
4 Randomisation

Summary

The method of choice of intervention given to a particular experimental unit is an
essential feature for maximising the useful information from an experimental design.
We give the rationale for why a random element to the choice is desirable and describe
how random numbers to assist the implementation of this may be utilised. For
preclinical studies we describe how interventions may be grouped into randomised
block, Latin and Graeco-Latin squares. In addition, the essential aspect of assigning
experimental treatments at random, and when randomisation should be affected, in the
context of comparative clinical trials is included. For cross-sectional studies, including
surveys, details of how the subjects for study may be selected at random from a larger
pool of available individuals are described.

4.1 INTRODUCTION

In any study where we intervene in the natural course of events a decision has to be
taken as to which (experimental) intervention is given to which unit. In general
whatever the basic design, one should choose the structure of the design to answer the
question posed, then make the study as ‘random’ as possible. For example, bitter
experience has shown that comparisons of treatments made by comparing non-
randomised groups of patients given the alternatives are often very misleading. This
does not preclude the possibility of making non-randomised comparisons in certain
situations but is a reminder that they are intrinsically unreliable.

Although there is not always a clear division between the randomisation
requirements of preclinical studies and clinical trials one feature usually distinguishes
them. At least in the more ‘experimental’ type of preclinical studies the experimental
units may all be available for study at the time the experiment is to begin. In contrast,
for the randomised controlled trial, patients are usually recruited one at a time and over
a prolonged period, so that allocation to the intervention has to be made sequentially in
time and then usually patient by patient. There will be very few occasions when all the
patients are recruited to a clinical trial on the same day. Thus, while for a clinical study
the randomisation allocation process can be complete at the very beginning of the
study, that for a clinical trial will continue until the last patient is recruited. As a
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consequence, methods such as dynamic allocation to intervention may be very useful in
clinical trials but of little relevance to experiments.

4.2 RATIONALE AND MECHANICS

ESTIMATION

In essence, one purpose of any experiment is to estimate the parameters of a model
analogous to equation (1.1). Thus we collect data with this purpose in mind. We would
like to believe that the estimates we obtain in some way reflect the ‘true’ or population
parameter values. In principle, if we repeated the study many times, then we would
anticipate that these estimates would form a distribution that is centred on the true
parameter value. If this is the case, our method of estimation is unbiased. For example, in a
clinical trial comparing two treatments, the parameter b1 corresponds to the true
difference (if any) in efficacy between them, and the object of the trial is to obtain an
unbiased estimate of this. The method of selecting which of the eligible patients are to be
included in the trial does not effect this, but the way in which those patients who are
recruited to the trial are then allocated to which particular treatment does. Of fundamental
importance to the design of any clinical trial is the random allocation of subjects to the
alternative treatments. Such allocation safeguards in particular against bias.

Randomisation also provides a sound basis for the ensuing hypothesis testing by the
use of statistical tests of significance.

SIMPLE RANDOMISATION

Random Numbers

The simplest randomisation device is a coin which if tossed will land with a particular
face upward with probability one-half. Repeated tossing generates a sequence of heads
(H) and tails (T) such as HHTHH TTHTH. These can be converted to a binary
sequence 00100 11001 by replacing H by 0 and T by 1. An alternative method would be
to roll a six-sided die, and allocate a 0 for faces 1, 2 and 3 and 1 to 4, 5 and 6.

To avoid using a die for randomisation one can produce a table of random numbers
such as Table T3. Although this table is in fact ‘computer-generated’, the principle is
similar to that which would result from throwing a ten-sided die, with faces marked 0 to
9, on successive occasions. Thus each digit is equally likely to appear and cannot be
predicted from any combination of other digits. The digits in Table T3 are grouped
merely for ease of reading. The table is used by first choosing a point of entry, perhaps
with a pin, but deciding in advance of this the direction of movement along the rows or
down the columns. Suppose the pin chooses the entry in the 10th row and 13th column,
and it had been decided to move along the rows, then the first 10 digits give the
sequence 534 55425 67 (highlighted in bold and larger font in Table T3).

Random Selection

To obtain a simple random sample, it is first necessary to number all the individual
members of the target population of interest through from 1 to NPopulation. Simple
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random sampling gives each individual in the target population the same probability
(1/NPopulation) of being selected. Selection of one individual does not enable us to predict
the next that is chosen. The next step is to generate N different random numbers in the
range of the numbered list, where N is the intended study size. Any duplicate numbers
are replaced at random by ones not already on the list. The numbers on this final list
identify the members of the target population to be included in the study.

