
Population Proportion
In statistics you usually wish to study a certain collection of 
individuals or items. This collection is known as the population
It would be useful to have information about every individual or 
item in the population. The gathering of this information is called a 
census
e.g. There are one million people in a particular city. We are 

interested in the proportion of people that would choose a prime 
number if they were asked to pick a number between 1 and 100.

The probability that a prime number was chosen is a population 
proportion

Note: When a census of the population was held 249925 picked a 
prime number

As you cannot predict a response, the result of a census may not agree 
with the population proportion 



Sample Proportion
It is often unrealistic to conduct a census, as it might;

• take to long to conduct the census 
• cost too much to employ the people to do such a large census

Therefore a more realistic aim would be to take a subset of the 
population, known as a sample, and gather the information via a 
survey
Ideally a sample should have all of the characteristics of the 
population

• analysis of the results would also be time consuming

e.g. I surveyed 100 people from our city and asked them to choose 
number between 1 and 100 and 29 picked a prime number

The sample proportion would be



The sample proportion is the random variable



e.g. Prior to conducting our survey of 100 people, we wanted to see if 
100 people would be  sufficient to draw conclusions about the 
population. 

So we ran 50 simulations using a spreadsheet and the number of 
primes produced in the simulations are listed in the following 
table

0.3 0.25 0.24 0.29 0.31 0.27 0.28 0.26 0.2 0.3

0.24 0.3 0.26 0.27 0.21 0.32 0.17 0.22 0.26 0.32

0.28 0.3 0.27 0.29 0.23 0.21 0.28 0.18 0.22 0.19

0.26 0.26 0.31 0.22 0.26 0.3 0.22 0.23 0.23 0.26

0.27 0.35 0.27 0.27 0.22 0.22 0.21 0.2 0.24 0.3

There are 25 
prime numbers 
less than 100
∴ p = 0.25



Let’s say we would be happy if our survey produced an estimate that 
is within 5% of the actual value

There is a 44% chance that our survey will produce an estimate 
within 5% of the actual results



Using a normal approximation

There is a 16% chance that our survey will produce an estimate 
within 5% of the actual results

From this we could conclude that a sample size of 100 would be not 
be sufficient to model the entire population



e.g.  A recent census showed that 20% of the adults in a city eat out 
regularly

a) A survey of 100 adults in this city is to be conducted to find the 
proportion who eat out regularly. Show that the mean and standard 
deviation for the distribution of sample proportions of such surveys 
are 0.2 and 0.04 respectively



b) Use the extract shown from a table giving values of P(Z < z), 
where z has a standard normal distribution, to estimate the 
probability that a survey of 100 adults will find that at most 15 of 
those surveyed eat out regularly



(c) An online retailer claims that 90% of all orders are shipped within 
12 hours of being received. On a particular day, 121 orders were 
received and 102 orders were shipped within 12 hours.

(i) State the sample proportion of orders shipped within 12 hours.

The distribution of the sample proportion of all orders that are shipped 
within 12 hours of being received on any day is approximately 
normal.
(ii) Assuming the online retailer’s claim is true, find the probability 

that, in a random sample of 121, less than 85% of all orders are 
shipped within 12 hours.



(iii) Use the result from (ii) to evaluate the reasonableness of the 
online retailer’s claim.

part (ii) tells me that there is a 3.4% chance of shipping less than 85% 
of orders within 12 hours  
In part (i) our sample proportion was 84%, so this would have 
occurred by chance only 3.4% 0f the time
Therefore our sampling would suggest that the retailer’s claim is 
dubious



2021 Extension 1 HSC Question 14 d)
At a certain factory, the proportion of faulty items produced by a
machine is 𝑝𝑝 = 3

500
, which is considered to be acceptable. To 

confirm that the machine is working to this standard, a sample of 
size n is taken and the sample proportion �̂�𝑝 is calculated.

It is assumed that �̂�𝑝 is approximately normally distributed with 
𝜇𝜇 = 𝑝𝑝 and 𝜎𝜎2 = 𝑝𝑝(1 −𝑝𝑝)

𝑛𝑛

Production by this machine will be shut down if �̂�𝑝 ≥ 4
500

The sample size is to be chosen so that the chance of shutting 
down the machine unnecessarily is less than 2.5%.

Find the approximate sample size required, giving your answer to 
the nearest thousand.



(emperical rule)

A sample size of approximately 6000 will be required

Exercise 17D; 1 to 6, 8, 10, 12, 13, 15, 16, 18 
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