
2 Measurement, Forms and
Questionnaires

Summary

This chapter emphasises for all studies the importance of taking appropriate
measurements. From a statistical perspective the different types of measures are
described. The importance of clearly defining the measurements needed and how, when
and by whom they are to be taken are underlined. The particular value of blind
assessment where possible is stressed as are the importance of carefully making the
observations with sufficient precision, avoiding bias and recording the data in a suitable
medium. The basic structure of forms for recording data and the types of questions they
may contain are reviewed. In addition, questionnaires used as instruments for
measuring, for example, quality of life, are discussed. We include some general
pointers to good design of forms and questionnaires.

2.1 INTRODUCTION

An important aspect of study design is the choice of measurements to be made and
observations to be recorded. Once identified, details of how and when these measures
are to be taken have also to be considered. This is often conveniently done using
(previously designed) forms or possibly coding sheets if the data are relatively sparse,
and these can be keyed directly into a database. It is important that any forms are clear,
easy to complete and readily transferable to the database. In certain situations, a form
may be in the format of a questionnaire to be completed by a subject recruited to the
study. The distinction between a form and a questionnaire is that a questionnaire is an
‘instrument’ which ‘measures’ something, perhaps the quality of life (QoL) status of a
patient, whereas a form merely records information. In practice a questionnaire
instrument, may contain ‘form-like’ questions such as asking for gender and date of
birth as well as the instrument variables themselves.

2.2 TYPES OF DATA

An integral part of the design process is the choice of endpoint measures and their
corresponding data types. The type influences the final approach to analysis that will be
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necessary and this reflects back on the study size required. Thus, although we will give
some general expressions for study size in Chapter 3 and further expansion in
subsequent chapters, these will have to be selected and/or modified depending on the
type of outcome measure chosen.

QUALITATIVE DATA

Nominal or Categorical Data

Nominal data are data that one can name, thus they are not measured but simply
counted. They often consist of unordered ‘either-or’ type observations, for example,
Dead or Alive; Male or Female; diagnosis of Sudden Acute Respiratory Symptoms
(SARS): Yes or No. However, they can have more than two categories, for example,
country of origin, ethnicity or blood group: O, A, B, AB.

Ordered Categorical or Ranked Data

If there are more than two categories it may be possible to order them in some way. For
example, after treatment patients may be either improved, the same or worse; the
diagnosis of SARS may be suspected, probable or definite.

In some studies, it may be appropriate to assign ranks. For example, patients with
rheumatoid arthritis may be asked to order their preference for four dressing aids. Here,
although numerical values are assigned to each aid, one cannot usually treat them as
numerical values. They are in fact only codes for best, second-best, third choice and
least preferable.

NUMERICAL OR QUANTITATIVE DATA

Numerical Discrete

Such data are counts 0, 1, 2, and so on, for example the number of SARS cases
confirmed in Hong Kong on a particular day or the number of babies born on that day.

Numerical Continuous

These are measurements that can, in theory at least, take any value within a given
range. Examples are maternal age (year), the birthweight of a baby (g), and height (cm).
Continuous data are sometimes dichotomised to make nominal data. Thus diastolic
blood pressure (DBP), which is continuous, is converted into hypertension
(490mmHg) and normotension (490mmHg). This clearly leads to a loss of
information, but can make the data easier to summarise.

Survival Time

The measure of interest can be a time variable such as the time from randomisation into
a clinical trial until the patient experiences a particular event, for example, the healing
of their burn wound. The key follow-up information will be that which is necessary to
determine healing. For example healing might be defined as when all the damaged body
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surface area finally closes. To establish this, the burn area may have to be monitored on
a daily basis to determine exactly when this final closure is achieved.

For those patients in which healing occurs, the time from randomisation to healing
can be determined in days by calculating the difference, t, between the date of complete
healing and the date of randomisation. For those whose wound does not heal with
medical treatment, but have to be excised or amputated, then the time from
randomisation to this can be assessed but not then their healing time. Their data are
therefore classified as censored at the time of operation. The time from the date of
randomisation to this censoring date is termed Tþ . The eventual analysis of these
‘survival’ times, which involves either a t or a Tþ for every patient, will involve
Kaplan–Meier estimates of the corresponding cumulative survival curves, where
‘survival’ is in fact the ‘healing time’.

