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Reliability Problems of the Datum:
Solutions for Questionnaire Responses

Tony Bastick
University of the West Indies

Introduction

Reliability is traditionally computed from the variability of responses. The single datum
offers no information on its variability, from which its reliability may be calculated. However,
there are myriad occasions when we only have a single response. For example, a particular
numerical questionnaire response may be carefully considered or may be just a token answer
given by an inconvenienced respondent. We can use lie scales which require question redundancy
and so are relatively inefficient indicators of reliability. Otherwise, we are required to equally
weight our data points in any subsequent statistical analyses, when it is apparent that is not
necessary appropriate.

It is noted that when upper and lower bounds are estimated, the range of the estimates is an
indicator of the credibility of the mid-range response. Hence, this paper posits that we could ask
for upper and lower bound estimates rather than a single response and use their range to compute
more credible measurers of the mid-range response. An empirical example is given illustrating
that a significant but misleading negative correlation is reversed to a significant positive correlation
when such a reliability correction is applied. Measures that use this reliability correction method
are given for common uses such as those involving Liken scales and regression analysis.

When one answers the question "How far is it to that distant hill?" the absolute error is
likely to be greater than when one answers the question "How long is your finger?". However,
many of the statistical tests we commonly use to analyse such responses require that the errors
are independent of the true response. Clearly they are not. This paper suggests how we can
design questionnaires to capture errors of estimation and use them to compute More Credible
Measures (MCMs) for our analyses.

When a respondent is asked for two estimates, an indication of the respondent's confidence
is simply the closeness of the estimates. For example, if two painters were asked to estimate the
cost of painting a house and the first painter estimated between $1000 and $7000 and the second
painter estimated between $3800 and $4200 we would assume that, even though the mean
estimates are identical, the first mean estimate is less credible than the second mean estimate.
MCMs use this increased credibility of closer estimates.

To use MCMs for questionnaire analysis we ask for two estimates that we then use as an
upper (u) and lower (1) estimate. We can then modify the mean response by using the range (u-1)
to give a MCM of the response.

Bastick, T. (1999, July). Reliability Problems of the Datum: Solutions for Questionnaire Responses.
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A simple MCM illustrated in this paper is the mid-estimate divided by the range and reported,
more intuitively, as a T-score. An example is given of 10 respondents who were asked their age
(a) and how often they had prayed (p) the previous week. The misleading correlation of -0.8850
is reversed by using this MCM of p, giving a correlation of +0.8349. The data are scrutinised to
show why this is so. Practical suggestions are given on calculating other MCMs and on how to
ask MCM questions in questionnaires.

This paper looks at a reliability problem associated with estimation responses from questionnaires.
Questionnaires frequently ask questions that require estimation responses - for example. "Approximately
how much did you spend on going to the cinema last year?". Commonly these estimation responses are
requested in the form of Likert responses. For example, "Please tick one of the following: Last year the
amount I spent on going to the cinema was (1) more than usual, (2) the normal amount or (3) less than
usual".

A problem associated with this common kind of response is the unknown reliability of the response.
The 'unknown reliability' problem, is simply that one response may be carefully considered whereas another
may just be a 'token' response, carelessly given with little consideration. Also, there are 'errors of size';
that is larger estimates tend to involve larger errors. For example, the absolute error in estimating the
length of your thumb is likely to be a lot less than the absolute error in estimating how far it is to a distant
hill. However, subsequent use of linear models, such as regression and correlation, assumes that the reliability
of an estimate is independent of its size (Mendenhall, Scheaffer & Wackerly, 1986, p. 455; Stevens, 1986,
p. 52).

We have no way of knowing the reliability of each single response, so we have to treat them all the
same in our analyses. This paper suggests that a simple way to solve this problem is to ask for two estimates
and treat them as upper and lower estimates, instead of asking for the usual single response, and to use
these estimates as outlined here.

The 'unknown reliability' problem
Some respondents may be thoughtful and give carefully considered responses. Other respondents

may quickly rush through the questionnaire giving token responses. Even within the same questionnaire
responses may be given with different care and consideration. Also, larger estimates are likely to have
larger absolute errors. It is important to take into account the differing reliability of these responses and not
treat them as equally credible and contributing equally relevant information to our analysis. Current methods
of identifying estimates of low reliability, as outlined below, are crude and are unable to incorporate
differences in reliability of responses into subsequent statistical analyses.

