
UNIT 8 SAMPLE SURVEYS 

5 ERROR, SAMPLE SIZE AND 
NON-RESPONSE 
As has been mentioned in the discussion of Activity 3, there are two categories of 
error in survey research. sampling error and non-sampling error Conceptually the 
terms sampling error and non-sampling error refer to different entitles, and it is 
theoretically Important to consider them as such, but in practice we can never 
have a true measure of sampling error, but only an estimate of it, and the influ- 
ence of non-sampling error is hopelessly confounded within that estimate. Both 
researcher and research evaluator have to ensure that non-sampling error is 
avoided as far as possible, or is evenly balanced (non-systematic) and thus cancels 
in the calculation of population estimates, or else is brought under statistical con- 
trol. As has been shown, the difference between sampling error and non-sampling 
error is that the extent of the former can be estimated from the sample variation, 
whereas the latter cannot Further, we have seen that sampling error can only be 
reliably estimated if the selection of respondents has been random. At best, ran- 
dom sampling will allow unblased estimates of sampling error; at worst, quota and 
opportunity sampling will provide little or none 

In practice researchers often overlook or are unaware of these difficulties and 
quote standard errors, i e. estimates of sampling error, even for samples where 
their use is not justified m theory. For example, a research project testing the effect 
of an innovation in method on the progress of children mlght use one school class 
for the innovation, and one other for control Assume that these were the only 
classes available to the researcher, but that a coin had been tossed to decide 
which of the two classes received the Innovation and which would be the control 

l Means could be calculated for the outcome measure and then standard errors 
could be calculated for these means. These standard errors could be used in a test 
to determine whether or not there was a significant difference between the means 
(as explained in Block 41, and the results could legitimately be reported. If you 
were evaluating this study you would note the positive finding, but also that the 
method used was 'purposive' or 'opportunlty' sampling, and consequently that the 
standard errors would not be based on random components with a beneficial can- 
celling of bias You would further note that for this reason the finding might not 
stand up to replication - that generalizability would be suspect You would look 

l for other information to take Into account. You would be pleased if it were said, 
or shown from school progress records, that the two classes were comparable 
before the research began You would be equally pleased to know that allocation 
to treatment and control groups had been at random. 

l 

ACTIVITY E l 
Wnte a br~ef note of poss~ble sources of error In th~s study ~f the school head had lns~sted 
on wh~ch class should receive the mnovatlon and wh~ch should be the control Say ~f thls 
would contribute to sampling error o r  non-sampllng error; or  both 

I Assume, on the other hand, that only two pre-selected classes were available and that 
treatment and control chddren were randomly sampled from these. How far would th~s 
Improve the possibility o f  obtaining good est~mates o f  sampling error; if at all? What about 
non-sampling error? (Approx. 150 words) 

In presenting standard errors in circumstances such as this, researchers are in 
effect saying: 

OK, I know I haven't got a random sample, and so can't estlmate sam- 
pling error But this is the best I could do It could be the case that it 
hasn't mattered very much, and thus I have calculated the standard 
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errors and have used them in further tests. My finding has support from 
the literature, and looks useful. It's up to you dear reader, to decide 
how much reliance you will place on it. Perhaps you'll think that the 
result is important, and will be able to replicate ~t without the sampling 
difficulties which I have had, and have reported. 

At least sampling error can be calculated, whether appropriately or not. The vari- 
ous sources of error grouped together as non-sampling errors are another matter 
- not because they will be necessarily greater in extent, although this could well 
be the case, but because they are difficult to control, or even detect. The great 
virtue of randomization is that it takes care of potential sources of bias both 
known and unknown. If it can be assumed that error, whatever its source, will be 
randomly spread across a sample, and will cancel when statistics are computed, 
then one does not even need to know what it is that is cancelled The problem is 
systematic, non-random error, whlch will not cancel. 

Non-sampling error is often overlooked when survey findings are evaluated, and if 
an estimate of sampling error is given, then it is often wrongly assumed that this 
shows the likelihood of total error For example in the 1992 general election in the 
UK one survey predicted a Labour Party vote of 42 per cent f 3 per cent. The 
figure of 3 per cent here will be derived from the estimated sampling error for the 
percentage of 42 per cent and the number of respondents sampled Presumably it 
represents approximately twice the standard error, and thus the 95 per cent confi- 
dence range for this result would be from 39 per cent to 45 per cent. This says 
that if the same pollsters drew sample elements in exactly the same way, and 
questioned and recorded in exactly the same way, from the same population, a 
sample of the same size, then they could expect to obtain a value in that range 95 
times for every 100 samples so drawn and tested. 

