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A random sample of observations of a random variable X is summarised by

n=100, Xx=48300, Xx’=249509.16.

(i) Obtain unbiased estimates of the mean and variance of X. [4]

(ii) The sample mean of 100 observations of X is denoted by X. Explain whether you would need
any further information about the distribution of X in order to estimate P(X > 60). [You should
not attempt to carry out the calculation.] {21

It is given that on average one car in forty is yellow. Using a suitable approximation, find the
probability that, in a random sample of 130 cars, exactly 4 are yellow. [5]

The proportion of adults in a large village who support a proposal to build a bypass is denoted by p.
A random sample of size 20 is selected from the adults in the village, and the members of the sample
are asked whether or not they support the proposal.
(i) Name the probability distribution that would be used in a hypothesis test for the value of p. [1]
(ii) State the properties of a random sample that explain why the distribution in part (i) is likely to be
a good model. (2]
X is a continuous random variable.

(i) State two conditions needed for X to be well modelled by a normal distribution. 2]

(ii) Itis given that X ~ N(50.0, 82). The mean of 20 random observations of X is denoted by X. Find
P(X > 47.0). _ (4]

The number of system failures per month in a large network is a random variable with the distribution
Po(1). A significance test of the null hypothesis H,, : A = 2.5 is carried out by counting R, the number
of system failures in a period of 6 months. The result of the test is that H, is rejected if R > 23 but is
not rejected if R < 23.

(i) State the alternative hypothesis. [1
(ii) Find the significance level of the test. [3]
(iii) Given that P(R > 23) < 0.1, use tables to find the largest possible actual value of A. You should

show the values of any relevant probabilities. 3]

In a rearrangement code, the letters of a message are rearranged so that the frequency with which any
particular letter appears is the same as in the original message. In ordinary German the letter e appears
19% of the time. A certain encoded message of 20 letters contains one letter e.

(i) Using an exact binomial distribution, test at the 10% significance level whether there is evidence
that the proportion of the letter e in the language from which this message is a sample is less than

in German, i.e., less than 19%. (8]

(ii) Give a reason why a binomial distribution might not be an appropriate model in this context. [1]
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7  Two continuous random variables S and T have probability density functions as follows.

1

= -1<x<1
S: f(x) = { 2 o
0 otherwise
32 -~1<x<1
T a0={2 x
0 otherwise
(i) Sketch on the same axes the graphs of y = f(x) and y = g(x). [ You should not use graph paper or
attempt to plot points exactly.] [3]
(ii) Explain in everyday terms the difference between the two random variables. [2]
(iii) Find the value of ¢ such that P(T > ¢) = 0.2. [5]

8 A random variable Y is normally distributed with mean yu and variance 12.25. Two statisticians carry
out significance tests of the hypotheses H : 4 = 63.0, H, : u > 63.0.

0 S_tatistician A uses the mean Y of a sample of size 23, and the critical region for his test is
Y > 64.20. Find the significance level for A’s test. [4]

(ii) Statistician B uses the mean of a sample of size 50 and a significance level of 5%.
(a) Find the critical region for B’s test. [3]

(b) Given that 4 = 65.0, find the probability that B’s test results in a Type II error. [4]

(iif) Given that, when u = 65.0, the probability that A’s test results in a Type II error is 0.1365, state
with a reason which test is better. [2]

9 (a) The random variable G has the distribution B(n, 0.75). Find the set of values of n for which the
distribution of G can be well approximated by a normal distribution. (3]

(b) Therandom variable H has the distribution B(n, p). Itis given that, using a normal approximation,
P(H = 71) = 0.0401 and P(H < 46) = 0.0122,

(i) Find the mean and standard deviation of the approximating normal distribution. [6]