The traditionally way of calculating reliability is to use many independent measures of the same
thing. When we ask for a single estimate response, we have no way of judging its reliability. It is impractical
to ask the same question in the same form a sufficient number of times to calculate a reliability coefficient.
If we did this the respondent is likely to answer with a memory of previous responses to the same question
rather than answer with independent responses. It is also not acceptable to repeat identical questions on the
same questionnaire. Hence, we are obliged to consider each response as equally reliable. However, it is
clear that responses vary in reliability.
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Lie scales are used to indicate low validity or low reliability. For example, a cumulative validity index
of unlikely responses can be used to identify the respondent's projection of false values. The IM, INF and
ACQ scales of the 16PF (Russell & Karol, 1994, p. 21-25) are examples of a cumulative validity index.
Similarly, respondents who answer 'carelessly' may be identified by false boolean combinations of their
responses e.g. the 12 year old parent of 3 children. In this example we would need to look at further
combinations to decide if it was 'being 12 years old' or 'a parent of 3 children' that was the unreliable
response. These false boolean combinations are used as indicators that the respondent is answering other
questions unreliably. It is then a value judgement on the part of the researcher whether to include all or part
of the other information from this respondent. The information, if included, must be given the status of full
reliability in subsequent statistical analyses.

It is difficult to check the reliability of single responses using this method of false boolean combinations.
Further, it only checks the reliability of crude category inclusion and not the reliability of the size of
numerical estimates.

More Credible Measures solution

Although the between 6 and 20 is the preferable number of estimates to include in a composite
measure (Ashton, 1986; Hogarth, 1978) it has been shown that most advantage comes from the first two or
three estimates (Libby & Blashfield, 1978; Makridakis & Winkler, 1983). By asking for two estimates for
the same question, we need only ask the question once and we can use the range as an indication of the
reliability of the response. For example, suppose we asked two house painters to each give us an upper and
lower estimate for painting our house. If the first said between $3800 and $4200 (range $400) whereas the
second painter estimated between $1000 and $7000 (range $6000), we could assume that the first painter,
who gave the much smaller range, is more confident in the estimate than the second painter who gave the
much larger range - even though their mean estimates are the same ($4000). Bastick (1979) did a series of
these double estimate experiments. He found that subjects who gave closer estimates also scored higher on
psychological and physiological measures of confidence in the correctness of their estimates.

Previous studies have shown that simply averaging multiple estimates is a very effective method of
reducing forecasting errors (Clemen, 1989; Ferrell, 1985; Zajonc, 1962) and a recent study by Bastick
(1999) indicates that the mid-double estimate can be more accurate than a single estimate. Hence, following
these research findings we should average the two estimates and then use this mid-double estimate in place
of the usual single estimate. This more accurate measure can then be further corrected according to its
reliability by using the range between the two estimates as an indication of its reliability.

Illustrative questionnaire example

The ten respondents in this example are educationalists from countries in the South Pacific. During
their attendance at a Summer school on advanced research methods they were asked to give their age in
years and to give a lower and upper estimate of the number of times they had prayed during the previous
week - religion is quite prominent in the Pacific island cultures. The results are shown in Table 1.

The first three columns of Table 1 show these responses. The other columns show More Credible
Measures derived from the respondent's upper and lower estimates. The last three rows show each column
mean, standard deviation and each column correlation with the subject's age.
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Table 1: More Credible Measures derived from subjects' double estimates

1 2 3 4 5 6 7 8

19 7 17 12.0 10 1.2 41.7 3.5
23 6 12 9.0 6 1.5 44.5 4.2
38 4 7 5.5 3 1.8 47.5 5.1

51 2 3 2.5 1 2.5 53.6 6.9
53 3 4 3.5 1 3.5 62.8 9.6
45 2 4 3.0 2 1.5 44.5 4.2
29 4 10 7.0 6 1.2 41.4 3.4
58 4 5 4.5 1 4.5 71.9 12.2
38 4 7 5.5 3 1.8 47.5 5.1