This statement about error tells us nothing whatsoever about whether the sarn- 
pling frame truly represented the voters of the UK overall, let alone the more 
restricted set of those who actually did vote. It tells us nothing about interviewer 
bias, or procedural reactivity, or untruthfulness on the part of respondents If one 
took a guess and allowed another 3 per cent for all of these, then the predicted 
range would increase to 3648  per cent, which would greatly decrease the useful- 
ness of the survey finding, since in a moderately close election it would be very 
unlikely to predict successfully which way the outcome would go, because the 
estimates for the two major parties would always overlap. An advantage the poll- 
sters do have, however, is replication. Many polls are taken, and by different 
organizations. Taking all into account might give some possibility of balancing 
some sources of non-sampling error - but not all It could, of course, be the case 
that all the polls suffered from similar defects in which case pooling would not 
cancel the bias and prediction would be highly unreliable. 

Major sources of non-samphng error related to the sampling process itself include. 
sampling-frame defects, non-response, Inaccurate or incomplete response, defec- 
tive measuring instruments (e.g questionnaires or interview schedules), and 
defective data collection or management Some of these are the subject of other 
units in this course, but their relevance here should also be kept in mind. Many of 
these effects are, or can be, controlled by proper randomization in sampling For 
example, in a large survey the error related to small differences in technique on 
the part of interviewers (perhaps consequent on personality differences) will be 
randomly spread across the data, and will cancel out Any residual effect should 
be small and would be lost in the estimates of standard errors, possibly here 
balancing with other small residual effects. 

SAMPLE SIZE 

Often selecting an appropriate sample size has been a hit and miss business of 
choosing a size which can be managed within the resources available, or a slze 
similar to that used in earlier published work There is a misconception that sam- 
ple size should be related to the size of the population under study As has been 
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shown above, the precision of sample estimates depends very much on sample 
size (the sample SD is dlvided by the square root of the sample n) and no refer- 
ence is made to the size of the population sampled. 

Assuming that for a sample survey the 95 per cent level of confidence is required 
( p  < 0.051, and the maximum error is set to 5 units on the scale of measurement, 
then the following formula will provide the estimated sample size. 

sample size = 2 X 1 . 9 6 ( ~ ~ ) ~ / 5 ~  

If the estimated SD is 10 then the required sample size would be approximately 
16 If the limit for the difference of interest was reduced from 5 to 2 points, then 
estimated sample size would increase to close to 100 assuming that the SD 
remains unchanged. Note that the researcher had to provide an estimate of the 
SD, although the actual value wlll not be known until the research is concluded. 

This is a very simple account of what might appear to be a simple subject, but 
which in fact is a complex one. Just how big a sample should be 1s a matter of 
balancing cost against the level of precision required. True, as sample size 
increases the size of the standard error of any estimate of a statistic does decrease. 
But this needs to be qualdied by knowledge that large samples may introduce 
more non-sampling error (as mentioned in the answer to Activity 3) than smaller 
ones, where measurements and management problems may be smaller. Also the 
power of the statistical test to be used must be taken into account and tables have 
been published for doing this (Cohen, 1969; Lipsey, 1990) But, in theory at least, 
the precision wlth which a sample statistic, such as the mean, has been estimated 
will depend on anything which makes the standard error smaller. 

NON-RESPONSE 

Estimating the required sample size needed for a stated level of precision has 
been discussed. There is, however, little point In reporting that sample size was 
formally determined to achieve maximum precision, if a sizable proportion of the 
sample were subsequently lost through non-response, or because items of data 
were missing This is a major source of error in many surveys 

Procedures for dealing with non-response and missing data have to be established 
when the research is being planned, and not left to desperate post hoc remedy In 
establishing such procedures total non-response should be distinguished from fail- 
ure to respond to individual items in a questionnaire, and both should be dis- 
tinguished from data which are simply missing, I.e. lost or inadequately recorded. 
Preliminary data analysis will also lead to further data loss, usually due to the 
dropping of elements (individuals or cases) found to have been included in the 
sampling frame by mistake, but which do not belong to the population studied, or 
because inconsistent or highly improbable values have been found on crucial vari- 
ables for the elements dropped 