Example – random sample – patients with schizoprenia

Suppose the target population is the 100 patients with schizophrenia who are
on a patient list. We then wish to choose N¼30 at random from this
NPopulation¼100 for inclusion in the study. First we number the patients in any
order from 01 to 100 but use 00 to represent patient 100. Then using the first
two digits in (say) the first column of Table T3 we find the first 30 numbers in
the range 00 to 99 are successively 75, 80, 94, 67, . . . , 87, 63. However, 03, 43,
50, 67, 90 and 94 are repeated in this list and so the next six random numbers
are taken. These are 73, 69, 64, 31, 35 and 57, but 57 has been used previously
so we choose the next which is 50. This too has to be ignored and so the next,
which is 48, is taken. Now that the numbered list of 30 is complete, the
corresponding patients are then identified from the list and these are examined
in the study. Such a procedure is usually only practicable if the target
population is not too large, although it can be quickly achieved with a suitable
computer program.

Random Allocation

The first step in the simplest form of randomisation in a two-group comparative study,
is to assign one intervention (say) A to even numbers, the other, B, to odd. The next
step is to use the random numbers of Table T3 to generate the sequence of length
N¼2m, where m is the planned number of units in each group. For example, using the
previously chosen sequence 53455 42567 generates BBABB AABAB. Thus the first 10
units selected will receive the interventions in this order, and once this is complete four
will have received A and six B.

The method extends relatively easily to more complex designs. For example, in the
case of a 262 factorial experimental design involving four combinations labelled A, B,
C and D, each of these could be allocated the successive digit pairs: 0–1: 2–3: 4–5 and 6–
7 respectively. Should an 8 or 9 occur in the random sequence then these are ignored, as
there is no associated intervention for these cases. The random sequence 534 55425
would then generate CBC CCCBC, thus in the first eight subjects the allocation would
be A 0, B 2, C 6 and D 0. This is clearly not a desirable outcome as no subject is
allocated to either of the interventions A or D.

An alternative way, when there are four groups, is first to divide those members of
the random sequence equal to 4 or more, by 4 and replace these by the corresponding
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remainder part. Thus the first number of the above sequence of 10 digits is 5, which
once divided by 4 gives remainder 1, the second 3 remains as it is, while the third 4
becomes 0, and so on. The new sequence is now 13011 02123. In technical terms this is
the same sequence as previously but each integer reduced modulo 4 (mod 4). If the
interventions in the experiment are numbered 1 to 4, rather than 0 to 3, then for
convenience we add 1 to each member of the sequence to obtain 24122 13234. The
randomisation for the first eight units for the four interventions then generates BDABB
ACB, so once completed for eight subjects, A is 2, B 4, C 1 and D 1. It is essential to
choose the details of the method to be used before the randomisation process takes
place.

4.3 PRECLINICAL OR LABORATORY-BASED
STUDIES

Preclinical studies are usually of modest size but may be larger if the units are (say)
blood samples, biopsy specimens or pathology slides. As indicated, if all units are
available, or can be recruited as and when needed, then the randomisation allocation
process can be completed in advance of any subject being investigated.

In preclinical experiments, the objective of the randomisation is to help ensure
balance of the experimental units between the different (two or more) experimental
groups in terms of their basic characteristics. This applies whether the experimental
units are biopsy specimens or the human subjects themselves. Thus the objective of the
randomisation is to make the final comparison of differences between experimental
groups as unbiased as possible. We need to be assured that any differences observed
between groups are not due to, for example, where the individual biopsy specimens
from the two groups are stored in the refrigerator, but rather are due to the different
experimental interventions imposed by the design.

BLOCKS

Simple randomisation will not guarantee equal numbers in the different intervention
groups. To ensure equal numbers, balanced arrangements can be introduced. This is
done by first generating the combinations of the intervention possibilities into blocks of
an appropriate size.

The block size is taken as a convenient multiple of the number of interventions under
investigation. For example, a two-group design may have block sizes 2, 4, 6 or 8, a
three-group 3, 6 or 9, while for a 262 factorial design comprising four interventions
these may be of size 4, 8 or 12. In addition, the actual block size is often also chosen as a
convenient divisor of the planned study size, N. For example, if N¼64, and with four
interventions planned, a block size of 8 would be preferable to one of 12, since 8 is a
divisor of 64 but 12 is not. Blocks are usually chosen as neither too small nor too large
so that for two intervention groups block sizes of 4 or 6 are often used.

Suppose that equal numbers are to be allocated to A and B for successive blocks of
four subjects. To do this, one can identify amongst all 16 possible combinations or
permutations of A and B in blocks of four that contain two As and two Bs. Thus we are
ignoring those permutations with unequal allocation, such as AAAA and AAAB. The
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acceptable permutations are summarised in Table 4.1. These permutations are then
allocated the numbers 1 to 6 and the randomisation table used to generate a sequence of
digits. Suppose this sequence was again 53455 42567, then reading from left to right we
generate the allocation BAAB ABBA BABA BAAB BAAB and BABA for the first 24
units.