2.3 MEASUREMENT

CONCEPTS AND INDICATORS

It is useful to clarify what is being measured and what it measures. A concept is what we
hope to capture. It can be solid, such as a dog, or subjective, such as quality of life. An
indicator is what we use to describe the concept. For example, the number of legs,
presence of a tail and a bark are indicators of a dog. The questions in a quality of life
questionnnaire are indicators of Health Related Quality of Life (HRQoL).

ENDPOINTS

Assessments

The protocol for every preclinical, clinical or epidemiological study should detail the
assessments to be made on the experimental or observational units involved. In all
studies their objectives will usually define the endpoint or endpoints that will be used in
assessing the results. Such endpoints clearly depend on the type of study concerned.
They may range from simply recording variables such as gender and birthweight of
babies born in a particular delivery unit, to standard clinical measures such as systolic
(SBP) or diastolic blood pressure (DBP), to the date of death of patients with AIDS, to
highly complex measures of tumour response in patients with juvenile leukaemia.

For each variable the method of measurement or assessment should be clearly
defined. There will rarely be difficulty in determining gender at birth, but exactly when
and how the baby’s weight is determined may need some more thought. For example: Is
the newborn baby cleaned before weighing? Are the scales of sufficient accuracy for the
purposes intended? To what accuracy should weight be recorded? How often are the
scales calibrated? Are the same scales used for all babies?

It is good practice to define which of the measures taken is the major endpoint of the
study as this will be used to help determine study size and it will also be the main focus
for the final evaluation and reporting. This needs to be observed with particular care
and objectivity. In many situations, there may be several endpoints of interest, but it is
important to rank them in order of priority or at least to identify those of primary and
those of secondary importance.
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In clinical studies some of the assessments made may focus on aspects of the day-to-
day care of the patient whilst others may focus more on those measures which will be
necessary in order to determine the study endpoint(s) for each subject. It is important
that these assesssments are well defined and that endpoints are unambiguously defined
so that they can be determined for each patient recruited to the study. Even with
everyday clinical measures, such as oral temperature and BP, in the context of a study it
will be necessary to define how these are to be taken. For example, a physician may
only need to know if the temperature of the patient is elevated, say beyond 37.58C, or
that the BP is low or high, in order to make a diagnosis. However, in a study it may be
important to record precisely the temperature, and both SBP and DBP, as the study
may be investigating the change in these values following a specific intervention. In
addition it will be important to specify precisely how (and when) the measure is to be
taken, for example, for BP using a particular type of sphygmomanometer and after the
patient has been supine for 5 minutes.

It is particularly important to assess carefully the implications of those measures
which initiate a course of action if their value reaches a certain level. For example, in a
clinical trial of patients with burns, one may state that ‘patients are expected to be
discharged from the hospital burns unit once their wound has healed to a sufficient
degree’. However, how is ‘sufficient degree’ defined so that it can be unambiguously
observed in each patient? In practice, it may depend more on the support available ‘at
home’ for the patient once discharged rather than the intrinsic condition of the burn
wounds themselves. In which case, this definition may lead to discharge of the patient
and thereby prevent assessment of the wound for the purposes of a clinical trial to
determine the relative efficacy of alternative treatments for wound management.
Although such a vague definition may be informative enough if the study was designed
to estimate length of hospital stay so that the (hospital) costs of treating such patients
could be estimated.

If blood, urine or other samples are to be taken, once again ‘when’ will need to be
specified but also, once obtained, the exact manner in which these are to be handled,
stored and tested will need to be detailed. If these are passed to a reference laboratory
for analysis then their procedures too have to be such as to satisfy the study
requirements.

Single Measures

In some studies a single measure may be sufficient to determine the endpoint in each
subject. For example, the endpoint may be the DBP measured at a particular time, say
28 days post-randomisation to treatment, in each patient. In this case the groups will be
summarised by their respective mean DBPs. In some situations, the endpoint may be
patient response, for example, the patient becomes normotensive following a period of
treatment. Those who respond are termed successes and those who do not, failures. In
this case, the groups will be summarised by the proportion of responders. If, on the
other hand, the patients are categorised as: normotensive, still hypertensive but DBP
nevertheless reduced, or still hypertensive and DBP not improved, then this would
correspond to an ordered categorical variable. Alternatively, the endpoint may be
defined as the time from randomisation and inception of treatment to the time when the
patient becomes normotensive. In this situation repeated (say daily) measures of DBP

MEASUREMENT 21



will be made until the value recorded is normotensive (as defined in the protocol). The
interval between the date of randomisation and the date of recording the first
occurrence of a normotensive recording is the endpoint measure of interest.