(ii) Hence find the values of n and p. (4]
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1 () A =4830.0/100 = 48.3 B1 48.3 seen
249509.16/100 — (their ¥2) M1 Biased estimate: 162.2016: can get BIMIMO
% 100/99 Ml Multiply by n/(n — 1)
= 163.84 Al Answer, 164 or 163.8 or 163.84
(ii))  No, Central Limit theorem applies, | B2 “No” with statement showing CLT is understood
so can assume distribution is (though CLT does not need to be mentioned)
normal [SR: No with reason that is not wrong: B1]
2 B(130, 1/40) B1 B(130, 1/40) stated or implied
~ Po(3.25) Ml Poisson, or correct N on their B(n, p)
A AV Parameter their np, or correct parameter(s)V
4 Ml Correct formula, or interpolation
=0.180 Al 5 | Answer, 0.18 or a.r.t. 0.180
[SR: N(3.25, 3.17) or N(3.25, 3.25): BIM1AI]
3 () _ Binomial ] Bl . 1 | Binomial stated or implied __ |
(i)  Each element equally likely Bl All elements, or selections, equally likely stated
Choices independent Bl 2 | Choices independent [not just “independent’]
[can get B2 even if (i) is wrong]
4 (i) Two of: Distribution symmetric Bl One property
No substantial truncation B1 2 | Another definitely different property
Unimodal/Increasingly Don’t give both marks for just these two
_______________ unlikely further fromp,etc | | "Bell:shaped™ Bl only unless "no truncation” |
(i)  Variance 8°/20 Ml Standardise, allow cc, don’t need n
L_470-500_ _y ¢77 Al Denominator (8 or 8 or V8) + (20 or \20 or 20°)
m Al z-value, a.r.t. —1.68 or +1.68
®(1.677) = 0.9532 Al 4 | Answer, a.r.t. 0.953
5 ()  HgA>25o0rl5 ] Bl 1 | A>250r15 allow p, don’tneed “H,” |
(ii)  Use parameter 15 Ml A =15 used [N(15, 15) gets this mark only]
P(>23) M1 Find P(> 23 or > 23), final answer < 0.5
eg 0.0327 or 0.0122
1 -0.9805=0.0195 or 1.95% Al 3 | Answer, 1.95% or 2% or 0.0195 or 0.02
__________________________________________________________________________ [SR: 2-tailed, 3.9% gets 3/3 here] ________|
(iii) P(£23|A=17)=0.9367 M1 One of these, or their complement: .9367, .8989,
P(<23|A=18)=0.8989 0.9047, 0.8551, .9317, .8933, .9907, .9805
Parameter = 17 Al Parameter 17 [17.1076], needs P(< 23), cwo
[SR: if insufficient evidence can give B1 for 17]
A =17/6 or 2.83 M1 3 | Their parameter + 6 [2.85]
[SR: Solve (23.5 — A)/NA = 1.282 M1; 18.05 A0]
6 (i) Hy: p=0.19,H;: p<0.19 B2 Correct, B2. One error, B1, but x or x or r: BO
where p is population proportion Ml Binomial probabilities, allow 1 term only
0.817°+20 x 0.81" x 0.19 Al Correct expression [0.0148 + 0.0693]
=0.0841 Al Probability, a.r.t. 0.084
Compare 0.1 B1 Explicit comparison of “like with like”
or  Add binomial probs until ans > 0.1 | Al [P(<2)=0.239]
Critical region < 1 B1
Reject Hy Ml Correct deduction and method [needs P(< 1)]
Significant evidence that proportion | A1V 8 | Correct conclusion in context
_________ of e’sin languageisless than 0.19 | | [SR:N(3.8,3.078): BAMIAOBIMO] |
(i)  Letters not independent B1 1 | Correct modelling assumption, stated in context

Allow “random”, “depends on message”, etc
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7 (@) B1 Horizontal straight line
B1 Positive parabola, symmetric about 0
B1 3 | Completely correct, including correct relationship
between two
Don’t need vertical lines or horizontal lines outside
range, but don’t give last B1 if horizontal line
continues past “t1”
(i)  Sis equally likely to take any value | B2 2 | Correct statement about distributions (not graphs)
in range, 7T is more likely at [Partial statement, or correct description
_________ extremities .l f . foromeony:BI] .
(ii1) ' PN Ml Integrate f(x) with limits (-1, #) or (¢, 1)
J't 3xdx = {2} [recoverable if z used later]
1 B1 Correct indefinite integral
Yo(1-1)=02o0r (£ +1)=0.8 M1 Equate to 0.2, or 0.8 if [-1, ¢] used
£=0.6 Ml Solve cubic equation to find ¢
1=0.8434 Al 5 | Answer, in range [0.843, 0.844]
8 () 64.2-63 =1.644 M1ldep Standardise 64.2 with Vn
J12.25/23 Al z=1.644 or 1.645, must be +
P(z > 1.644) dep M1 Find ®(z), answer < 0.5
_________ =005 .. |Al 4 | Answerart0050r50%
(i) (a 3.5 Ml 63 + 3.5 x k /50, k from @', not —
@ 6341645 750 Bl k= 1.645 (allow 1.64, 1.65)
> 63.81 Al 3 | Answer, a.r.t. 63.8, allow >, >, =, c.w.o0.
(b) P(<63.8|nu=165) M1 Use of correct meaning of Type 11
63.8—-65 _ 5 3956 Ml Standardise their ¢ with V50
3.5//50 Al z= (%) 2.40 [or —2.424 or — 2.404 etc]
0.0083 Al 4 | Answer, a.r.t. 0.008 [eg, 0.00767]
(iii) B better: Type II error smaller B2V 2 | This answer: B2. “B because sample bigger”: B1.
(and same Type I error) [SR: Partial answer: Bl]
9 (@ mp>5Sandng>5 M2 Use either ng > 5 or npg > 5
0.75n > 5 is relevant [SR: If MO, use np > 5, or “n =20 seen: M1]
......... 1220 oo | AL 3 | Finalanswern>200rnz200nly
(b) () 70.5-p=1.75 M1 Standardise once, and equate to @', + cc
u—46.5=225c Al Standardise twice, signs correct, cc correct
B1 Both 1.75 and 2.25
Solve simultaneously Ml Correct solution method to get one variable
w=60 Al w, ar.t. 60.0 or + 154.5
c=6 AN 6 | o,art. 6.00 [Wrongcc (below): Al both]
.......................................................................... [SR: o’ MIAOBIMIAIAO] .
(i) np =160, npg =36 Mildep np =60 and npg = 6” or 6
q=36/60=0.6 depM1 Solve to getgorporn
p=04 AN p=0.4 onwrong ccorz
n=150 AIN 4 | n=150 Y on wrong cc or z
c u q p (£0.01) n
70.5  46.5 6 60 0.6 0.4 150
60.062
71 46 6.25 5 0.6504  0.3496 171.8
60.562
71.5  46.5 | 6.25 5 0.6450  0.3550 170.6
59.562
70.5 455 | 6.25 5 0.6558 0.3442 173.0
71.5 455 6.5 60.125 0.7027  0.2973 202.2
70 46 6 59.5 0.6050  0.3950 150.6
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