B.Sc. Computing Portfolio, level 2


Sampling Techniques

The rationale for sampling

Sampling is one of the most important aspects of research.  In most practical situations, a ‘population’ will be too large to carry out a complete survey and only a ‘sample’ will be examined.  A good example of this is a poll taken to try to predict the results of an election.  It is not possible to ask everyone of voting age how they are going to vote: it would take too long and cost too much.  So a sample of voters is taken, and the results from the sample are used to estimate the voting intentions of the whole population.

Using a sample may be thought of as a compromise, but the following points should be considered:

· In practice, a 100% survey (a census) never achieves the completeness required.

· A census may require the use of semi-skilled investigators, resulting in a loss of accuracy in the data collected.

· It can be shown mathematically that once a certain sample size has been reached, very little extra accuracy is gained by examining more items.

· It is possible to ask more questions with a sample.

· The higher cost of a census may exceed the value of the results.

· Things are always changing.  Even if a census were taken, it could well be out of date by the time it was completed.

Sampling Methods

There are two basic types of sampling:

1. Probability (or random) samples – where individuals are drawn in some random fashion from among the population

2. Non-probability (or non-random) samples – where individuals are selected on the basis of one or more criteria determined by the researcher.

1.  Probability (random) samples

If random sampling is used then it is necessary to construct a sampling frame.  A sampling frame is simply a numbered list of all the items in the population.  Once such a list has been made, it is easy to select a random sample, simply by generating a list of random numbers using random number tables or the computer equivalent, thus reducing the likelihood of bias.

A sampling frame should have the following characteristics:

· Completeness.  All members of the population should be included on the list.

· Accuracy.  The information must be correct.

· Adequacy. It must cover the entire population

· Up-to-date.

· Convenience.  The sampling frame should be readily accessible.

· Non-duplication. Each population member should appear on the list once only.

	Student activity 1

1. Why is the telephone directory an unsuitable sampling frame of the human population?

2. You want to take a random sample of people who live in a particular area.  Why would the electoral register not be a satisfactory sampling frame?




· Simple random sampling  

Individuals are randomly drawn from the population at large.  All the members of the population have a known and equal chance of being included in the sample.  For example, if we were researching current student attitudes to a module, we could write all class members’ names (the population) onto individual slips of paper, place them in a box, and shake the box thoroughly to mix them up. A blindfolded person drawing successive slips of paper from the box would be taking a random sample from the population. Simple random sampling works well when dealing with relatively small populations.  For large-scale populations, however, this method is very expensive, and not appropriate when it is difficult to obtain a list of all the people in a population.

· Systematic sampling

Provides a good approximation to random sampling.  It works by selecting every nth item after a random start.  For example, if it was decided to select a sample of 20 from a population of 800, then every 40th (800 ( 20) item after a random start in the first 40 should be selected.  The starting point could be found using the lottery method or random number tables.  If, say, 23 was chosen as a starting point, then the sample would include the 23rd, 63rd, 103rd, 143rd … 783rd items.  The gap of 40 (in this case) is known as the sampling interval.  Care must be taken to ensure that there is no regular pattern to the population which, if it coincided with the sampling interval, might lead to a biased sample.  For example, if a list of married couples always shows the groom’s name first, then any even sampling interval will produce a string of all male or all female contacts.

· Stratified sampling

In many situations stratified sampling is the best method of choosing a sample.  The population must be divided into strata or categories, based on one or more criteria, such as age, gender, occupation, etc. For example, if we took a random sample of all computing professionals in the UK, it is possible that the entire sample might consist of computing professionals who work in commercial companies - omitting those who are lecturers, those in the public sector and those in computing research agencies.  Stratified sampling removes this possibility by taking random samples from each category of employment, the number in each sample being proportional to the total number of computing professionals in each category. Therefore, if 59% of all computing professionals work in commercial companies, 59% of the sample will be taken from this category. If 3% of all computing professionals are lecturers, then 3% of the sample will be lecturers, and so on.  Stratified sampling helps ensure that the sample is representative of the population, however, sampling frames do not always contain the information necessary to allow stratification to be applied.

· Cluster sampling

Involves selecting one definable subsection of the population as the sample, that subsection taken to be representative of the population in question.  For example, the staff of the computing unit at the Swansea Benefits agency may be taken as a sample of all computing unit Benefits Agency staff in Wales and all staff interviewed (a single-stage cluster sample). However, care should be exercised as the sample may not be truly representative of the population. Multi-stage cluster sampling may also be used.  For example, the population is first divided into quite large groups, usually on a geographic basis, and a small sample of these groups is selected at random.  Each of the groups selected is subdivided into smaller groups and again, a smaller number of these is selected at random.  This process is repeated as many times as necessary until finally, a random sample of individuals in each of the smallest groups is taken.