Often, a particular digit for the sequences of Table T3 would not be used a second
time until all relevant individual digits had first been used. In this case, the sequence
becomes, in effect, 534– – –2–67. This generates BAAB ABBA BABA as previously but
now followed by permutations 2 and 6 of Table 4.1, which are ABAB and BBAA.
Finally we note that permutation 1 has not been used so that AABB completes the full
24-unit allocation sequence. Such devices ensure that for every four successive units
included, balance between A and B is maintained. In this case we recruit 12 to A and 12
to B. Once again, precise details of the methods to be used have to be defined and
documented before the randomisation process begins.

Experimental Designs

We also have to ensure that the measurement process itself does not lead to bias. For
example, suppose all those who receive A are tested by the same experimenter I, and
those who receive B by experimenter II, then observed differences between the two
groups may not only reflect A versus B differences but also differences between
observers I and II. We cannot eliminate differences between these experimenters
(although careful training in experimental procedures may reduce this) but we can
measure their differential effect by a suitable choice of experimental design, in which
both experimenters test subjects from each group.

We first create the combinations A-I, A-II, B-I and B-II where (say) A-I is
intervention A given by experimenter I. Suppose that only four subjects can be tested in
2-hour slots in one day. We can then organise these four options into four blocks of
four as in Table 4.2, Panel (a).

Considering the first 16 subjects for this study, the usual way to allocate the
corresponding experimental units (subjects) is to first number these from 1 to 16. Then
we can assign these starting from the top left corner of the randomised block design,
Table 4.2, Panel (a), and moving down successive columns (the blocks) until subject 16
is given the bottom right-hand corner intervention. This process implies that whoever
assigns the numbers to the subjects is entirely ignorant of the allocation they will receive
and when and by whom their ‘experiment’ will be conducted.

The allocation process of Table 4.2, Panel (a), implies, whilst retaining equal numbers
in interventions A and B, that half the units are also allocated to experimenter I, and
half to experimenter II. Each experimenter therefore conducts equal numbers of
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Table 4.1 All possible permutations of length 4 for
two treatments A and B each occurring only twice

1 AABB 4 BABA
2 ABAB 5 BAAB
3 ABBA 6 BBAA



experiments (here four) with intervention A and B. This design is therefore balanced
with respect to intervention and experimenter. Such a design is known as a randomised
block design – here four blocks with four units per block. However, in this design
intervention type A-I always occurs at the time window 0900–1100, whereas it would
seem more appropriate if these were ‘balanced’ across all times as in Table 4.2 Panel (b).
Here A-I occurs once every day and once at each time-window. Thus every row (and
column) has two As, two Is, two Bs and two IIs. Now looking across each time-window,
there is an equal number of interventions (here two) of each type and both
experimenters have two sessions at this time. This enables variation of time of day or
choice of experimenter, to be eliminated when comparing the interventions A and B,
which is the purpose of the experiment.

Although the upper two panels of Table 4.2 give the basic structure of possible block
designs – Panel (b) being preferable to Panel (a) – a further step is required. This is to
randomise the order of the rows in the design. Thus, using the sequence (mod 4)þ1 as
discussed above, the rows 1, 2, 3 and 4 are reassigned to 2, 4, 1 and 3 as in Panel (c) of
Table 4.2. As now becomes obvious, we should also randomise the order of the
columns. This randomisation is effected, by using the remaining part of the sequence of
the random series, to obtain the order 2, 1, 3 and 4. Thus Panel (d) is Panel (b)
randomised first by row order, as was Panel (c), and then by column order.

The eventual experimental design will replicate the basic structure of Table 4.2, Panel
(d), as many times as required to complete the experiment on the entire N (assumed a
multiple of 16 here) units specified by the design. However, the randomisation process
will be distinct for each of these (N/16) squares.

The particular design of Table 4.2(b) is termed a 464 Latin square. There are four
such basic squares of this size and these are listed in Table T5. The squares are termed
basic in the sense that one cannot obtain any one of these squares from any of the
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Table 4.2 Randomised block design of two interventions (A and B) conducted by two
experimenters (I and II) in 16 subjects over 4 days

Day Day

Time of day 1 2 3 4 1 2 3 4

Panel (a) Panel (b)

0900–1100 A-I A-I A-I A-I A-I A-II B-I B-II
1100–1300 A-II A-II A-II A-II A-II A-I B-II B-I
1300–1500 B-I B-I B-I B-I B-I B-II A-II A-I
1500–1700 B-II B-II B-II B-II B-II B-I A-I A-II

Panel (c) Panel (d)
Row randomised Row and column randomised

0900–1100 B-I B-II A-II A-I B-II B-I A-II A-I
1100–1300 A-I A-II B-I B-II A-II A-I B-I B-II
1300–1500 B-II B-I A-I A-II B-I B-II A-I A-II
1500–1700 A-II A-I B-II B-I A-I A-II B-II B-I



others by reordering (permuting) the rows or columns or both. Any one of these can be
taken (at random) to form the basis for the design.