Multiple Measures

In certain circumstances, there may be more than one possible location for the measure
within a subject. For example, in determining whether or not a subject has glaucoma,
the left, the right or both eyes may have the disease. Similarly, there may be evidence of
failure in the left, the right or both kidneys. An extreme example is whether or not each
individual tooth is affected by caries. In many cases these may be reduced to a single
primary measure such as the number of teeth with caries or the ordered categorical
variable, 0, 1 or 2 eyes have evidence of glaucoma, as appropriate. On the other hand, it
may be advantageous to keep these aspects as distinct. For example, if we were
concerned with the healing of burns then there may be more than a single (distinct) site
of injury. Monitoring the progress of all sites may lead to a more efficient statistical
design which then ultimately leads to fewer patients being required to enable the
research question to be answered reliably. However, at the analysis stage due account
that multiple sites are being monitored within each patient is essential. It is a mistake to
regard these observations as independent as they come from the same individual.

Repeated Measures

In the trial taking repeated DBP assessments, these are recorded in order to determine a
single outcome – ‘time to becoming normotensive’. In other situations, all the successive
values of DBP themselves may be utilised in making the formal comparisons. If the
number of observations made on each subject is the same, and the intervals between
successive observations is the same for all subjects, then the analysis may be relatively
straightforward, perhaps using repeated measures of analysis of variance. On the other
hand, if the numbers of observations recorded varies, or if the intervals between
successive observations vary from patient to patient, or if there is occasional missing
data, then the summary and analysis of such data may be quite complex.

Multiple Endpoints

If there are too many endpoints defined, the multiplicity of comparisons then made at
the analysis stage may result in spurious statistical significance. This is a major concern
if endpoints for HRQoL and health economic evaluations are added to the already
established, more clinical, endpoints. As we have indicated, for design purposes it is
essential to focus on the major (and few) key endpoints and it is these same endpoints
that provide the focus at the analysis and interpretation stages once the study is
complete. Any secondary level endpoints should be identified as such at the planning
stage and the manner in which they are to be summarised and reported indicated. Often
less formal statistical comparisons will be made of these than for the principal
endpoints.
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Objective Criteria

In certain situations, there is not necessarily an obvious measure to take. For example,
although one may regard tumour shrinkage as a desirable property of a cytotoxic drug
when given to a patient, it is not immediately apparent how this is to be measured. Were
every tumour of regular spherical shape, the direction in which it is measured would be
irrelevant. Furthermore the diameter, a single dimension, leads us immediately to the
volume of the tumour. However, no real tumour will comply with this ideal geometrical
configuration and this has led to measures such as the product of the two largest
(perpendicular) diameters to describe the tumour and then a reduction in this product
to indicate response.

Precisely what is the best measure to assess tumour shrinkage has been discussed by
an international panel and reported in detail by Therasse, Arbuck, Eisenhauer et al.
(2000). They offer guidelines to encourage more uniform reporting of outcomes
particularly for clinical trials. Investigators of future trials may argue about the fine
details, and no doubt in time these guidelines will need revision, but they would be
foolish to ignore these recommendations when conducting and subsequently reporting
their study.

If there are ‘justifiable’ reasons why other criteria should be used, or the
recommendations cannot be followed for whatever reason, then before the study
commences these should be reviewed by the investigating team. There is little point in
conducting a study using measures not acceptable to other groups, including referees
for the clinical journals, as little note will then be taken of the results. The best option is
to follow the guidelines for the primary endpoint, use the ‘local’ measures for secondary
reporting and contrast the two in any discussion.

Example – marker lesion – oral lichen planus

For patients presenting with oral lichen planus (OLP) to the trial conducted by
the Asian Lichen Planus Study Group (2004) if only a single lesion was present
then this was assessed. If there were multiple lesions, then the protocol defined
a ‘marker’ lesion that was to be assessed. This was defined as the most severe
and extensive OLP lesion. The assessment, with respect to the areas of
erythema, reticulation and ulceration were made using the 0.5 by 0.5 cm grids
of Figure 2.1 printed onto flexible transparent material placed over the affected
area then traced.

