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ASSOCIATED STUDY MATERIALS 

There is no set reading associated with this unit, but the use of the NUMERACY 
computer-assisted learning disc is recommended. 
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1 INTRODUCTION 
In much behavioural and social science research measurements are made on a 
sample taken from a population and these measurements are then used to make 
inferences about the whole population This is usually the case for all quantified 
methods, whether the design is that of an experiment, a straightforward descrip- 
tive sample survey, or a complex survey intended to supply data for constructing 
quasi-experimental models of supposed causal processes. This unit is about the 
methods and problems of designing and undertaking sample surveys The con- 
tents are relevant to other quantified research methods, however, since inferences 
about population values from sample measurements will be at the heart of all of 
them 

Sample surveys are a feature of modern, everyday Me, in business and commerce, 
politics and government policy, consumer marketing and entertainment, as well as 
in scientific research. It would be hard to find some aspect of living nowadays 
which was not influenced by sample survey findings These might range from 
something as apparently trivial as the design of a package used to retail a com- 
modity, or the evaluation of a television commercial, to findings used to advise 
policy-makers on matters which could affect the living conditions of a nation 

Consequently, it is not surprising that many individuals take survey findings for 
granted, at face value, and assume that those who conduct the surveys will have 
found and reported the true facts. This unit will show that the contrary must, at 
least to some extent, always be the case, although a well designed and well con- 
ducted survey can provide close estimates of the desired true values. You might 
have noted above, the word 'inference' and paused to wonder how 'inference' is 
involved in the matter of describing population characteristics. Surely this is purely 
descriptive, and inference is for experiments, not sample surveys? You will find as 
you study the material which follows, that the answer to this question is a decisive 
'No'. Even at the simple level of a survey conducted on one occasion, possibly by 
questionnaire, or structured interview, or planned selective observation, inference 
is involved. What is being inferred is a characteristic, or characteristics, of the 
population, and this is inferred from the subset of measurements obtained from 
the sample. Behind this process are mathematical models and theorems which 
underpin the validity of the inferences so made 

This unit is not concerned with mathematical statistics but with understanding the 
basic methodology and how and why the various procedures work It assumes no 
previous knowledge of statistics, and no more mathematics than simple arithmetic 
In much descriptive research and commercial use, sample surveying is seen as an 
end in itself. Whatever is being investigated is described, and estimates are made 
of the likely range of error in this description But, as has been mentioned, this 
same methodology is also a component of more complex social and behavioural 
research. Experiments from which inferences are to be made about populations, 
whether they are undertaken in the laboratory or in the field, are equally depen- 
dent on the extent to which the sample represents the intended population. The 
first problem of a sample survey is representation, and in dealing with this in the 
simplest surveys we have to employ methods equally applicable to more complex 
research designs. 

Already in this introduction a number of technical terms have been used, and you 
will probably be uncertain of their meaning. This is nothing to be concerned 
about. A specialist topic such as sampling methodology is bound to need a 
specialized terminology, and the first objective of the sections which follow is to 
explain this terminology and to give examples. The overall aims of the unit can be 
summarized in two sentences: 

1 It will introduce methods for obtaining representative samples of appropriate 
size from a population, and for providing estimates of how accurate any such 
sample is likely to be. 
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2 It will present and discuss problems in applied survey sampling, for example 
non-response, unreliable or invalid measurement, sample loss, incomplete 
data, and ways of reducing the effect of these on the final results. 

How you study this material will depend on your own custom and preference, but 
one way would be to begin by skimming through each section to get a general 
idea of what the overall contents are The next step could be to work through the 
sections in order, completing the activities, paying particular attention to sampling 
terminology and making sure that you understand the technical meaning of such 
apparently harmless words as 'population', 'random' and 'quota' This unit also 
briefly explains such descriptive statistics as the mean and standard deviation, and 
how the probability of the occurrence of a value in a data set can be estimated by 
expressing its distance from the mean in terms of standard deviation units (z- 
scores) It is important that you do understand these ideas, not only for this unit 
but because of their relevance to statistical tests and hypothesis testing in general 

2 SAMPLING 
A sample is a set of elements selected in some way from a population. The aim of 
sampling is to save time and effort, but also to obtain consistent and unbiased 
estimates of the population status in terms of whatever is being researched. The 
important point to note here is the very restricted meaning given to the term 
population in statistics, which is quite different from everyday usage. Thus a 
population could be all the children in some group of interest, perhaps all the 
children in one school, or all the children in a specified age range in a certain 
district, or city, or in the UK overall. A population consists of individuals, or 
elements, and these could be persons, or events, or cabbages, nuts or bolts, cities, 
lakes, patients, hospitals or thunderstorms: anything at all of research interest, 
including observations, judgements, abstract qualit~es, etc 

Previously you will have learnt how data can be used to calculate descriptive stat- 
istics such as the mean and the standard deviation These provide meaningful 
description of the samples for which they are calculated - in this case central 
tendency and dispersion, respectively - but usually, in survey research, we will 
be interested not lust in the characteristics of a sample, but in those of the popu- 
lation from which the sample has been drawn. Descriptive statistics for a popu- 
lation are called populatzon parameters to contrast them with sample statzstics 
Usually the aim of a research project is not exact measurement of population par- 
ameters, such as is undertaken in a general census, but the collection of sample 
data to be used both to calculate sample statistics and to estimate how close these 
are to the unknown population parameters, i e to estimate the extent of sampling 
e m ?  a concept which will be explained fully in this unit. 