The Latin square idea can be extended to include two factors which need to be
balanced in an experimental design. Thus the Graeco-Latin squares of Table T6
comprise arrangements of all possible pairs of the Latin letters A, B, C and D with the
four Greek characters a, b, g and d in any order we choose. Here there are two basic
squares. One application may be when there are four interventions, the Latin letters,
and four observers conducting the experiment, the Greek characters. It is clear that
every observer is responsible for one observation on each intervention, and each
observer tests every intervention. Rows and columns are then randomised as for the
Latin square and the first of 16 experimental units assigned to the top left-hand entry,
and the 16th to the bottom right-hand entry.

Randomised Block Design (RBD)

If Table 4.1 is reformatted into that shown in Table 4.3, then the (randomised) block
structure of this becomes more apparent. The contents of the blocks 1 to 6 are formed
by first randomising the six permutations.

Clearly the basic structure of Table 4.3 can be extended to fit the needs of the study
under design. For example, if N¼48, then the RBD is replicated a second time but with
the permutations randomised again for this second time. Equally the basic structure can
be adjusted to the numbers of interventions concerned. Thus Table 4.4 includes a RBD
for t¼3 interventions A, B and C conducted in blocks of size b¼3, but over 18 units.
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Table 4.3 Randomised block design (RBD) for two interventions in blocks of size 4

Block 1 2 3 4 5 6

Permutation 5 3 4 2 6 1

B A B A B A

A B A B B A

A B B A A B

B A A B A B

Table 4.4 Randomised block design for three interventions in blocks of size 3

Permutation 1 2 3 4 5 6

A B C A B C

B C A C A B

C A B B C A



This design includes all possible six permutations of size 3. The eventual assignment of
these permutations to the corresponding r¼6 replicate blocks will be made at random.

Stratified Randomisation

Some imbalance in the major prognostic variables between intervention groups may
arise as a result of using simple randomisation and indeed also when using blocks to
balance the different intervention groups. Stratifying the randomisation by both the
prognostic group as well as the intervention can reduce this imbalance. This strategy
ensures that close to an equal number of units are allocated within each stratum to each
of the intervention options. This may be achieved by arranging the randomisation to be
balanced within predetermined blocks of units within each of the strata. In essence we
have done this already when comparing experimenters I and II.

Suppose the study described in Panel (d) of Table 4.2, involved a design in which all
observations were made by a single observer but of the 16 subjects, the design specified
that half should be male and half female. Then relabelling I as F (for female) and II as
M (for male) one achieves a design in which for each gender half receive A and half B.
Thus the randomisation is now stratified by gender to ensure the intervention is
balanced within each gender group.

For continuous prognostic variables, such as age, stratification can only be done
when these variables are divided into categories. In general, two categories will suffice.
Stratified randomisation as a method of achieving balance can become unworkable if
there are too many stratification variables, because the associated number of strata cells
resulting (at least two per variable) can quickly exceed the number of patients in the
study.

Allocation Ratio

We have implicitly assumed that, for two interventions, a 1:1 randomisation will take
place. However, the particular context may suggest other ratios. For example, if the
experimental units are limited, for whatever reason, then the design team may argue
that they should obtain more information within the experiment from (say) the test
intervention, T, rather than the well-known control or standard, S. In such
circumstances, a randomisation ratio of say 2:3 or 1:2 in favour of the test intervention
may be decided. The first could be realised by use of a die with sides 1 and 2 allocated to
S, and 3, 4 and 5 to T, ignoring 6. The latter ratio could be obtained by using again
sides 1 and 2 for S but now 3, 4, 5 and 6 for T. However, moving from a 1:1 ratio
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Table 4.5 All possible permutations of length 5 for
two interventions S and T allocated in the ratio 2:3

1 SSTTT 6 TSTST
2 STSTT 7 TSTTS
3 STTST 8 TTSST
4 STTTS 9 TTSTS
5 TSSTT 0a TTTSS

aNote 0 replaces 10 to facilitate the use of random number tables.



involves some increase in study size to maintain power and this increase should be
quantified before a decision on the allocation ratio is finally made.

If an allocation ratio of 2:3 for S and T is chosen, then this implies a minimum block
size of 5, each comprising one of the permutations given in Table 4.5.

If a design for an experiment comprises N¼25 subjects, then the sequence of random
numbers 534 55425 67 generates from Table 4.5, the 5 blocks with the following
permutations

TSSTT – STTST – STTTS – TSSTT – TSSTT.