Final reports should contain information on the extent of sample loss and mlssing 
data, which amounts at least in part, and sometimes completely, to the same thing. 
Non-response rates as high as 50 per cent or more have frequently been reported. 
Some elements of the sample slmply will not be found, others will refuse to par- 
ticipate either completely or In part. In addition data, and sometimes whole sub- 
jects, will be lost due to clerical inaccuracy The extent of data lost for this reason 
alone is seldom reported, but is usually surprisingly hlgh, e g. as much as 8 per 
cent (Schofield et al., 1992) Response rate is influenced by such design matters as 
the appearance of a questionnaire, ~ t s  layout, length and readability The details of 
these topics are dealt with elsewhere in this course, but they are introduced 
briefly here because of the important influence on error in sample survey 
research. Information on such matters will be sought in pilot studies, in which 
different versions of a survey instrument can be tested. Sample loss for these rea- 
sons is likely to introduce bias, because it might increase the proportion of more 
persistent or better educated respondents. 





UNIT 8 SAMPLE SURVEYS 

that they might expose themselves, and be judged in some way by the responses 
they make To lose such individuals selectively would very likely reduce the 
representativeness of a survey sample. To increase sample size whilst continuing 
to lose such individuals would in no way help, and could lead to comparatively 
stronger influence from, perhaps, initially small biasing groups. 

Whether information is collected by questionnaire or by interview, positive effort 
should be made to follow up non-responders. Even when second copies of a 
questionnaire are sent out, or repeat interviews arranged, response rates above 
about 80 per cent are seldom achieved The task for the researcher, who wants 
sample results which truly represent the population studied, plus information 
which will help evaluate how far this objective has been achieved, is to get as 
much information as possible on those individuals who are still missing when all 
possible action has been taken to maximize response rate. 

For this reason the records of individuals who have made only partial, or even nil, 
response should never be dropped from a data set. Usually information will be 
available on some variables, for example geographical region, home address, per- 
haps age or sex. Analyses can be made to see if the missing individuals are at 
least randomly distributed throughout the sample in terms of these measures, or 
grouped in some way which might help identify the possible direction and extent 
of bias on other measures for which there is no data. 

Even better would be a small follow-up survey of a random sample of non- 
responders possibly involving home visits and/or the offer of incentives, so that 
reliable predictions can be made about the likely characteristics of all non- 
responders In some circumstances this could be counter-productive in that inter- 
viewer/respondent reactivity might be increased. One way or another, however, 
the problem of non-response has to be tackled. Vagueness or, worse, total lack of 
information on this topic, is no longer permissible. 

6 CONCLUDING REMARKS 
This unit has dealt with methods and problems of designing sample surveys, and 
has related these to the wider research context where ultimately the validity of 
findings will rest on how well the sample represents the population being 
researched We have seen that the quality of the inferences being made from a 
sample will be related to both sample size and sampling method. We have seen 
that provided a probabilistic method has been used then a reliable estimate can be 
made of the extent to which the sample results will differ from the true population 
values, and that error of this type is known as sampling error The methods dis- 
cussed included both simple and stratified random sampling, systematic sampling, 
and cluster sampling, and also non-probabilistic methods such as quota sampling. 
Selecting the best method for any particular research will usually involve com- 
promise, and will be a matter of balancing the level of precision required, in terms 
of the width of the error estimates, against feasibility and cost. 

We have also seen that error from many other sources - non-sampling error - 
will have to be taken into account when planning survey research and when 
evaluating results. Major sources of non-sampling error which have been dis- 
cussed in this unit include faulty selection of the sampling frame, as in the 1936 
Presidential election survey, and non-response. There are many others, such as the 
instruments used for collecting the information, e.g. schedules, questionnaires and 
observation techniques. The problem for researchers is that however well they 
plan the technical side of sampling and calculate estimates of sampling error of 
known precision, non-sampling error will always be present, inflating overall 
error, i e. reducing representativeness. Estimating the extent of this is a matter not 
of mathematical calculation, although statistical procedures can help, but of scien- 
tific judgement, based on an awareness of what problems are likely, as well as 
common sense. 
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ANSWERS TO ACTIVITIES 

ACTIVITIES 1 AND 2 

In Sections 1 and 2 of this unit restricted meanings have been given to the follow- I 

ing words: 

Population for Activity 1 you probably noted that a population was a collection 
of elements and gave such examples as those given in the section on sampling, 
e.g. all the children under 5 years old in the UK. For Activity 2 you poss~bly 
amended this to say that a population was a collection of elements about which 
inferences were to be made, but of course the examples would be unchanged. 

