
Statistics Sector 1: Hypothesis Tests for a Proportion 
Aims 

 Carry out a hypothesis test for a proportion using a binomial distribution, using critical values or 𝑝-

values. 

 Interpret the findings of a hypothesis test in context. 

 
 
Definitions 
 
Null Hypothesis (H0):  
an assertion that a parameter in a statistical model takes a particular value, and is assumed true until 
experimental evidence suggests otherwise. 
 
Alternative Hypothesis (H1):  
expresses the way in which the value of a parameter may deviate from that specified in the null hypothesis, 
and is assumed true when the experimental evidence suggests that the null hypothesis is false. 
 
Test statistic:  
a function of a sample of observations which provides a basis for testing the validity of the null hypothesis. 
 
Critical region:  
the null hypothesis is rejected when a calculated value of the test statistic lies within this region. 
 
Acceptance region: 
the null hypothesis is accepted when a calculated value of the test statistic lies within this region. 
 
Critical value:  
the value which determines the boundary of the critical region. 
 
Significance level:  
the size of the critical region. It is the probability of incorrectly rejecting the null hypothesis.  
 
One-tailed test:  
the critical region is located wholly at one end of the sampling distribution of the test statistic. 
H1 involves < or > but not both. 
 
Two-tailed test:  
the critical region comprises areas at both ends of the sampling distribution of the test statistic. 

H1 involves . 
 

 
  



Exact Test for the Proportion, p, of a Binomial Distribution  
 
 
 
 

1) State the hypothesis. 
 𝐻0: 𝑝 = 𝑣𝑎𝑙𝑢𝑒   

 𝐻1: 𝑝 < 𝑣𝑎𝑙𝑢𝑒, 𝑝 > 𝑣𝑎𝑙𝑢𝑒 𝑜𝑟 𝑝 ≠ 𝑣𝑎𝑙𝑢𝑒  
 

Where 𝑝 is the population proportion of……… 
Alternatively write the hypothesis in words 

 

2) Write down the observed data 𝑋 out of 𝑛 and the distribution of 𝑋 under 𝐻0 

 

3) Declare the hypothesis test. 

A one/two tailed test of the population proportion at the % significance level, using  𝑋~𝐵(𝑛, 𝑝) where 

𝑋 is….. 
 

4) The test statistic is 𝑋 
 

5) Use either critical values or probability to decide whether to accept or reject the 𝐻0 
 

Critical Values 

If 𝑋 falls in critical region then reject 𝐻0 
 
Probability 
Calculate 𝑃(𝑎 𝑣𝑎𝑙𝑢𝑒 𝑎𝑠 𝑜𝑟 𝑚𝑜𝑟𝑒 𝑒𝑥𝑡𝑟𝑒𝑚𝑒 𝑡ℎ𝑎𝑛 𝑋) using 𝑋~𝐵(𝑛, 𝑝)  

 
If 𝐻1: 𝑝 < then 𝑃(𝑋 ≤  𝑜𝑏𝑠 𝑑𝑎𝑡𝑎) 
If 𝐻1: 𝑝 > then 𝑃(𝑋 ≥  𝑜𝑏𝑠 𝑑𝑎𝑡𝑎) 
 
If 𝐻1:𝑝 ≠: then look to see if 𝑋 is less or greater than than the mean 𝑛𝑝 
If 𝑋 less then the mean then 𝑃(𝑋 ≤  𝑜𝑏𝑠 𝑑𝑎𝑡𝑎) 
If 𝑋 greater than the mean then 𝑃(𝑋 ≥  𝑜𝑏𝑠 𝑑𝑎𝑡𝑎) 

 
6) Compare this probability with the significance level or significance level divided by two if two tailed. 

If probability is less than the significance level then reject 𝐻0. 

 

7) Make a conclusion in the context of the original question.  

 
 
 



Example 1 
 
Until recently, an average of 60 out of every 100 patients has survived a particularly severe infection. When 
a new drug is administered to a random sample of 15 patients with the infection, 12 survive.  
 
Does this provide evidence, at the 10% level of significance, that the new drug is more effective than existing 
treatments? 
 
 
Hypotheses 
 
 

 
Observed Data   
 
 
 
 
Test Statistic 
 
 
 
 
P (a value as or more extreme than the observed data) 
 
 
 
 
 
 
 
Compare this with the significance level 
 
 
 
Conclusion 
 
 



Example 2 
 
Tulip bulbs are sold in packets of 50 mixed colours: red, yellow and white. Random samples of bulbs are 
obtained and put into packets. A packet is selected at random and the number of white tulips resulting is 
found to be 15. 
 
Investigate, at the 5% level of significance, the claim that 20% of the bulbs sold in such packets result in white 
tulips. 

 
 
 
Hypotheses 
 
 

 
Observed Data   
 
 
 
 
Test Statistic 
 
 
 
 
P (a value as or more extreme than the observed data) 
 
 
 
 
 
 
 
Compare this with the significance level 
 
 
 
Conclusion 
  



Example 3 
 
Determine the critical region for 𝐻0: 𝑋 ∼ B(10,0.67) for a lower one-tailed hypothesis test at the 5% 
significance level. 
 
 

 
 
 
 
 
 
Example 4 
 
Determine the critical region for 𝐻0: 𝑋 ∼ B(17,0.31) for a two-tailed hypothesis test at the  
5% significance level. 
 

 
 
 
  



Example 5 
 
During busy periods at a call centre, callers either get through to an operator immediately or are put on 
hold. A large survey revealed that 20% of callers were put on hold. 
 
The call centre increases the number of operators with the intention of reducing the proportion of callers 
who are put on hold. A hypothesis test is carried out at the 5% level, to examine whether the centre has 
been successful in increasing the proportion of callers to get through immediately.  
 
After the change, a random sample of 10 callers is taken and the number who get through immediately is 
recorded. By considering the critical region, what conclusions can you draw and how would you suggest 
improving the hypothesis test? 
 
 
Hypotheses 
 
 

 
Observed Data   
 
 
 
 
Test Statistic 
 
 
Critical Region 
 
 

 
 
 
Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Exam Questions 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 