In some situations less than optimal measures may have to be used. For example,
although precise levels of pain experienced may be meaured in the ‘laboratory’ such
methodology may not be practical when levels need to be assessed at the bedside. A
practical method of recording pain, or variables such as strength of feeling, is by means
of a visual analogue score (VAS). A patient completes a visual analogue scale by making
a mark on either a horizontal or vertical line. It is useful for measuring aspects that may
be difficult to put into words. When used to assess pain Myles, Troedel, Boquest and
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Reeves (1999) suggest that the VAS behaves as if it is approximately linear (in the sense
that a score of say 4 is twice as much pain as a score of 2). Thus one advantage of the
use of VAS over a closed question format is that it may give an apparently continuous
variable. Nevertheless there is some suggestion that VAS do not correspond to other
methods of valuing health states, and Torrance, Feeny and Furlong (2001) express
doubts over their use in this particular context. Also, because individuals tend to be
internally consistent, VAS are good when measuring change within individuals, they are
not so good when comparing across individuals.

Example – VAS – pain assessment

Ang, Lee, Gan et al. (2003) in a clinical trial of patients with severe burns used
a VAS to assess the pain levels experienced by the patients. It is usually
preferable that the patients make such assessments themselves, marking their
pain level experienced on a 10-cm VAS. However, when designing the trial the
authors anticipated that some patients would have burns which affect their
ability to write easily, some would be too ill to complete the task, whilst others
would have language and literacy issues. As a consequence, for this trial, the
responsible nurse used as necessary, the less refined verbal alternative
administered in a local language or dialect familiar to the patient and assisted
the patient to mark the scale when needed. An example of a typical format and
wording is shown in Figure 2.2.

It is clear from this example, that the study design team need to be aware of the
difficulties involved and to make adjustments to their methodology in the light of
these.
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Figure 2.1 Flexible transparent grid used for marking and quantifying areas of recticulation,
erythema and ulceration in patients with oral lichen planus (adapted from Harpenau, Plemons
and Rees, 1995. Effectiveness of low dose cyclosporine in the management of patients with oral
erosive lichen planus. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiological Endod, 80,

161–167. [2])



Surrogates

Sometimes it may be that the true endpoint of interest is difficult to assess for whatever
reason. In this case, a surrogate may be sought. For example, when investigating the
possibilities of a novel marker for prognosis it may be tempting to use disease-free
survival (DFS) as a ‘surrogate’ endpoint for the overall survival (OS) time of patients
with the cancer concerned – the reason being that, for many cancers, relapse occurs well
before death and so the evaluation of the marker can occur earlier in time than would
be the case if OS was to be observed.

A surrogate endpoint is a biomarker (or other indicator) which is intended to
substitute for an (often) clinical endpoint and predict its behaviour. If a surrogate is to
be used, then there is a real need to ensure that it is an appropriate surrogate for the
(true) endpoint of concern.

TAKING THE MEASUREMENTS

Single-blind Assessment

It is clearly desirable that all observations are made as objectively as possible. However,
any investigator deeply involved in a study, of whatever type, will be aware of the
hypothesis under investigation and this knowledge may influence (however uninten-
tional) the recordings he makes. Thus, knowledge of the particular intervention that the
experimental unit has received may induce bias into the measurement process.
Therefore, if at all possible, the assessment should be made by someone, or by some
means, with no knowledge of which intervention has been given and the observer is
termed ‘blinded’ in this circumstance.

Double-blind

If the recipient of the intervention can be blinded to the actual intervention given, for
example, in a randomised placebo-controlled trial, then whoever makes the assessment
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cannot be informed of the specific treatment by the subject. If both the participant and
the observer are blind to the therapy, then the measure is taken in a double-blind way.

Triple-blind

Clearly the above blinding from single to double can be extended. For example, in
circumstances where the patient and the nurse who takes the blood sample are blind to
the intervention, it is desirable that the blood sample taken and sent to the laboratory
should be assessed blindly there. Although once at the laboratory for analysis there may
be no difficulty in ensuring the objectivity of the measurement process, if the sample is
labelled in such a way as to indicate the values of the measures anticipated then the
measurement and recording process could be biased in some way by this knowledge.