Element: an element is the object, quality, process or individual on which a 
measurement has been taken, e.g individual children in a population sampled. l 

l 

Sample: a sample is a set of elements selected in some way from a population, 
and which is to be used to make inferences about that population. More precisely, 
a sample is a collection of sampling units (each containing one or more elements) 
drawn from a sampling frame. I 

Population parameter. population parameters are statistics, such as the mean, or a 
proportion, and their standard deviations, calculated using all of the elements of 
the population, and not just a sample of these Such parameters are usually 
unknown 

Sample statistics. a sample statistic is a statistic calculated from the data in a sam- 
ple, e g. a mean, or a proportion, or standard deviation, and which is used to 
estimate the value for the same statistic in the population from which the sample 
was drawn I 
Sampling e m r :  developing the concept of sampling error more fully is a major 
task in this unit, but at this stage it can be thought of as the error introduced by 
estimating, for example, a mean from the data in a sample, rather than from 
measurement of every element in a population 1 
Sampling units sampling units are collections of elements which do not overlap, 
and which exhaust the entire population. For example in a national survey sam- 
pling units could be geographical regions. 

l 
Sampling frame. a sampling frame is a list of sampling units. It provides access to l 

the individual elements of the population under study, either via sampling units, 
or directly when the population elements and the samplmg units are identical 

Bias: bias in this unit is defined as any effect on data which moves the calculated 
value of a statistic (such as the mean) further from the population value than 
would have been the case if that effect were not present such that repeated sam- 
ples influenced by the same bias would not be centred around the population 
value. 

It is important to learn and understand the technical definition of these words, and 
many others which follow later in the unit, so that sampling methods and prob- 
lems in sampling can be established and discussed without amb~guity. 

ACTIVITY 3 

The main advantages of a sample survey over a full census is that d will be easier 
and cheaper to set up, manage and analyse than a full census Although the 
results based on a sample will, in theory, be less accurate than if the whole popu- 
lation had been included (assuming this to be possible), this might not be the case 
in practice. Many sources of bias - for example management problems, faulty 
measurement, lost or corrupted data - will potentially be present whichever 
method is used, and w~ll  be easier to control in a tightly constructed and managed 
survey than in a full census 



UNIT 8 SAMPLE SURVEYS 

ACTIVITY 4 

The table, with the missing entries added, is shown below The first of these, in 
the fourth column, is the sample size (n) for proportionate sampling This was 
found by calculating 45 5 per cent of the total sample of 400. This gave a sample 
proportion of n = 182 for representation of 16-year-old school leavers. Similar cal- 
culations were made to find the other sample proportions For the disproportion- 
ate method the total sample was divided into three equal groups, one for each 
school leaving age, without taking into account the differing incidence in the 
population of each of these groups. 

Table l (completed) 

Proportionate Disproportionate 
Percentage 

School total in 
leaving Population each sample sampling sample sampling 
age size stratum size fraction size fractiona 

16 2,730 45.5 182 1/15 134 1/20 

17 1,950 32.5 130 1/15 134 1/15 

18 and 1,320 22 0 88 1/15 134 1/10 
over 

Total 6,000 100.0 400 1/15 402 1/15 

a The denominators for the disproportionate samplmg fractions have been rounded to 
glve whole numbers 

Compare your note on the sampling method you would choose with the expla- 
nation given in the three paragraphs following the activity in the text, where sev- 
eral non-statistical reasons are given for balancing the various alternatives. If you 
have not included the points discussed in your note, it would be a good idea to 
add a summary of them now to aid your end of course revision. 

ACTIVITY 5 

Your advice in answer to the first question would probably involve pointing out 
the difficulty of conducting random sampling across two school years in all the 
infant and junior schools in a Local Education Authority. You would mention the 
time and financial cost, and the difficulty of followmg up those absent from school 
when the survey was conducted if these were spread across the whole school 
area. You would probably then suggest cluster sampling, and ask for more infor- 
mation on what the objectives of the survey were to be. 