	Student activity 2

A software company carries out a national survey of adults’ usage of word-processing software.  To reduce travelling costs, the country is first divided into constituencies.  A sample of 50 constituencies is then selected at random.  Within each of these constituencies, 5 polling districts are selected, again using random techniques.  Interviewers will visit a random selection of 30 people on the electoral register in each of the districts selected.  Which sampling method is the software company using?




2.  Non-probability (non-random) samples

Non-random sampling is used when a sampling frame cannot be established.

· Convenience sampling

The researcher chooses the most convenient population, which may be the researcher’s friends, work colleagues or simply people interviewed on the street.  Convenience sampling is the least expensive and least time consuming of the sampling methods but has many potential sources of bias, including respondent bias.  Convenience samples are not representative of any definable population and should not be used to generalise to a particular population.

· Judgement sampling

A form of convenience sampling in which the researcher, exercising judgement or expertise, chooses the sample, believing the sample to be representative of the population. A variation on this theme is the purposive sample, where for example, the researcher decides to interview certain people within the firm because of their knowledge and position, even though they may not be representative of the population.  Such samples often yield qualitative data.

· Quota sampling

Quota sampling is used extensively in street interviewing.  It uses control characteristics, or quotas, of population elements such as age or gender, which are representative of the population.  For example, if you are surveying about a software product, and you know 90% of users are under 25, you may decide that 90% of your sample will be under 25. Respondents with these quota characteristics are selected on the basis of convenience or judgement.

	Student activity 3

The number of computing professionals and their gender in each type of work in a particular country are as follows.  What would be the investigator’s quota, assuming that a sample of 200 is required from the total of 2,000 computing professionals?



	
	Female
	Male
	Total

	Systems analyst
	100
	
	100
	
	200
	

	Programmer
	400
	
	300
	
	700
	

	DB administrator
	100
	
	200
	
	300
	

	Web designer
	500
	
	300
	
	800
	

	
	
	
	2000
	200


· Snowball sampling

In snowball sampling, an initial group of respondents is selected, usually, but not always, at random.  After being interviewed, these respondents are asked to identify others who belong to the target population of interest.  Subsequent respondents are selected based on the referrals.

Avoiding bias

If a sample is selected which is not representative, then the results may be biased.  That is, they will not represent responses in the wider population. Totally excluding all bias is extremely difficult but should be the goal in any survey.  However, just being aware of bias will allow the avoidance of the more obvious sources and the more cautious interpretation of certain results.  There are three main sources of bias:

1. Incomplete coverage – there may be a number of reasons for this:

a) Sampling frame is incomplete

b) Certain outlying areas are excluded (it is common in UK surveys to exclude counties north of the Caledonian canal in Scotland)

c) The survey method used may place constraints on those that can be sampled, i.e. a telephone survey requires ownership of a telephone!

2. Non-response – low response rates are a problem in any survey.  Whether it is a street, telephone or postal survey, a significant proportion of those approached will refuse to answer questions.

3. Overrepresentation – some sampling methods deliberately over-represent certain groups (the non-probability sampling techniques).  Although this allows detailed examination of a certain subgroup of the population, there is no way of knowing how else the group characteristics might affect the survey responses.

	Student activity 4

You are asked to gather opinions on the design of a new computer games console.  What problems might you experience using your parents and grandparents as a convenience sample?




Deciding the sample size

There are many factors which affect the size of a sample (and hence reliability):

· The research method used.  Large sample sizes are easier to achieve with some methods (i.e. postal surveys; telephone surveys) than with others (e.g. depth interviews, observation).

· Time and resources may be limited.  This will involve a trade off between sample size and the amount and accuracy of the information to be collected.

· Statistical precision required.  The larger the sample size, the greater its precision or reliability (that if the study were repeated, the results would be similar).  However, there is no point using large sample sizes when only a rough estimate of a population mean is required.

Sampling Techniques

Why sample?

In most practical situations, a ‘population’ will be too large to carry out a complete survey and only a ‘sample’ will be examined.  e.g. a poll taken to try to predict the results of an election is used to estimate the voting intentions of the whole population.

Using a sample may be thought of as a compromise, but the following points should be considered:

· Cost/value

· Time

· Depth 

Sampling Methods

There are two basic types of sampling:

1. Probability (or random) samples – where individuals are drawn in some random fashion from among the population

2. Non-probability (or non-random) samples – where individuals are selected on the basis of one or more criteria determined by the researcher.

1.  Probability (random) samples

· Use a sampling frame.  A sampling frame is simply a numbered list of all the items in the population.  Once such a list has been made, it is easy to select a random sample, simply by generating a list of random numbers using random number tables or the computer equivalent, thus reducing the likelihood of bias.

