09¢ Eq2
Solve_simuaxameously Eq1 ond Eq2:

Q0+ 121b=48.18

atb:0.94 (xa] 9a+9b:8.46

12b=40.32 — b=0.36, a=0.58 I\
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Question 2 continued

(b) P(A-Y>0) = P(Y¥<9):

Y=x? & q 36 121
1 1
P(x=%) 50 0.58 75 0.36
only Y=4 is <9
S PYe)= L
50
(3] X 2 3 6 11
1 1
P(X=%) 50 0.58 75 0.36
the only evenresults ave %=2 and x=6.
LEMzn0x(ge %)
= 31.2 (D
it. The distribution is basically Binomiol: T~B(120, 0.06)
2 Use for Var. of Binomial:

Var (1= 120%0.06x (1-0.06)
= 6-13

(dy Use T~B(420, 0.06)
E(M:3.2=3 . T~Po(3.2)
P(T210)=1-P(TS$10)

=1-0.9866%
0.3

(Total for Question 2 is 10 marks)
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3. Ahotel has 30 rooms. The manager models the number of empty rooms each Friday
night using a binomial distribution, B(30, 0.08)

The manager recorded the number of empty rooms in the hotel each Friday night over a
period of 80 weeks.

Number of empty rooms| 0 1 2 3 4 5 | 6 or more

Frequency 14 18 22 11 10 5 0

The table below shows the expected frequencies using the manager’s model.

Number of empty rooms| 0 | 2 | 3 4 |5 or more

Expected frequency 6.56 | 17.11| r |17.50|10.27 s

(a) Find the value of 7 and the value of s
(b) Stating your hypotheses clearly, test the manager’s model at the 5% level of significance.

(c) Suggest an improved model for the number of empty rooms in the hotel each
Friday night.

() X-> ¥ of emgty rooms on & (riday mght
Use ¥~8(30,0.08)
r:80xP(x=2)=24.93 M)
$=80-(6.56+ N +21.63 +13.5+¢10.24) =699 A\

(0 Hypotheses
Ho: 8(30,0.08)1S O Suttobole model

Hy: 8(30,0.08)1s not O Suitable model £
Use °‘; to get our test stakistic
L LN L T AE (LT L LY Y B
L 5% A28 9. 1. u- 6.99
=5 AN
Dof:6-1=5 &\
(et cyitical value {rom
g (57) =1.030 LS .. reject Wo. 8(30,0.08) is wot a suitable model for emply hotel rooms. 11144
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Question 3 continued
P,
o 0x14+ 1%X19 ¢ 2 x2243x11+4 %40 +5X5 M
T . 80x30
" 30
. Neus Mode: 830, 55) A1
(Total for Question 3 is 10 marks)
. J
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4. An office has a photocopier and a printer. The photocopier and the printer break
down independently.

The number of breakdowns per month for the photocopier follows a Poisson distribution
with mean 2.4

The number of breakdowns per month for the printer follows a Poisson distribution with
mean 1.6

(a) Determine which machine is more likely to break down exactly twice in one month.
(b) Work out the probability that both machines break down at most once in one month.

In a randomly selected month there were 4 breakdowns.

(c) Find the probability that in this month the photocopier broke down more than
the printer.

A repair company carried out repairs on the photocopier and the printer. Following the
repairs, there were a total of 3 breakdowns in two months.

(d) Test, at the 5% level of significance, whether or not there is evidence that the rate of
breakdowns has decreased following the repairs.

(a) X = ttof break downs ¢ Photocopier
Y - ttof break downs ¢f Printer
X v Po(2.4)
Y~ Roll.p)

P(x=2) = 0.261 —> ..the Photocopier is ‘more likely to break down exactlytwice A1

P(Y=2)=0.258 ™
Und"
(b) PCXs1)x PCY $1) M)
=0.3084x0.5249
=062

©) that total breakdowns=4:

Photocopier 4 and Piinter 0 or Phofocopier 3 and Pinter 1
POx=4)sP(Y=0) + POIMPLY=1) _  0.125K0.201 +0.20420.323 141144444
P(x+¥=4) _ 293 0.195

6125
z043sto 3sf A
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Question 4 continued

(d) Hypotheses
~ Ho: A=t —x2-1u:=8

Hp Ac4 (VO3 I

l\mnmh L2 monihs

X4Y =T

T~Po(8) M4
~ P(T£3)=0.0424 <0.05 - Reject Ho.Sullicient evidenceto suggest that the breakdown rate

has decreased agter the repaivs. 14141
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Question 4 continued

(Total for Question 4 is 12 marks)

TOTAL FOR FURTHER STATISTICS 1 IS 40 MARKS
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