To the researcher proposing a multivitamin intervention you would agree that ran- 
dom sampling within the cluster would be the best procedure from a theoretical 
point of view, assuming an appropriate research design. But you would advise the 
researcher intending to introduce a computer into a classroom for some children 
to use (those randomly sampled), and others not to use, that this would be 
impracticable, and certain to bias population estimates and to inflate sampling 
error. You would suggest that cluster sampling should be used throughout, i e. 
that the intervention should be given to intact classes, rather than individual chil- 
dren, and that the classes to receive the intervention should be chosen at random 

ACTIVITY 6 

Clearly a probabil~stic method would be preferable since this would permit a valid 
estimate of the extent of sampling error As the population of interest is all the 
adults in the UK, a simple random sample would be costly and difficult Precision 
relatlve to sample size could be increased by appropriate stratification, and thus 
you would recommend a stratified random sample. 
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ACTIVITY 8 

The mean of the first set of figures is 3, and the mean of the second is also 3. The 
two standard deviations are, respectively, 1.414 and 4 517. In other words, the two 
sets have the same mean but very different standard deviations because they differ 
greatly in the way the individual values are d~stributed about the mean. The aver- 
age of this dispersion (the standard dewation, SDI is much greater for the second 
set than for the first 

ACTIVITY 10 

The standard errors given in Table 4 have been calculated by dividing the stan- 
dard deviations in Table 2 by the square root of the sample size. 

The lower extreme of the 95 per cent confidence interval was found by subtract- 
ing 196 times the standard error from the sample mean. The upper limit was 
found by adding the same value to the sample mean Strictly the multiplier of 1.96 
is only accurate for larger samples than those in the table, but small sampling 
theory is not dealt with in this unit If to s~mplify the calculations you rounded 
1.96 up to 2.0 then your interval may be sl~ghtly wider than those given in Table 
4 

Table 4 

Variable Standard error, S 95% confidence interval 

Age 0.10 years 

Birth weight 0 09 kg 

Weight 0.26 kg 

Mother's age 1 13 years 

0.97 to 1.37 years 

2.47 to 2.83 kg 

6.02 to 7.04 kg 

21.63 to 26.06 years 

ACTIVITY I I 

As randomization would be totally missing no valid estimate could be made of 
sampling error. In addition there would be a high risk of non-sampling error from 
some speclal feature of the classes, not known to the researcher, but presumably 
motivating the head teacher's insistence. In these circumstances the study would 
be better not undertaken at all 

Random samplmg from two pre-selected classes would certamly improve the situ- 
ation in so far as sampling error 1s concerned, but the sample so obtained would 
only be representative of those two pre-selected classes. Generalization of findings 
to a wider context could only be on the basis of judgement outside the research 
itself. The mfluence of non-sampling error (which would in turn inflate the esti- 
mate of sampling error) would depend, amongst other things, on the nature of the 
intervention, and would be great if there were reactivity between sampled or non- 
sampled children or from classroom staff in relation to this. 

ACTIVITY 12 

You will probably want to accept the decision to use rapdom sampling, provided 
that an appropriate sample frame is available, and also that there is sufficient 
figance to cover the cost of obtaining a sample of the size needed for the required 
precision You will then pomt out that with an expected response rate of 40-50 
per cent the sample is not likely to be representative of the population of interest 
as the non-responders are likely to differ in important ways from those who do 
respond. Merely increasing sample size will be costly, and wdl not help. You 
would suggest that the additional money should be spent instead on making a 
second, and even a third, approach to non-responders; doing analyses on what- 
ever limited data is avadable for the non-responder to see how they dlffer from 
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those who do respond, or setting up a small random study of the characteristics of 
non-responders, perhaps by visiting their homes, or offering an incentive for 
participation. 

FURTHER READING 
Moser, C.A and Kalton, G. (1971) Suruey Methods in Social Investigation, London, 
Heinemann 

Although somewhat dated, this remains a standard text for material covered in this 
unit. 

Scheaffer, RL ,  Mendenhall, W and Ott, L. (1990) Elementay Suruey Samplzng, 
Boston, PWS-Kent 

A further elementary text, recently revised, which includes some of the mathemat- 
ical derivations of sampling methods, but with many practical examples of surveys 
and methods. Useful later if you have the task of designing a survey. 

Lipsey, M W (1990) Deszgn Sensitzvzty, Newbury Park, California, Sage. 

A short and fairly readable text on statistical power in social science research. It 
includes charts for determining sample size, and is mentioned here so that you 
have a reference to a source of information on this. 
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