The ideal situation is that the subject and the assessors are all ‘blinded’ or ‘masked’ to
an appropriate extent. The extent of the blinding depends on the particular study
concerned; a desirable goal is to make assessment double-blind as far as is possible. For
a laboratory sample, this may be easy to achieve, while in other circumstances, such as
taking the pain assessment in patients with burns, this may not be possible. In this latter
case the treatments, two types of dressing, cannot be disguised from the patient or the
nurse. However, swabs taken from the wounds to assess the presence of methicillin-
resistant Staphylococcus aureus (MRSA) can be sent to the laboratory for testing in a
coded format to ensure objectivity at that level.

WHICH OBSERVER

In certain circumstances, it has to be made very clear who is the observer concerned. If
a QoL instrument is being used to assess patients, there are clear guidelines that have
been published by Young, de Haes, Curran et al. (1999) for the clinical trials of the
European Organization for the Research and Treatment of Cancer (EORTC). These
describe the manner and circumstances in which they should be completed. For
example, the patient is the ‘observer’ and is supposed to complete the instrument, in this
case the EORTC QLQ-C30, him- or herself. Only in specific circumstances can a proxy
be used for this purpose and this must then be recorded in the trial documentation.

PRECISION

A question often arises as to whether a continuous variable should or should not be
recorded as a categorical variable for data recording and so for future analysis. For
example, is it better to ‘categorise’ the variable age into three separate categories, say
less than 50 (young), 50–59 (middle-aged) and 60 or more (senior), rather than bother
with their individual ages? The difficulty here is that, despite the relative ease of coding,
the categories are not so intuitive if recorded as 0, 1 or 2 (say) and this may increase the
risk of a recording error. What is more, one is stuck with the definitions used at the
outset and, should they be required to change (perhaps others have used a different
categorisation), then comparisons between studies are going to be difficult. It is usually
best at the recording stage to ‘measure’ the variable as precisely as is reasonable. Most
individuals know their date of birth and the experimenter knows the date of the enquiry
so that age can be easily computed at a later stage. It could then be rounded to
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convenient categories by creating a new variable within the database while preserving
the two dates indicated. However, the direct use of the continuous variables themselves,
rather than the same variable categorised, is often statistically more efficient and will
keep the planned sample size to a minimum.

If the underlying variable is continuous, then the precision with which this is to be
measured has to be defined. This will depend on the ‘ruler’ available for this process.
Observers must be aware of digit preference, so that if any data set is examined one
invariably sees that the last digits of a particular measure, 0, 1, . . . , 9, are not evenly
distributed over their whole range. One solution is to ask all observers to go to 1
decimal place further than the study actually requires and leave the rounding process
until the computational stage.

2.4 FORMS

In general, forms are used to record factual information, such as a subject’s age, blood
pressure or treatment group. They are commonly used in clinical trials to follow a
patient’s progress and are often completed by the investigating team. For forms, the
main requirement is that each form is clearly laid out and all investigators are familiar
with it. However, even if all the data are to be collected by a single investigator (say in
the laboratory) it is still important that this is done in a clear and unambiguous way.
Clarity of the experimental record with respect to the observations taken is becoming a
routine feature of good clinical practice (GCP) that must be adhered to in clinical trials
for regulatory purposes (CPMP, 1995). It is equally good practice for more basic
research to utilise the same standards. In any event, variables, and their names, will
need to be included in a database eventually for further analysis. Thus forms provide a
good ‘aide-mémoire’ for a study conducted some time ago.

LAYOUT

A balance between a cramped and cluttered layout, and a well spaced but bulky series
of forms has to be made. Each form should contain clear instructions about how to
respond to each question. Sometimes more than one response to a question is possible.
It is important to make clear whether you expect a single answer, or whether multiple
replies are acceptable. It may seem obvious, but questions and possible answers should
be kept together; one should avoid having the question on one page and the possible
responses on another.

Example – form design – randomised trial in colorectal cancer

Tang, Eu, Tai et al. (2001) used the form of Figure 2.3 to register and
randomise patients to their clinical trial of open versus laparoscopically
assisted colectomy in patients with colorectal cancer. The top sections of the
form were completed by the clinical team before contacting the central
randomisation office who, once details were confirmed, provided the trial
number (unique for each patient) and the allocated treatment.
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QUESTIONS

