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1. Stuart is investigating a treatment for a disease that affects fruit trees. He has 400 fruit

trees and applies the treatment to a random sample of these trees. The remainder of the
trees have no treatment. He records the number of years, y, that each fruit tree remains
free from this disease.

The results are summarised in the table below.

Treatment

Applied Not applied

y<l1 15 25

Number of years free
from this disease 1<y<2 35 61
2y 124 140

The data are to be used to determine whether or not there is an association between the
application of the treatment and the number of years that a fruit tree remains free from
this disease.

(a) Calculate the expected frequencies for
(1) Appliedand y < 1
(i1)) Notappliedand 1 <y <2

(2)
(0-E) . .
The value of ZT for the other four classes is 2.642 to 3 decimal places.
(b) Test, at the 5% level of significance, whether or not there is an association between
the application of the treatment and the number of years a fruit tree remains free
from this disease.
You should state your hypotheses, test statistic, critical value and conclusion clearly.
(3)
P 71 9 6 7 A 0 2 1 6

OC

vady SIHLNEIL-IM LON-Od

VIYY SIHLENEILRIM TON-Od

VISV SIHENEILIIMION Od



Question 1 continued

(a) Applied | Notopplied | total
3 y < 15 25 40
£
s tsy<2 35 61 %
§, 1<y 124 140 264
totol 134 226 400._ | arand
For we celculoxe the like this:
Total _ o get the of this, we cakulate
ol b6 |lase ~row totalx column total
+e grand totat
c d | ced
Total |a+c | bed|atbeced - hereit would be ;= ltt:l(:;t)
Aarar

i) €= 404";;4= 13.4 to 3s¢

i) Ej= 36226 . 549 ¢03
[} i 400 0 3sf

(b) Hypotheses

Ho: Tereis wo aissociokion between oppiication of treatment and Hof years the fruit {ree Yemoins disease - (vee

H,: Tereis an associokion between ogplication of treatment and Hof years the fruit {ree remains disease - {ree

1
we need Z“’:’ for y<1 Apptied and | $yc2 Not oppued:
5 (0€1?_U5-04) (61-5430)"  ; ga2
€ N4 4

Wwe calculared € vl ()"

=3.81S — 3.2 to 3sf

For the formula for is:

DoF = (2-1)(3-1)=2 DoF
1} 0.05)= 5.91 from

9.991> 3.82 . owr test ftatistic is Smoller than owr critical value . N0 Significant evidence of association
between application of treatment ond the #of years the tree stays disease-free. Reject Ho.

3
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Question 1 continued

(Total for Question 1 is 7 marks)
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. Xena catches fish at random, at a constant rate of 0.6 per hour.

(a) Find the probability that Xena catches exactly 4 fish in a 5-hour period.

(2)
The probability of Xena catching no fish in a period of ¢ hours is less than 0.16
(b) Find the minimum value of 7, giving your answer to one decimal place.
3)
Independently of Xena, Zion catches fish at random with a mean rate of 0.8 per hour.
Xena and Zion try using new bait to catch fish. The number of fish caught in total by
Xena and Zion after using the new bait, in a randomly selected 4-hour period, is 12
(c) Use a suitable test to determine, at the 5% level of significance, whether or not there
is evidence that the rate at which fish are caught has increased after using the new
bait. State your hypotheses clearly and the p-value used in your test.
(3
e owe given o whidh indicokey Poisson Distribution.
(a) X = ¢tof gishin 5- howr perod /S hours define vavable
in 4 howr- 06 fish - 0.6%X5=3§ish
X~Po(3) M
P(x=4)=0.168 to 3¢f A

(b) T— o fish in & hours define vaxiable
T~ P0(0.6 %)
PLT=0) <016 ovmulo for Poisson Distribution:
Sub. into forswka. for noisson:

0.6t 1
e"_“““ﬁw< 0.6 4

o1,
e cone apply \n to Yoth sides

ne®® cinoie  log low: une® = x
-0.6t <n0.A6 MY

t> u:“o.‘: {ip inequality sign wheayou divide by neqaxive
£53.054 > £=3.4 fo tdp. mickeauna value
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O:NOT WRITE IN-THIS AREA

DO NOTWRITEIN THIS AF

Question 2 continued
(<) Hypotheses
T - [ish tion caught 0 4h
X fish Yena comgntin 4h }"'F'"‘“ vasiololes
2+ X = Y -a[ish ‘ooth of them caugnt
1~ Po(0.8x4) = Po(3.1) kwe can add tnese two sirnce they
X~ Po(0.6%4) = Po(2.4) / ave independent
o Y~ Po(3.2+24) = Y~ Po(5.6) distdbusion fac btal & of fish
ttypotheses ™
Ho: A=5.6
H: pA5.6
= they caughit 42 fish in 49
PIY212) = A-P(Y €
= 1-0.98%5
= 0.01248 < 0.05: falls in critical vegion

Sugicieat evidence to veject Ho, Owerage voke Of fish cougnt nas increased A
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Question 2 continued

(Total for Question 2 is 10 marks)
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. In a game, a coin is spun 5 times and the number of heads obtained is recorded.
Tao suggests playing the game 20 times and carrying out a chi-squared test to
investigate whether the coin might be biased.