Thus matters of interest in applied sampling include. 

What methods are available and what are the advantages and disadvantages 
of each of them, theoretically, in practical terms, and in terms of cost? 

How close will statistics calculated from samples be to the unknown popu- 
lation parameters? 

How much will sample size influence this? 

Which will be the most effective methods of drawing representative samples 
- i.e. minimizing sampling error as much as possible - and in wh~ch cir- 
cumstances7 

Given that a sample has been appropriately drawn, how can the effects of 
non-response, or sample loss in any form, be estimated? 
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Researchers and statisticians have developed techniques for dealing with matters 
such as these, and they have also developed a specialized terminology so that 
they can be defined and discussed. The objective of this section is to introduce 
you to the essential baslcs of this terminology. 

ACTIVITY I 0 
In this introduction to Section 2 a restncted meaning has been given to the word 'popula- 
tion' so that it can be used as an unambiguous technical term. Wnte a bnef glossary entry 
defining this term, and give examples. 

l 

Restncted meanings are also given, or implied, for other words used rn thrs section - 
those which have been italicrzed. List a further three of these, noting any ~nformation 
which would help define each of them. Complete thts activity now, but do not check 
your answer until you have also completed Activlty 2. 

2.1 DEFINING THE POPULATION TO BE SAMPLED 

The first step in sampling is to define the population of interest clearly and accu- 
rately. Such definition may seem obvious to a novice, but it is where survey ~ design can all too easily be defective. For example, the intended population might 
be housebound single parents of young children, but if these were found via the 
records of a social or health service agency then a substantial bias might be 
introduced by the exclusion of parents not using, or not known to, such agencies 
A further obvious example is using the telephone to contact respondents; this 
limits representativeness to persons meeting selection criteria, but only if they also 
are available by telephone. Such individuals might differ in very relevant ways 
from the intended population of interest. Problems such as these can be avoided 
by defining a population as the total collection of elements actually available for 
sampling rather than in some more general way The words 'group' and 'ag- 
gregate' get close to what statisticians mean by a population (Kendall, 1952) A 
useful discipline for the researcher, therefore, is to bear firmly in mind precisely 
which elements were available in the intended population and which were not, 
and to use this information to limit the extent of the claims he or she makes about 
the generalizability of the results 

2.2 SAMPLING UNITS 

For the purposes of sampling, populations can be thought of as consisting of sam- 
pling unzts These are collections of elements which do not overlap and which 
exhaust the entire population. For example, if the elements were fingers, and the 
population all the fingers in the UK, then the sampling units could be geographi- 
cal regions, provided they covered the whole of the UK and did not overlap. Or 
the sampling units could be families, or individual persons, or hands. Another 
example would be if the elements under study were persons over 60 who lived 
alone but who were currently receiving nursing care in hospital immediately fol- 
lowing major surgery, and the population were all such individuals in the UK. The 
sampling units could be geographical regions, or hospitals, but not citles because 
these might not exhaust the population of interest - sampling cities might, for 
example, exclude rural cases. 

2.3 THE SAMPLING FRAME 

When a survey is belng set up, the data units are organized by the researcher into 
a sampling frame. A samplzng frame is whatever is being used to identify the 
elements in each sampling unit. Remember that each sampling unit could contain 
many elements, in the case of geographical regions, or just one, in the case of 
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simple random sampling from the voting register Whatever the circumstances, the 
sampling frame provides access to the individual elements of the population 
under study, either vla sampling units, or directly when these and the population 
elements are identical (e.g where we are sampling people from a finite popu- 
lation and we have a complete list of the names of the population) 

The sampling frame could be anything at all provided that it exhausts the total 
population For example, it could be company employment records, or school 
class lists, or hospital files, or the voting register. Such lists and records will always 
contain mistakes, but they may be the only method of finding the sample 
elements so that they can be surveyed. The survey itself will give some infor- 
mation on the extent of inaccuracy of this sort, for example by providing a count 
of voters no longer resident at the address given in the register, and it will be 
possible to see whether or not these inaccuracies are fairly evenly spread across 
the sampling frame It is possible that greater housing mobility will be more typi- 
cal of certain sample elements than others, leading to bias in the survey results. 
[Incidentally, the term bias has a precise meaning in statistics. In this unit it refers 
to an effect on the sample data from anything which moves the value of a statistic 
calculated from that sample (such as a mean) further from the true population 
value than would have been the case if that effect were not present.] 