Closed Question

Closed questions can be answered by simply completing the answer in a relevant box or,
as for the patient eligibility questions in Figure 2.3, ticking confirmation. When
constructing responses to closed questions it is important to provide a clear range of
replies. For example, this form provides a single box for the (closed) response to the
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question concerning ‘Allocated Treatment’, with permitted responses of either ‘O’ or ‘L’
corresponding to open or laparascopically assisted surgery. Were this form in the
format of a computer screen then entry procedures can be designed to prevent
anything but an O or an L being entered in this space. This cannot be achieved using a
paper-based system. It is more usual in forms to get a numerical answer so that in
Figure 2.4, also part of the trial documentation of Tang, Eu, Tai et al. (2001), the
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responses are 1 (for No) or 2 (for Yes) to the question: ‘Liver metastases present?’. This
is because ‘numbers’, but strictly here ‘codes’, are easier to manipulate in a database
than are alphabetical items. In fact some statistical packages cannot handle character
variables and so all variables must be numeric for them. On this form, the closed
question for ‘Volume of blood lost’ provides the unit of measure, here ‘ml’, required
and an appropriate number of boxes for the numerical value to be recorded. Were the
variable to be recorded with a decimal place then a style of boxes on the form such as,
&&&.&, is a convenient reminder of this.

In most situations dates will also need to be recorded and, because of the different
conventions used, and the transition over the millennium, it is important to indicate
clearly the requisite (boxes) for day, month and year.

Open Questions

In general on forms, open questions are best avoided or at least kept to a minimum. In
an open question respondents are asked to reply in their own words. For example, in
Figure 2.4 there is also an open question: ‘Other complications (please specify)’. In the
context of this clinical trial any responses would be expected to be of one or two words
only from the investigating team, whereas in other circumstances a full description may
be expected.

2.5 QUESTIONNAIRES

A questionnaire, as opposed to a form, can be regarded as an instrument in its own
right although it too may include basic demographic information, as does a form. For
example, it may try to measure personal attributes such as attitudes, emotional states,
levels of pain or HRQoL and is often completed by the individual concerned.

LAYOUT

As with forms, the questionnaire should have clear instructions and an attractive
layout. It helps to reduce bulk by copying on both sides of a page, and reducing the size
of text to fit a booklet format.

It is generally held that shorter questionnaires achieve better response rates than
longer ones. However, it is hard to define what is ‘too long’, and if the topic is relevant
to the subject concerned and if they are motivated to complete it, then length has little
effect on response rates.

Example – question layout – sexual function

Jensen, Klee, Thranov and Groenvold (2004) developed a questionnaire to
evaluate sexual function in women following treatment for a gynaecological
malignacy as a preliminary to a longitudinal study. Part of their final
questionnaire, developed after the due process described by Sprangers, Cull
and Groenvold (1998) was completed, is reproduced in Figure 2.5.
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For questionnaires, particularly ones trying to evaluate something like HRQoL, the
pragmatic advice is, if possible, do not design your own, use someone else’s! There are a
number of reasons for this apparently negative advice. First, use of a standardised
format means that results should be comparable between studies. Secondly, it is a
difficult and time-consuming process to obtain a satisfactory questionnaire.

QUESTIONS

A convenient distinction between forms and questionnaires (although by all means not
always the case) is that the investigating team completes forms while the study
participants themselves complete questionnaires. Thus forms can be short and snappy,
and any ambiguities explained amongst the investigators, whereas questionnaires need
to be very carefully designed particularly with respect to the choice of language they use
to pose the questions. For example, technical jargon, like that scattered throughout the
form of Figure 2.4 is suitable for a specialist surgical team but should be avoided in a
questionnaire.

Closed Questions

Although a questionnaire may include some form-like closed questions, such as asking
for the gender of the participant, there will be others eliciting less directly measurable
information.
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Physical contact and sexual relations can be an important part of many people’s lives. People who
suffer from illnesses involving their pelvic region may experience changes in their sex life.

The questions below refer to this. The information you provide will remain strictly confidential.
Please answer all the questions yourself by circling the number that best applies to you

PART 1
During the past month:

Not at
all A little

Quite a
bit

Very
much

1. Have you been interested in close physical
contact (a kiss and a cuddle)? 1 2 3 4

2. Have you had close physical contact with
your family and close friends? 1 2 3 4

3. Have you had any interest in sexual relations? 1 2 3 4

Yes No
4. Do you have a partner?