Alternatively if we wish to avoid consecutive blocks with the same permutation we
would have

TSSTT – STTST – STTTS – STSTT – TSTST.

4.4 OBSERVATIONAL STUDIES

In observational studies, say a comparison in outcome between patients with Crohn’s
disease and ulcerative colitis, there may be no ‘intervention’ involved and so the
requirement for randomisation to groups is not pertinent. Nevertheless, as we
illustrated in Table 4.2, different observers may be involved in the study in which
case we can regard these as the ‘interventions’ and so randomise the patients to
observers.

Further, if samples are to be taken from the experimental units, for later detailed
examination and laboratory analysis, it is recommended that where they are stored and
by whom they are examined should also be subject to the randomisation process. For
instance, it would not seem sensible to store all the samples from one group in one
location and those from the other in a second. This applies equally to proximal
locations such as within a ‘single’ storage unit. Thus ‘blocks’ may correspond to the
shelves of a deep-freezer.

In this way, the randomisation process extends to all levels of the experimental
process and thereby as often as may be required. Only in this way can one ensure that
any bias within the experimental process is reduced to a minimum. In short, if one can
randomise, then do so, whether it is the appointment time to the experimenters’ clinic
(morning or afternoon; day of the week); the investigator, the refrigerator shelf or the
laboratory testing.

Example – bias in measurement – ciliary beat frequency

Lyons, Djahanbakhch, Saridogan et al. (2002) describe a study of ciliary beat
frequency (Hz) of the ampullary region of the fallopian tube epithelium in
women with and without endometriosis. Although full details of, for example,
how the tubal epithelium explants were incubated in peritoneal fluid for 24 h at
378C, 100% humidity, and 5% CO2þ95% air, are included, there are no
details of whether steps were taken to eliminate potential biases in the entire
measurement process.
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4.5 SURVEYS

If the target population is large (as will be the case for most surveys) and a convenient
list is not available electronically, the process of going backwards and forwards to
identify the sample can be a tedious business, although this can be facilitated by first
ranking the random numbers of those chosen before beginning this process. An
alternative is to use a systematic sample with a random starting point.

Suppose a list of 10 000 subjects is printed on 1000 pages of 100 per page, and a 10%
sample is required. One way is to begin by choosing a number at random between 00
and 99, remembering that 00 represents 100. From Table T3 we might again start with
the first two digits of the first column, so our number is 53. We then take the 53rd
subject on every page as our sample. For a 0.5% sample we would take a name from
every second page but first choosing a subject from the first two pages at random from
000 to 199, here 000 represents 200. If this is 103, then the third subject on each of the
500 even-numbered pages of the list is chosen as the sample.

Obviously a more convenient way is to generate the 200 random numbers by a
computer program which automatically replaces any repeats and finally ranks the
selected numbers for smallest to largest so that they can be identified sequentially in
the target population list. If such a program is written, then it is important to retain the
algorithm and the ‘seed’ of the random number generator so that (if necessary) the
random selection can be repeated.

Example – selecting a sample – Danish women

Klee, Groenvold and Machin (1997) wished to establish population norms for
aspects of Health Related Quality of Life using the EORTC QLQ-C30
instrument. Their target population was Danish women aged over 25. Their
sample of 892 women was selected from the Danish Central Population
Register from all those born on the same day in odd years from 1913 to 1971.

4.6 CLINICAL TRIALS

Randomisation is a key element of the design implementation for clinical trials. In fact,
the randomised trial is considered the ‘gold’ standard against which alternative designs
are compared.

As with preclinical experiments randomisation ensures (in the long run) balance
between the groups in known and unknown prognostic factors. We have shown how
balance in important (hence known) prognostic factors can be achieved by stratification
but there is no other way except randomisation to ensure long-run balance of unknown
prognostic factors.

In contrast to preclinical studies, clinical trials may require large numbers of patients.
In addition, seldom will all these patients be available at the opening of the trial.
Instead they will first present as and when their illness appears and so will only become
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available for treatment, and hence the trial, at unpredictable intervals. The intervals
between patients may be lengthy if the incidence of the disease in question is low. We
cannot allocate patients to the interventions before the trial is started although the
‘process’ for randomisation needs to be established before the first patient has
consented to recruitment.

Further, as we have indicated for preclinical studies, although simple randomisation
gives equal probability for each unit to receive A or B it does not ensure that by the end
of recruitment to the study equal numbers of units received A and B. In fact even in
relatively large studies the discrepancy from the desired equal numbers of units per
intervention group can be quite large.

Example – simple randomisation – chronic gastro-oesophageal reflux

Csendes, Burdiles, Korn et al. (2002) recruited 164 patients with chronic
gastro-oesophageal reflux and used a simple 1:1 randomisation to fundoplica-
tion or calibration of the cardia. This resulted in 76 randomised to
fundoplication but 88 to calibration of the cardia.