Much more dangerous and invidious errors originate through faulty selection of 
the sampling frame itself. In the real world of survey research a sample is not 
really a random set of elements drawn from those which define the population 
being researched; we can only strive to make it as close to this as possible. In 
practice a sample can only be a collection of elements from sampling units drawn 
from a sampling frame, and if that sampling frame is not fully representative of 
the population which we want to describe, then the sample will also be unrepre- 
sentatwe. For this reason great care should be taken in deciding just what sources 
will provide the sampling frame for a survey, before the frame is set up and the 
sample drawn. 

b( ACTIVITY 2 

The preceding paragraphs have introduced some further technical terms essential for the 
methods to be explained in the paragraphs which follow. Add these to your list com- 
menced for the items In Activity I and add to, or amend, the answen you gave then if 
this seems necessary Also say why precise definition of these terms is important. 

Check your answers to both Activit~es I and 2 agalnst those given at the end of this unit. 

The classic example in the sampling literature of error due in part to choice of 
sampling frame was a newspaper survey which attempted to forecast the outcome 
of the 1936 American Presidential election This predicted that the Republican can- 
didate would defeat the Democratic candidate decisively by obtaining 57 per cent 
versus 43 per cent of the votes. In the event the result was in the opposite direc- 
tion. The Democratic candidate (Roosevelt) achieved 62.5 per cent of the vote, 
and the Republican only 37 5 per cent. One probable reason for this was that the 
response rate was low in an initial sample claimed to include 10,000,000 persons, 
although well over 2,300,000 persons did respond. Another was that literacy was 
assumed, in that a postcard questionnaire had to be read, and posted back But 
the most obvious design mistake was that the sampling frame did not truly rep- 
resent the population of voters in the election This was because it was compiled 
from lists of subscribers to the publication concerned, from llsts of car owners, 
and from telephone directories This introduced bias which would not have been 
overcome even if all 10,000,000 persons had returned their postcards - poorer 
people did not subscribe to the publication and were not on the telephone. 

If a sampling frame is a biased representation of the population to be studied, 
increasing sample size will not help, the bias remains Even an up-to-date Elec- 
toral Register might not provide an accurate frame for selecting a sample from the 
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population of voters in an approaching election This is because it will include 
persons who did not, in the event, vote, although they may have intended to do 
so when surveyed, and these individuals might differ in relevant ways from those 
who did vote. It will also include those who have moved away, or died, and will 
not include those who have actively avoided registration for some reason - for 
example to avoid jury service or the Community Charge. 

These points have been stressed because, until one is faced with the task of 
accounting for an unexpected or even improbable result in survey research, locat- 
ing the elements of a population might seem to involve only the practical issues of 
gaining access to records or lists. Clearly there is much more to it than this 

3 SELECTING A SAMPLE 
Having identified the population to be researched, and arranged access to it via an 
accurate sampling frame, the next step will be to decide how the sample itself is 
to be selected The objective will be to obtain estimates of population parameters, 
and some methods will do this more accurately than others. The choice of method 
will be a question of balancing accuracy against cost and feasibility. The methods 
available fall into two main categories: probabilistic sampling and non- 
probabilistic sampling The former includes simple random sampling, stratified 
random sampling, and, if selection ts at least in part random, cluster sampling. The 
most widely used method of non-probabilistic sampling is quota sampling. Each 
of these methods will be described in the sections which follow 

Often sampling will be the only feasible method of obtaining data, quite apart 
from questions of time and cost But do not assume that extending a sample to 
include all elements in a population - i.e. conducting a census - would necess- 
arily give better informatton. In some circumstances a sample will be more accu- 
rate than a census, as well as cheaper, quicker and less invasive of the community 
Some sources of discrepancy between the estimated (measured) and true popu- 
latlon value, which will hereafter be referred to as error, are more likely in a large- 
scale census than in a small and tightly managed sampling survey 

ACTIVITY 3 l=J 
Wnte a bnef account (1 O S 1  20 words) of what you think might be greater problems for 
a census than for a sampling survey - assuming a fairly large, and dispersed, population 
(as In the national census) 

Answers to activities are grven at the end of the unit. 

You will have concluded, when readtng the previous paragraph, from the italics, 
that error is another word with a restricted meaning in sampling theory, as in 
statistics in general, and that it should be added to the list commenced for Activity 
1 It is not synonymous with 'mistake', and does not mean 'wrong', although a 
mistake by an interviewer or a wrong answer to a question would each contribute 
to error in a survey, whether a sample survey or a census In addition to this, for 
many things measured there will be variation from many sources, including indi- 
vidual variation, and looking at this from the perspective of a summary statistic 
such as the mean, this will also be error By the time you have finished this unit, 
you should have a good understanding of what is meant by error, and you will 
also have learnt that there are various sources of error, each with different impli- 
cations for survey methodology 

In your answer to Activity 3 you probably mentioned some factors such as field- 
work problems, interviewer-induced bias, the nature or insensitivity of the measur- 
ing instrument, or clerical problems in managing large amounts of data. Bias from 