(If not, please continue to question 8)

1 2

Figure 2.5 Part of the questionnaire (SVQ) for self-assessment of sexual function and vaginal
changes after gynaecological cancer (from Jensen, Klee, Thranov and Groenvold, 2004;

reproduced by permission of John Wiley & Sons Ltd)



Example – closed question – sexual function after gynaecological cancer

Jensen, Klee, Thronav and Groenvold (2004) ask on the SVQ: ‘Have you had
close physical contact with your family and close friends? For this question the
closed question responses offered by the questionnaire are: (1) Not at all, (2) A
little, (3) Quite a bit, (4) Very much.

However, a study participant may object to being forced into a particular category, and
simply not answer the question as a result. In developing the format for such questions,
a useful strategy is to conduct a pilot study using an open question on a limited but
representative sample of people. From their responses one can then devise suitable
closed questions. In fact this type of procedure has been gone through in devising the
questions of the SVQ of Figure 2.5.

One type of closed question is to make a statement and then ask whether the
respondent agrees or disagrees. When a closed question has an odd number of
responses, usually five or seven it is often called a Likert scale.

Example – Likert scale – SF36

Ware, Snow, Kosinski and Gandek (1993) use Likert-type questions in the
general health section of their SF36 quality of life instrument as shown in
Figure 2.6.

This format has the advantage of being compact, and there is little chance of people
filling in the wrong bubble. However, some questionnaires, such as the SVQ of
Figure 2.5, avoid central categories such as the ‘don’t know’ of the SF36.
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Figure 2.6 General health question from SF36 (after Ware, Snow, Kosinski and Gandek, 1993)



Open Questions

Just as with forms, open questions pose difficulties. Thus although they allow free rein
to the participant to explain their response, this brings problems of data summary for
the investigating team if the number of participants is more than a few. For certain
types of investigations, such as in qualitative studies, this may be an integral part of the
study design process, but for more quantitative endpoints it can be a major difficulty.

Response Bias

One problem (with possibly multiple causes) associated with asking questions is to
know if the answers provided by respondents are valid. In other words, do their
responses truly reflect their experiences or attitudes? If they do not, then response bias
can arise in any one of a variety of ways. ‘Social desirability’ bias is particularly likely in
respect of questions on sensitive topics, and occurs when respondents conceal their true
behaviour or attitudes and instead give an answer that shows them in a good light, or is
perceived to be socially acceptable. Related to this is ‘sponsorship’ bias, by which
respondents’ answers differ according to who is conducting the survey. ‘Memory’ bias
occurs in questions involving recall of past events or behaviour and can include
omission and telescoping (misplacing an event in time). Biases can also arise from the
respondent mis-hearing or misunderstanding the question or accompanying instruc-
tions.

The relative threat of different types of response bias depends in part on the mode of
administration. In surveys using mixed modes of administration, care is needed in
interpreting findings; observed differences between respondents may be attributable to
the methods of data collection, rather than to true underlying differences in experiences
and attitudes. The greater anonymity afforded by a postal questionnaire, and to a lesser
extent by a telephone interview, may mean that subjects are more likely to report
truthfully on potentially embarrassing behaviour or experiences (for example, mental
health problems). Social desirability bias is more likely in interviewer-administered
surveys, since respondents may wish to ‘save face’. By contrast, other forms of
deception can be minimised by interviews, because some responses can be verified by
observation.

Questionnaire wording and design can also induce response bias, for example
through question sequencing effects (where the response given to a particular question
differs according to the placement of that question relative to others), and the labelling
and ordering of response categories.

2.6 DATA COLLECTION AND PROCESSING

VOLUME, COMPLEXITY AND NATURE

The desired volume, complexity and nature of data to be collected will vary from study
to study. The largest volume of data can be collected in face-to-face interviews (since
the burden of recording responses falls on the interviewer rather than the respondent).
The downside is the temptation to collect more data than is strictly necessary for the
purpose in hand. This wastes resources and may be unethical in certain circumstances.
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Data of greater complexity can also be gathered in face-to-face interviews, because
visual aids can be used and the interviewer can more readily provide explanations and
probe and prompt for additional information. However, self-completion questionnaires
are generally held to be superior to telephone surveys for collecting complex data. For
example, questions involving the ranking of several items, or those using multiple
response categories (for instance, a seven-point scale of satisfaction) are difficult to use
in telephone surveys because there is no visual stimulus; instead, the respondent must
mentally retain and process the items or categories.

