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PAGE 2 - SPECIFICATION REMINDER Applied A-2.2.5-2017 spec

Hypothesis Testing - Binomial Parameter p — what the new
spec asks

WIJEC GCE AS / A Level Mathematics (from 2017) - Unit 2: Applied Mathematics A - Topic 2.2.5.

Settingup thetest 2.25 Critical region and p-value 2.2.5

e Let X = number of successes in n trials; under H, e p-value (one-tailed): P(X < zgy) or P(X > xqps) under
X ~ B(n,po). H.

e One-tailed: Hy : p < pgor Hy : p > py. e Two-tailed: double the one-tailed p-value (or use

e Two-tailed: Hi : p # po. symmetry / nearest tail).

e Reject Hj if p-value < a; conclude in context, not just
statistical jargon.
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Applied A-2.2.5-2017 spec

Hypothesis Testing - Binomial Proportion in one page

Quick-reference notes — revisit before each section. Don’t use during questions.

Hypotheses

Hy :p=pyvs Hy : p# py (two-tailed)
or Hy : p < py/p > py (one-tailed).
State in context of the question.

Critical region

For small n, @ may not be attainable
exactly - get closest below.

Choose C sothat P(X € C | Hy) < o

Test statistic

Under Hy, X ~ B(n,py). Compute the
tail probability of the observed x.

X < z for lower-tail evidence; X > z
for upper-tail.

Normal approximation

If nlarge,np >5,n(l—p) >5:X =
N(np,np(1 - p))-
Use continuity correction: P(X < k) ~

@<k+0.5 —np)
Vrnp(1—p) )

p-value
One-tailed: directly P(X < z) or
P(X > z) from tables.

Two-tailed: double the nearer tail
probability (or sum both tails <
symmetric).

Conclusion
If p-value < a: reject H,,.

Always state the conclusion in context
of the original claim.



SECTION T4

Hypothesis Testing - Binomial Parameter p

Questions 1-6 - 80 marks



Question1

6.

(984-01)

WJEC S2 June 2011 - Q6 16 marks

David is given a biased coin and is told that the probability of obtaining a head when the coin
is tossed is either 0-3 or 0-6. To determine which, he defines the following hypotheses.

Hy:p=03;, H,:p=0¢6.

(a) He tosses the coin 20 times and denotes the number of heads obtained by x.
He will accept H, if x = 9 and he will accept H, if x < 8.
Calculate the probability of
(i) accepting H; when H, is true,
(ii) accepting H, when H, is true. [8]
(b) He now tosses the coin 80 times and denotes the number of heads obtained by y.
He will accept H, if y = 36 and he will accept H, if y < 35.
Using a normal approximation, calculate the probability of
(i) accepting H, when H, is true,

(i) accepting H, when H; is true. [8]



Question 2

WJEC S2 June 2013 - Q4

A politician believes that 40% of the voters support him but his agent believes that his support
is greater than this. They decide to question a random sample of voters to try to resolve the
situation.

(a) State suitable hypotheses. [1]

(b) They question a random sample of 50 voters, of whom 25 state that they support
the politician. Determine the p-value and state your conclusion in context at the 5%
significance level. [4]

(c¢) Theynow decide to question a random sample of 400 voters, of whom 181 state that they
support the politician. Determine an approximate p-value and state your conclusion in
context. [7]

12 marks



Question 3 WJEC S2 June 2014 - Q4

4. Gwilym buys a new computer game. He claims that he wins, on average, 60% of games played.
His friend Huw believes that Gwilym wins less than 60% of games played.

(a) To investigate these conflicting claims, Gwilym plays the game 20 times and wins 7 of
them.
(i) State suitable hypotheses for testing these claims.
(i) Determine the p-value of the above result and state your conclusion in context. [7]

(b)  During the following week, Gwilym plays the game 80 times and wins 37 of them. Use a
suitable approximation to determine the p-value and state your conclusion in context. [7]

© WJEC CBAC Ltd. (0984-01)

14 marks



Question 4

WJEC S2 June 2015 - Q4

When Edwin shoots an arrow at a target, he hits it with probability p = 0-4.

Successive shots are independent. He attends a course to try to improve his technique and he
wishes to test whether or not the course has succeeded in doing that. He defines the following
hypotheses.

Hy:p=04, H;:p>04

(a) He decides initially to shoot 20 arrows at the target and X denotes the number of these
shots which hit the target. Determine the critical region having a significance level closest
to 1%. (3]

(b)) He decides to carry out a further test in which he shoots 120 arrows at the target. He
finds that 55 of these shots hit the target. Calculate an approximate p-value and state your
conclusion in context. [7]

10 marks



Question 5 WJEC S2 June 2016 - Q5

5. Aseed manufacturer claims that 70% of seeds of a certain variety will germinate but the manager
of a garden centre claims that the germination rate is less than this.

(a) Atrial is therefore conducted in which 50 seeds of this variety are planted. It is found that
32 of these seeds germinate.

(i) State suitable hypotheses to test these claims.
(i) Calculate the p-value of this result and state your conclusion in context. [7]
(b)  Afurther trial is conducted in which 500 seeds of this variety are planted and it is found that

329 of these seeds germinate. Carry out a hypothesis test using a normal approximation
and state your conclusion in context. [7]

14 marks



Question 6 WJEC S2 June 2017 - Q5

5. Charlie is given a coin and he is told that it is biased so that the probability, p, of obtaining a head
when tossed is 0-75. To test this, he defines the following hypotheses.

H,:p=075 H,:p#075

(a) He decides to toss the coin 50 times and he denotes the number of heads obtained by x.
He defines the following critical region.

x <3)u(x =44
(i) Determine the significance level of this test.
(i)  Find the probability of accepting H,, if the value of p is actually 0-5. (7]
(b) Inafurther attempt to test whether or not the value of p is 0-75, he decides to toss the coin
200 times. He obtains 139 heads.
(i) Calculate the approximate p-value of this result.

(ii) Interpret the p-value. [7]

14 marks
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