SELECTING THE SUBJECTS

There will always be a clear need to identify the characteristics of potentially eligible
patients for a trial. An essential element is that each patient is suitable for all the
treatments or interventions on offer within the clinical trial. Thus if there are three
options A, B and C, then not only must the attending physician be happy to prescribe
all the options but also the patient must be happy to receive all such options. If only
two of these three are acceptable then the patient should not be regarded as eligible for
the trial and so should not be randomised. Also, if the physician for ‘this’ patient thinks
one option preferable, then despite eligibility in all other respects, the patient should
receive that option and so again should not be randomised to the trial.

Example – trial eligibility – partial thickness burns

In the randomised trial by Ang, Lee, Gan et al. (2001) patients with severe
burns were emergency admissions into the specialist burns centre in Singapore
requiring immediate treatment. Once admitted to the burns centre, only those
patients with partial thickness burns were eligible for the trial. Their consent
was then sought, and once given, randomisation effected by telephone to the
statistical centre. Nevertheless in certain cases, the attending medical team felt
that conventional therapy was more appropriate than the new therapy. For
those patients, details of the clinical trial were not explained and conventional
therapy commenced immediately. Clearly no randomisation took place.
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WHEN TO RANDOMISE

In clinical trials, there is an additional reason to randomise the alternative
interventions to patients and this is to ensure that the treatment allocation to
patients is not predictable. If the allocation is predictable, then the investigating
physician has knowledge that he or she may subconsciously use to influence their
decision to include (or exclude) certain patients from the trial, that is, they will not
judge ‘fairly’ if each of the treatment options is appropriate for the patient. This
knowledge may also compromise the ‘informed’ consent procedure as it may lead to a
more selective description of the options available focusing more on the option that
will be given and less on the alternatives. Thus it is important that the investigating
physician is not aware of the treatment to be allocated to the next patient. Also if the
allocation of treatment can be predicted, then it is possible that some patients may
volunteer for a trial in the hope of getting the (new) experimental therapy. On the
other hand if they know they are to get the control therapy, they may withdraw
consent to enter the trial. As a consequence, any prior knowledge by the clinical team
or the patient of the allocation can therefore introduce bias into the allocation
process, and hence lead to bias in the final estimate of the parameter b1 at the close of
the trial.

MULTICENTRE TRIALS

In clinical trials that involve recruitment in several centres, it is usual to use a stratified
randomisation procedure to ensure balanced treatment allocation within each centre. In
this way, one ensures that patients have the option of all treatment modalities in all
centres.

BLOCKED RANDOMISATION

Randomisation can be carried out in blocks following the methods described earlier for
preclinical studies. The major difference is that larger numbers of subjects are involved
and so the eventual sequence of blocks may be very lengthy.

In some circumstances it may be desirable to avoid runs of the same treatment in
successive patients as there could be resource implications if different medical teams are
responsible for the different treatments. For example, if Permutation 1 of Table 4.5 is
followed by Permutation 0 then we have SSTTT – TTTSS. This sequence comprises a
sub-sequence within it of six consecutive patients all assigned to T. To avoid this
happening, Permutations 1 and 0 could be removed from the list of possibilities.
Alternatively, if Permutation 1 is selected, then Permutation 0 may be excluded as a
possibility for the next block to be chosen.

In practice, a maximum of (say) four consecutive Bs and three consecutive As may be
thought reasonable, in which case the allocation can be made using the permutations of
Table 4.5 and the resulting sequence of blocks checked. Any adjacent blocks that result
in sequences that are too long are removed. If removals occur, then the chosen sequence
has to be extended until the randomisation list is complete.
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Example – block size – tamoxifen in inoperable hepatocellular carcinoma

In the randomised trial conducted by Chow, Tai, Tan et al. (2002) of three
doses of tamoxifen the authors state: ‘Randomization was performed in
balanced blocks of 5, stratified by center and corresponding to P, TMX60, and
TMX120 in the respective ratios of 2:1:2’. In this trial, in which 329 patients
were recruited, the stratification by recruiting centres, for example, those in
Hong Kong, Myanmar, Singapore and elsewhere, was done to ensure that the
proportions of patients receiving the different doses remained approximately
constant, at all points in time, in all centres.

The investigating physician should not be aware of the block size. If they come to
know, as each block of patients nears completion, guessing the next treatment to be
allocated may again lead to subconscious inclusion in or exclusion from the trial of
certain patients. Such a difficulty can be avoided by changing the block size (at random)
as recruitment continues to reduce the possibility of a pattern being detected (even
inadvertently) by the investigation team.