Interviews facilitate the use of open-ended questions or open-ended probes, where the
interviewer can record verbatim the answers given by the respondents. This may
generate richer and more spontaneous information than would be possible using self-
completion questionnaires. Although open-ended questions can be used in self-
completion questionnaires, responses are typically less detailed since respondents tend
to be less expansive in writing than in speaking.

Collecting data on ‘boring’ topics is easier in interviewer-administered surveys;
interviewers can engage subjects’ attention and interest and can use their powers of
persuasion to maximise participation.

CHECKING

As already indicated, much of the data in medical studies is captured on paper-based
forms, although there is an increasing trend for electronic data capture. The advantage
of electronic forms is that range and cross-checks (checking the consistency of the new
data with itself and with that already in the database) and value checks can be instantly
applied. In addition missing values can be immediately queried, and irrelevant
questions, such as asking a non-smoker for details of cigarette consumption can be
skipped. However, paper forms are often used for convenience.

In spite of all precautions that may be taken in the study protocol to ensure that
measurements are made according to carefully documented procedures, mistakes do
occur in the recording of these values. Some of these errors may be detected by a quick
check of the form on which the result has been recorded, whilst others may be missed
and passed to the data file. At this stage, range and cross-checks, easy programming of
which needs to be an integral feature of the database, may help to identify such
problems. If problems are found, these can be checked against case-records for
correction of any erroneous values identified. In some cases, this will provide
confirmation that the ‘apparent error’ is not an ‘error’ at all. Some ‘outlier’ values may
not necessarily be identified by range checks alone, but by previous or subsequent data
on the same subject or by comparison with data from other subjects in the total data
set. It is important that data validation occurs as soon as possible after the data item is
collected so that the possibility of any correction can be maximised. It is usually a bad
idea to leave such checking until the study is closed and no more new data are
anticipated.

MISSING DATA

The main cause for concern is that missing data may result in bias, and that the
apparent results of a preclinical, clinical or epidemiological study will not reflect the
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true situation. In the context of a randomised controlled trial, we will not know if the
difference we observe (or lack thereof) between treatments is a truly reliable estimate of
the real difference. If the proportion of missing data is small then, provided the data are
analysed appropriately, one can be confident that little bias will result. However, if the
proportion of missing data is not small, then a key question is: ‘Are the characteristics
(personal and intervention-specific) of the experimental units with missing data
different from those with complete data?’. If they are not different then one can be
reassured that bias may not be a serious problem. However, this is a matter of
judgement, so the best solution is to make every effort at the design stage to anticipate
the ‘missing’ eventualities and keep them to a minimum.

DATABASE

Although the choice of an optimal database will depend to an extent on the type of
study planned, it is clearly important that it is reasonably easy to establish (preferably
with minimal assistance from an information technology team). In particular, the
variables and their type should be simple to define, make data entry and editing easy
and, once entered, safe and secure. The data should be easy to access, extract,
manipulate and transfer to a statistical package for analysis and the statistical package
chosen must be capable of the analysis intended by the design.

Key design features

Clear definition of measures to be recorded

Clear choice of endpoints

Blind assessment whenever possible

Careful choice of data forms

Careful selection of questionnaires

Careful selection of the database

Careful selection of the statistical analysis package

Establish mechanisms to ensure ‘missing data’ are minimal

Establish mechanisms to ensure the data are checked for consistency

2.7 TECHNICAL NOTES

Just as we had equation (1.1) to indicate the model underlying structure for design
purposes, we can describe aspects of the measurement process in a similar way. Thus we
can express the measurement we are making in the following way,

x ¼ Xþ Z. ðT2.1Þ
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Here X is the true value of the reading that we are about to take on an experimental
unit. After we have made the measurement we record X’s value as x. We know, with
most measures we take, that we will not record the true value but one that we hope is
close enough to this for our purpose. We also hope, over the series of measurements we
take (one for each experimental unit), that the residual (or our error) Z ¼ X� x of
equation (T2.1) will average out to be small – in which case, any errors we make will
have little impact on the final conclusions.

However, if there is something systematically wrong with what we are doing (possibly
we are quite unaware of this), then the model we are concerned with is now

x ¼ Bþ Xþ Z. ðT2.2Þ

This second model implies that even if we average out Z to be close to zero over the
course of the study, we are left with a consistent difference, B, beween the true value X
and that we actually record, x. This is termed the bias. Thus the measurements should
be taken to try to ensure that B ¼ 0 from the outset.
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