(a) Explain why playing the game only 20 times may cause problems when carrying out

the test.
1)
Chris decides to play the game 500 times. The results are as follows
Number of heads 0 1 2 3 4 5
Observed frequency 2 27 93 181 146 51
Chris decides to test whether or not the data can be modelled by a binomial distribution,
with the probability of a head on each spin being 0.6
She calculates the expected frequencies, to 2 decimal places, as follows
Number of heads 0 1 2 3 4 5
Expected frequency 5.12 3840 | 115.20 | 172.80 | 129.60 | 38.88
(b) State the number of degrees of freedom in Chris’ test, giving a reason for
your answer.
(1)
(c) Carry out the test at the 5% level of significance.
You should state your hypotheses, test statistic, critical value and conclusion clearly.
()
(d) Showing your working, find an alternative model which would better fit Chris’ data.
2)
(a\Sample Site is too swall 1
(b) OoF = Colurns-{
=6-1=5
5 Dot an we nave 6 colummd ond no poding oo ol £25 B
) N0 D O
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Question 3 continued

(¢) Hypotheses
Ho: B(5,0.6) is a suiable model
Hye 8(5,0.6) s not a suitable model

Use to get owr test statistic
. 2 1t g3t 191'l 146° 5 - 500

Y2 — 4+ — + — 2L
s.n+ 84 us.'t* s 9.6 36.08

* 15.9063 — 43.8 to 3sp
15(52) 7 1.0Y0 tom fables

15.8 5000 . Sulficdent evidence to veject H,
B15,0.6) is mat o Switable model for the dato.

(d) Caleulake new p value:

p= @¥2MUX2H + 2XADHOXIBIHAXUBHEXSD | 349 . 0,638

5 X500

- 8(5,0.638)

5
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Question 3 continued

(Total for Question 3 is 9 marks)
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The discrete random variable X has the following probability distribution

X

P(X =) » 0.25 0.4

(a) Find in terms of ¢

(i) E(X)
(i) E(X?)
(2)
Given that Var(X) = 3.66
(b) show that ¢ =0.3
3)
In a game, the score is given by the discrete random variable X
Given that games are independent,
(c) calculate the probability that after the 4th game has been played, the total score is
exactly 20
3)
A round consists of 4 games plus 2 bonus games. The bonus games are only played if
after the 4th game has been played the total score is exactly 20
A prize of £10 is awarded if 6 games are played in a round and the total score for the
round is at least 27
Bobby plays 3 rounds.
(d) Find the probability that Bobby wins at least £10
(6)
for and
E(X)=TxP(x=%)
E(x*)= Zx*P(x=%)
Var (x) = E(x")-TEx)®
(a)
X 0 2 3 6
X 0 4 9 3
P(X=x)| p 0.25 q 04
L EKYE 0xp +2(0-15)+ 3+ 6(0.4) = 30,429
ii. ECX*) = 0%p + 4(0.15)t 9q +36(0 4\ = Qg +15.4
) N R 0 A
P 71 9 6 7 A 0 1 4 1 6
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Question 4 continued
(blWe know that Var(X)z EGY) - [E(K)’  and thot Vav(x)= 3.66
3.66= (15.4+9g) - (2.9+3q)’
3.66 7 (5.4 +9q,- 8.41-1}.4q +9q*
99'+8.4q -3.33=0
Use

. -8.4+ 84400139

q 709)

2 g:03 -3

\ 30

Since 420 0ait's @ probability , =03 Shown

() PlYq+Yqt X3+ Xgq=20)=P(6,6,6,20r 6,6,2.6 0or 6,2,6,6 or 2,6,6,6)
= 4% (0.25%(0.4)*)

=0.064

(d) For the totaw tobe 323 agter 6 vounds rounds 5+6 have to add up to #(since for 6 rounds to even
be played, Yownds 1-4 must add up to 20)
Plxst %2 3)=P(6,6 or 2,3 or 3,2 or 6,3 a1 3,6)
= (0.4)'+ 2(0.15%0.4) + 2(0.4%0.3)
=06
s For Scove t0 he 223 P PlX +Xy¢X3+Xe=20) % PXgtXy227)
= 0.064 x0.¢
P(scove21?) = 0.0384
For him to win ok least 105, e needs to Scove 223 ak least once.
S kol timeohe Scores 223
S~ 83, 0.0384)
P(S31) =\ -P(5=0)
= 0.1108
g’0-“1 to 3s§

15
ormm L T R Turn over
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7

Question 4 continued

(Total for Question 4 is 14 marks)

TOTAL FOR FURTHER STATISTICS 1 IS 40 MARKS
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