	Student activity 1

1. Why is the telephone directory an unsuitable sampling frame of the human population?

2. You want to take a random sample of people who live in a particular area.  Why would the electoral register not be a satisfactory sampling frame?




Simple random sampling  

· Individuals are randomly drawn from the population at large.  

· All the members of the population have an equal chance of being included in the sample.  

· Lottery method/names in a hat.

· Very expensive for large-scale populations, and not appropriate when it is difficult to obtain a list of all the people in a population.

Systematic sampling

· Selects every nth item after a random start.  

· E.g., if it was decided to select a sample of 20 from a population of 800, then every 40th (800 ( 20) item after a random start in the first 40 should be selected.  The starting point could be found using the lottery method or random number tables.  If, say, 23 was chosen as a starting point, then the sample would include the 23rd, 63rd, 103rd, 143rd … 783rd items.  

· The gap of 40 (in this case) is known as the sampling interval.  

· Care must be taken to ensure that there is no regular pattern to the population. E.g., if a list of married couples always shows the groom’s name first, then any even sampling interval will produce a string of all male or all female contacts.

Stratified sampling

· The population must be divided into strata or categories, based on one or more criteria, such as age, gender, occupation, etc. 

· Then random samples are taken from each category, the number in each sample being proportional to the total number in each category. 

· For example, if we took a random sample of all computing professionals in the UK, it is possible that the entire sample might consist of computing professionals who work in commercial companies - omitting those who are lecturers, those in the public sector and those in computing research agencies.  Therefore, if 59% of all computing professionals work in commercial companies, 59% of the sample will be taken from this category. If 3% of all computing professionals are lecturers, then 3% of the sample will be lecturers, and so on.  

· Stratified sampling helps ensure that the sample is representative of the population.

Cluster sampling

· Involves selecting one definable subsection of the population as the sample, & that subsection taken to be representative of the population.

· E.g. the staff of the computing unit at the Swansea Benefits agency may be interviewed as a representative sample of all computing unit Benefits Agency staff in Wales (a single-stage cluster sample). 

· However, care should be exercised as the sample may not be truly representative of the population. 

· Multi-stage cluster sampling may also be used.  E.g., the population is first divided into quite large groups, usually on a geographic basis, and a small sample of these groups is selected at random.  Each of the groups selected is subdivided into smaller groups and again, a smaller number of these is selected at random.  This process is repeated as many times as necessary. 
	Student activity 2

A software company carries out a national survey of adults’ usage of word-processing software.  To reduce travelling costs, the country is first divided into constituencies.  A sample of 50 constituencies is then selected at random.  Within each of these constituencies, 5 polling districts are selected, again using random techniques.  Interviewers will visit a random selection of 30 people on the electoral register in each of the districts selected.  Which sampling method is the software company using?




2.  Non-probability (non-random) samples

Non-random sampling is used when a sampling frame cannot be established.

Convenience sampling

· The researcher chooses the most convenient population, which may be the researcher’s friends, work colleagues or simply people interviewed on the street.  

· Convenience sampling is the least expensive and least time consuming of the sampling methods 

· However, it has many potential sources of bias, including respondent bias.  Convenience samples are not representative of any definable population.

Judgement sampling

· A form of convenience sampling in which the researcher, exercising judgement or expertise, chooses the sample, believing the sample to be representative of the population. 

· A variation on this theme is the purposive sample, where for example, the researcher decides to interview certain people within the firm because of their knowledge and position, even though they may not be representative of the population.  Such samples often yield qualitative data.

Quota sampling

· Quota sampling uses control characteristics, or quotas, of population elements such as age or gender, which are representative of the population.  

· For example, if you are surveying about a software product, and you know 90% of users are under 25, you may decide that 90% of your sample will be under 25. 

· Respondents with these quota characteristics are selected on the basis of convenience or judgement.

Snowball sampling

· An initial group of respondents is selected, usually, but not always, at random. 

· After being interviewed, these respondents are asked to identify others who belong to the target population of interest.  Subsequent respondents are selected based on the referrals, i.e. snowball.

	Student activity 3

The number of computing professionals and their gender in each type of work in a particular country are as follows.  What would be the investigator’s quota, assuming that a sample of 200 is required from the total of 2,000 computing professionals?



	
	Female
	Male
	Total

	Systems analyst
	100
	
	100
	
	200
	

	Programmer
	400
	
	300
	
	700
	

	DB administrator
	100
	
	200
	
	300
	

	Web designer
	500
	
	300
	
	800
	

	
	
	
	2000
	200


	Student activity 4

You are asked to gather opinions on the design of a new computer games console.  What problems might you experience using your parents and grandparents as a convenience sample?
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