Populations, samples and sampling methods

Starter
1. Assuming that a couple has a 49 % chance of getting a girl, find
the probability that in a family of four children, there are more girls than boys.

2. A box contains a large number of red and yellow tulip bulbs in the
ratio 1 : 3. Bulbs are picked at random from the box. How many bulbs must be picked so
that the probability that there is at least one red tulip bulb is greater than 0.95?

Notes
Population vs. census vs. sample
Population: the whole group (people, objects etc.) under investigation

To get information about a population, a firm can carry out a survey. This survey can either be a
census or a sample.

Census: the whole population is asked.

Sample: a small part of the population that is under investigation is asked.

A census gives accurate information about the population but this may not be practical.

E.g. 1 For each situation below, explain why taking a sample is better than taking a census.
(a) A pie factory makes two hundred steak and kidney pies each day. Each day a
sample of five pies is eaten as part of quality control.
(b) A political party wants to know voters’ opinions on education. An opinion poll is
taken of one thousand people across the country

Working: (a) If a census were taken, there would be no pies left to sell.

In general, a sample is preferable to a census due to time and cost implications. The issue is how
to make the sample reflect the population so that correct conclusions can be drawn.

Representative sample vs. biased or restricted samples
Representative sample: the sample includes all the subgroups within a population (good).
i.e. it closely resembles the population

Biased or restricted sample: the sample includes only a few subgroups (not good).
i.e. it doesn't reflect the population

For example, predicting an election.
A representative sample includes men and women, all ethnic groups, all age groups etc (and they
should be in the same ratio as the population).

A restricted sample would, for example, only asks women or just people 18-24 years old. This
might be useful for a political party though to see if they are appealing to one particular group.

When choosing a representative sample the sample must
Be random

Avoid bias (age, sex, race etc.)

Cover the whole population geographically

Be as large, as possible

Sample size is important — the larger the sample, the more reliable the results should be.
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E.g. 2 What is wrong with the following samples to find out how people will vote?
(a) Ask only your friends.
(b) Ask only women.
(c) Ask people in Ripon.

Working: (a) Choosing your friends is not random. Also, the sample size is too
small and it would be a restricted sample.

Sampling methods

There are various sampling methods that aim to produce a representative sample.
Random methods:  simple random, systematic, stratified, cluster

Non-random methods: opportunity, quota

Simple random sampling means that every person or object has an equal chance of being in the
sample and each selection in independent of every other selection.
Method:
1. Give a number to each population member.
2. Generate a list of random numbers (using a computer, a ten sided dice or random
number tables)
3. Match the numbers to the population members to select the sample.
Advantages: unbiased sample
Disadvantages: can be inconvenient if the members of the population are spread over a
large area

E.g. 3 Asixth form has 75 students studying AS level mathematics. Explain how to select a
random sample of eight students using the random number table below.

4829 7851 9014 5964
0843 9730 8125 6371
Working: Give each student a number from 01 to 75.

Separate the four-digit numbers from the table into two-digit numbers.
Starting from the beginning of the list, choose the first eight numbers from
01 to 75, ignoring repeats.

48, 29, 78, 51, 90, 14, 59, 64, 08, 43, 97, 30, 81, 25, 63, 71
These numbers are too big.

These numbers are not needed.

The sample is the students numbered 48, 29, 51, 14, 59, 64, 08, 43

Systematic sampling (sampling every n—th member)— every member of the sample is chosen at
regular intervals from a list (often used in factories).
Method:

1. Give each member of the population a number.

2. Decide on the sample size

3. Divide the population size by the sample size — this can be called the interval size.

4.  Generate a starting point that less than or equal to he interval size.

5. Repeatedly add the interval size to the starting point to generate the sample.
Advantages: good for quality control on a production line; should give an unbiased sample.
Disadvantages: if the regular interval coincides with a pattern, the sample could be biased.
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Stratified sampling — ensures that each separate category within a population is represented.
The number from each category in the sample is proportional to the size of the category within the
population. Categories need to be well-defined so that one member of the population cannot fit
into more than one category.
Method:

1. Divide the population into categories.

2.  Calculate the size of each category within the sample using:
o Category size in population _
Category size in sample = : : X Sample size
Population size

3. Use another sampling method (e.g. simple random or systematic) to select the sample
for each category.
Advantages: when a population has lots of categories, this ensures they are all represented.
Disadvantages: can be time-consuming and expensive; some members of the population
could fit into more than one category.

Cluster sampling — after dividing the population into smaller groups (or clusters), one or more
clusters chosen using random sampling. The sample is every member of the chosen cluster(s).
Method:

1. Divide the population into clusters — no member must be in two or more clusters.
2. Randomly select (using another sampling method) a number of clusters to be in the
sample.

The whole of the cluster could be used in the sample or a random sample could be taken from

each cluster.

Advantages: adaptable as other sampling techniques can be incorporated; practical

Disadvantages: can be biased if the clusters are different; can be difficult to separate the
population into clusters.

Opportunity (or convenience) sampling is when the sampler chooses a section of the population
because it is convenient.

Method: for example, the sampler asks their friends or a teacher asks their students.
Advantages: quick and easy

Disadvantages: not random and likely to be biased

Quota sampling — a certain number of people of a certain type are asked (often used in market
research). ltis like a version of stratified sampling without the calculation.
Method:
1. Divide the population into categories — no member must be in two or more categories.
2. Decide how many members of each category to sample.
3.  Ask members of category until each individual quota has been met.

Advantages: can be used when the total population and size of categories within the population
are not known; sampling continues until the quota is reached so non-response are

not an issue.
Disadvantages: sampling bias can be caused by people with strong views who want to be
interviewed.

N.B. Different samples can lead to different conclusions.
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E.g. 4 Choose which sampling method would be best for each of these practical situations.

(a) Amy wants to get the views of the residents of Ripon about the sports facilities in the
city. She wants to make sure all age groups, genders, races are represented. State
and describe the sampling technique she could use, stating its pros and cons.

(b) An engineering company makes 1000 identical car parts each day. State and
describe the type of sampling technique that could be used to produce a sample of
twenty items.

(c) A ready meal manufacturer wants to test its latest recipe for spaghetti bolognese on
the student population of the UK. State the type of sampling technique that they
could use and briefly describe how the sample could be generated.

(d) A headteacher wants to get a representative sample of the views of students across
the age group in the school. State, with a reason, the best type of sampling
technique for this situation and briefly explain how to carry it out.

(e) As food rep. in a 6th form, Lisa’s homework was to find out the preferences of her
colleagues. It is now 10pm on the day before the homework is due. State the
sampling technique she could employ and explain its drawbacks.

Exercise
p392 18A Qu 1-10, (11 red)

Summary

Population: the whole group (people, objects etc.) under investigation
Census: the whole population is asked.

Sample: a small part of the population that is under investigation.

Representative sample: the sample includes all the subgroups within a population (good).
i.e. it closely resembles the population
Biased or restricted sample: the sample includes only a few specific subgroups (not good).
i.e. it doesn't reflect the population
Random sampling methods: simple random, systematic, stratified, cluster
Non-random sampling methods: opportunity, quota
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