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SUB-TOPIC 5.1

THE CENTRAL LIMIT THEOREM

Sub-topic 5.1 - 1 question - 15 marks - lowest tariff first
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ANSWER >

7. A six-sided die has sides labelled 1, 2, 3, 4, 5 and 6

The random variable S represents the score when the die is rolled.
Alicia rolls the die 45 times and the mean score, S, is calculated.
Assuming the die is fair and using a suitable approximation,

(a) find, to 3 significant figures, the value of k such that P(S < k) = 0.05
(b) Explain the relevance of the Central Limit Theorem in part (a).

Alicia considers the following hypotheses:

H,: The die is fair

H,: The die is not fair

IfS<3.1orS > 3.9, then H, will be rejected.

Given that the true distribution of S has mean 4 and variance 3

(c) find the power of this test.

(d) Describe what would happen to the power of this test if Alicia were to increase the
number of rolls of the die.
Give a reason for your answer.
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ANSWER >
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 15 marks)
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official mark schemes
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MARK SCHEME - Option 3B: Further Statistics 1 - October2020 - Q7 5.1 The Central Limit Theorem < QUESTION
Qu. Scheme Marks | AOs
7(a) | Realising S has a discrete uniform distribution over {1,...6} M1 3.3

E(S)=1x3+2x3+3xt+4x$+5x+6x¢ M1 1.1b
Var(S) =851 or Px1+22x14+3x14+4°x14+5"x1+6°x1-35 M1 1.1b
E(S)=3.5and Var(S)=% Al 1.1b
S ~N(3.5,....) M1 3.1a
_ 3 _
Var(S) = 2—25 =15, S ~ N(3.50.0648...) Al 1.1b
= k-3.5
108
k=3.08122... awrt 3.08 Al 1.1b
®)

(b) | CLT applies since the sample size is large B1 3.5b
CLT states that the sample mean/ S is (approximately) normally B1 3.5h
distributed

2

(c) | True S ~N(4,2) M1 3.3
P(S<3.1)+P(5>39 or 1-P(3.1<S5<3.9) dm1 34
Power = awrt 0.651 Al 1.1b

@)

(d) E.g. The increase in sample size would decrease the variance of S
[leading to an increase in P(S >3.9) and the decrease in Bl 24
P(S < 3.1) would be negligible]

So the power would increase. dB1 2.2a
)
(15 marks)
Notes
M1: Setting up model for S
M1: Attempt at expression for E(S)
M1: Attempt at expression for Var(S)
Al: Correct mean and variance for S (may be implied by a correct distribution for S )

@) | M1: Use of CLT to find distribution for S ~ N(-35, ...) f.. their 3.5 but variance # 3
ALl: Correct distribution with correct variance, allow o = awrt 0.0648 or o = awrt 0.255
M1: Standardising using their model and equating to a z-value 1< |z| < 2
Al: awrt 3.08
B1: Correct explanation about appropriateness of the CLT given large sample size (allow > 30)

(b) _ . &

B1: Requires both sample and mean or S
M1: Writing or using S ~ N(4,2) allow o =awrt 0.0667 or & =awrt 0.258

© | dm1: (dep on 1% M1) correct probability statement for power
Al: awrt 0.651

() B1: Correct reasoning which refers to decrease in variance
dB1: (dep on 1% B1) Correct deduction with no incorrect reasoning
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