Clearly for the trial of Chow, Tai, Tan et al. (2002) this choice of block size would
be between b¼5 and 10. Sometimes the block size, perhaps between these options, is
chosen at random for successive sequences of patients within a stratum of patient
types.

STRATIFICATION

Just as in the more experimental types of study, it may be important in a clinical trial to
ensure that the treatment options are balanced within different strata. The strata are
defined in such a way that those patients within a strata are more homogeneous than
those between strata with respect to the endpoint measure of concern to the clinical
trial.

Example – stratified randomisation – cranberry or apple juice for urinary
symptoms

Campbell, Pickles and D’yachkova (2003) used a simple 1:1 randomisation,
within each of four strata, to assign treatment by either cranberry or apple
juice to alleviate urinary symptoms during external beam radiation for prostate
cancer. Their allocation into the 262 stratification groups of previous
transurethral resection of the prostate (TURP) and International Prostate
Symptom Score (IPSS) for each randomised treatment is given in Table 4.6.
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In this trial, approximately equal numbers are randomised to apple and
cranberry juice overall, and despite the different proportions in the four TURP
by IPSS strata, the patients allocated are approximately equally divided
between treatments.

DYNAMIC ALLOCATION

One problem with stratification is that it only works when the number of strata is few.
Even three prognostic variables, each dichotomous, give eight different strata, and it
soon becomes impossible to ensure balance between interventions of all the variables. A
number of alternative methods, known as dynamic allocation, have been developed of
which the simplest is minimisation. These replace randomisation with a (largely)
deterministic method based on the characteristics of the patients already in the trial and
the characteristics of the patient about to be allocated to the interventions.
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Table 4.7 Distribution of patients with prostate cancer in a clinical
trial according to TURP and IPSS stratification groups for a trial for
alleviating urinary symptoms (data from Campbell, Pickles and
D’yachkova, 2003. A randomised trial of cranberry versus apple juice
in the management of urinary symptoms during external beam radiation
therapy for prostate cancer. Clinical Oncology, 15, 322–328 [4];
reproduced with permission from the Royal College of Radiologists)

Treatment juice

Prognostic factor Apple
(A)

Cranberry
(C)

TURP Negative 44 41
Positive 13 14

IPSS 56 23 20
56 34 35

Total randomised 57 55

Table 4.6 Stratification groups for a trial for alleviating urinary symptoms (from
Campbell, Pickles and D’yachkova, 2003. A randomised trial of cranberry versus apple
juice in the management of urinary symptoms during external beam radiation therapy
for prostate cancer. Clinical Oncology, 15, 322–328 [4]; reproduced with permission from

The Royal College of Radiologists)

TURP Negative Positive

Juice IPSS 56 56 56 56 Total

Apple 17 27 6 7 57
Cranberry 14 27 6 8 55

Total 32 54 12 15 112



To demonstrate how minimisation works, suppose that we wish to recruit an
additional patient to the trial of Campbell, Pickles and D’yachkova (2003). Thus
suppose we wish to allocate Patient 113, who is TURP negative with IPSS56, to Apple
or Cranberry. First we have to construct Table 4.7 which gives the distribution of the
112 patients of Table 4.6 by each covariate and treatment allocation.

The minimisation method counts the numbers in Table 4.7 with each of these two
prognostic characteristics (TURP negative or positive; IPSS 56 or 56), in each
treatment group separately. Note that patients are counted more than once – here
twice. In the apple group, this count comes to A¼44þ23¼67 and in the cranberry
group C¼41þ20¼61. The method then allocates the new patient to the group with the
lower total. In this case Patient 113 receives cranberry juice since 61 is less than 67.

In the International Conference on Harmonisation (ICH) E9 Expert Working Group
(1999) statistical principles for clinical trials, it is recommended that a random element
should be incorporated into dynamic allocation procedures. Thus Scott, McPherson,
Ramsay and Campbell (2002) came to the conclusion that

minimization is an effective method for allocating participants to treatment groups within a
randomized controlled trial. In the majority of cases, minimization has been shown to
outperform simple randomization in achieving balanced groups; this greater performance is
particularly marked when trial sizes are small. Minimization has also been shown to be
advantageous compared to stratified randomization methods, as it has the ability to
incorporate more prognostic factors.

They advocate wider adoption of the technique within clinical trials. However, Nicholl
and Campbell (2002) point out that except in extreme circumstances (when no
individuals get one of the randomised treatments) the advantage of simple
randomisation is that it is simpler to operate, preserves the lack of predictability, and
ensures greater validity for the statistical tests.