34 4 8 6.0 4 1.5 44.5 4.2

Mean 4 7.7 5.9 3.7 2.1 50 5.9
St.Dv 1.56 4.32 2.91 2.91 1.09 10 2.91
Cor -0.78 -0.91 -0.88 -0.93 0.83 0.83 0.83

Column 1: Age
Column 2: Lower estimate
Column 3: Upper estimate
Column 4: Mean estimate
Column 5: Range (r)
Column 6: Mean estimate/Range
Column 7: Mean estimate/Range as a T-Score - N(50,102)
Column 8: Mean estimate/Range standardised to the Mean estimate - N(5.9,2.012)

We may consider that the Mean estimate is equivalent to, or more accurate than (Bastick, 1999), the
traditional single estimate that would have been given if we had simply asked for the number of times they
had prayed the previous week. Note that the correlation of Age with this Mean estimate is -0.88 (p<0.001)
which might lead us to suppose that praying decreases with age. However, we also note that the correlation
of Age with the More Credible Measure of the Mean estimate 'corrected' for reliability by dividing by
Range (Column 6) is +0.835 (p=0.003). This would lead us to the opposite supposition that praying increases
with age.

When we look more closely at the data we can see the reason for this. The reason is that the younger
the respondents are then less there reliable they tend to be in their responses. This is shown by the correlation
of -0.93 (p<0.001) between Age and Range. This effect would not have been revealed if we had not used
this More Credible Measure.
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Theory of More Credible Measures

This particular MCM, mid-double estimate divided by the range, tends towards 0.5 as the lower
estimate tends to zero, so appropriately counteracts the unreliability of the younger age group. However,
other MCMs may be more suitable for other data and other purposes.

Suitable More Credible Measures may be calculated for particular common uses. For example, one
minus the Range divided by Maximum range 1-(r/M), may be interpreted as the amount of information
`I' in a response. This is because there is no information in the response when the upper and lower estimates
coincide with the maximum and minimum values; and there is maximum information when the range is
zero. The Maximum range of an L point Likert scale is of course L. A very common use of 'I' would be to
`correct' a regression analysis for the reliability of each response by multiplying its distance from the
regression line by the amount of information it contains.

We can also use the sum of the information in the points, rather than the sum 'n' of the points, to
calculate significance.

Practical considerations for MCM data collection

As it is not yet usual to ask respondents for double estimates, it might be advisable to prepare them for
this type of response before actually asking your double estimate questions. Asking for a double estimate
may be presented as an advantage to the respondent. A respondent might worry because it is sometimes
difficult to give an estimate to the degree of accuracy that they would like.. The respondent can be more
confident that the exact number is between some lower and upper close estimate. This advantage can be
phrased appropriately for the respondents and relevant practice questions given first if necessary. We will
also have more options for calculating MCMs if we phrase the questions so that we get a non-zero range
e.g. ask for two different whole numbers, one representing the least and the other representing the most.

Another practical consideration is in the reporting of the More Credible Measure. It is more intuitive
to report it with the same mean and standard deviation as the Mean range, or perhaps as a T-Score, as in
columns 8 and 7 of the table above, or as some other 'pseudo-percentage' scale.

Summary
Questionnaires often ask for estimates and these estimates are given with different reliabilities.

Currently, it is difficult to know the different reliabilities of single estimates and to take these into account
in subsequent analyses. A practical example has been given to show that not taking the reliability of
different responses into account can lead to erroneous conclusions. A solution is suggested in which two
estimates are requested which are used as upper an lower bounds. The mean of this double estimate then
acts as equivalent to, or more accurate than, the traditional single response and the range can be used to
calculate More Credible Measures. A particular example of a More Credible Measure is the mid-double
estimate corrected for its unreliability by dividing it by the difference in these two estimates. Other More
Credible Measures, based on double estimates, are suggested for regression and correlation analysis.

If respondents are unused to giving upper and lower estimates, this can be presented as an advantage
and practice questions may be given before the main questions are asked. If it is necessary to report these
More Credible Measures, then it is more intuitive to present them as 'corrected' responses with the same
means and variances as the original mid-double estimates. More Credible Measures seem potentially
important because they are a simple solution to a difficult problem that affects one of the most common
social science research instruments - the ubiquitous questionnaire.
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