CLUSTER TRIALS

In contrast to individually randomised trials, the cluster rather than the individuals are
randomised. In addition, the number of clusters is often limited. So although
randomisation may balance clusters in the long run, it does not explicitly balance
individuals within clusters. Thus the main arguments for randomisation have less power
for cluster designs. However, such is the overall popularity of randomisation, it would
be foolish to design a cluster trial without it. Even in a trial with a very limited number
of clusters (say less than six per group) where there is no possibility of balancing
prognostic factors, it is worthwhile randomising so that one can claim a lack of
subjective bias in intervention allocation. However, despite the limited number of
clusters, it is also worthwhile stratifying by cluster size. For cluster randomised trials all
the clusters are usually available at the start, so stratification and randomisation within
strata can be carried out, and the clusters then informed of their allocation before
beginning patient recruitment. In trials that require newly diagnosed patients, it may
not be possible to specify the cluster size exactly at the start. In this case, a proxy
measure of cluster size, such as the size of the clinic from which the patients are drawn,
can be used instead.
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PRACTICALITIES

The advantages and disadvantages of the different options for randomisation are given
in Table 4.8.

4.7 CARRYING OUT RANDOMISATION

If possible, a neutral party should prepare the randomisation list. For clinical trials this
is usually the statistician assigned to the trial, although some of the details of this will be
discussed in general terms amongst the full investigating team. In addition, once the
process has been agreed the actual generation of the random sequences should be done
by the statistician and should remain confidential until the study is complete. In most
circumstances, it is best if the list is retained in an appropriate study or trial office that
can be contacted by the responsible investigator once patient eligibility and their
consent are obtained.

PRECLINICAL STUDIES

The randomisation process begins by first producing a list numbered, 1 to N, against
which the particular randomised intervention is listed. Quite separately, if the
experimental units are all available, the units are also numbered from 1 to N, in any
order convenient. The two lists are then put together and this allows the allocation of
the intervention, to the experimental units, to be made.

In circumstances when all the experimental units are not available at the beginning of
the study, then we assume they become available one at a time. Thus they are then
numbered 1 to N as they present and are then assigned to the interventions planned.
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Table 4.8 Advantages and disadvantages of different types of randomisation

Type Advantages Disadvantages

Simple Easy to implement May result in imbalance in numbers
between groups

Unpredictable Does not balance prognostic factors

Blocked Ensures (almost) equal numbers in
each group even if the study stops
early

Does not balance prognostic factors

Slightly predictable

Stratified and
blocked

Ensures (almost) equal numbers and
balances prognostic factors in each
group

Can only balance a few prognostic
factors

Slightly predictable

Minimisation Can balance a number of prognostic
factors

Needs all characteristics of previous
patients to be available

Potentially predictable, not strictly
random



One device for allocating the randomisation, which is certainly common in small-
scale studies, is to prepare sequentially numbered sealed envelopes that contain the
appropriate intervention inside. These can be of an opaque ‘salary-slip’ format, which
can only be opened by destroying part of the envelope. The experimenter only prepares
to open the envelope once he has decided the unit is eligible for the study. The process
begins by writing the name of the unit (or a code for unique identification) on the
exterior of the envelope, then tearing the envelope open to reveal the allocation. Once
this is complete, the envelope and ‘salary-slip’ should be stored carefully and these, and
any unused envelopes, retained as a check on the randomisation process.

CLINICAL TRIALS

As with preclinical studies, it is usual to generate the randomisation list in advance of
recruiting the first patient. This has several advantages: it removes the possibility of the
physician not randomising properly; it will usually be more efficient in that a list may be
computer-generated very quickly; it also allows some difficulties with simple
randomisation to be avoided.

As with preclinical studies, the randomisation can be concealed within opaque and
sealed envelopes which are distributed to the centre or centres involved in advance of
patient recruitment. Once a patient is deemed eligible, the envelope is taken in the
order specified in a prescribed list and opened, and the treatment thereby revealed.
Intrinsically, there is nothing wrong with this process but, because of the potential
for abuse (envelopes can be opened and switched or disregarded), it is not regarded
as entirely satisfactory. However, in some circumstances it will be unavoidable;
perhaps a trial is being conducted in a remote area with poor communications. In
such cases, every precaution should be taken to ensure that the process is not
compromised. One simple way is to have the envelopes kept out of the clinic itself
and held by someone who can give the randomisation over the telephone. The
physician rings the number, gives the necessary patient details, perhaps confirming
the protocol entry criteria, and is told which treatment to give, or perhaps a code
number of a drug package.

Of course many of these potential problems are avoided in clinical trials in which
both the attending clinician and the patient are blinded to the intervention allocated.

WHEN TO RANDOMISE

In an ideal setting, once a patient has consented to take part in a clinical trial,
randomisation should take place immediately. Once the treatment allocation is known,
therapy should begin immediately following that. This minimises delay and avoids the
patient having the opportunity to change their mind before therapy begins. This helps
to prevent the dilution that can occur if the patient switches to the comparator option in
the period between randomisation and starting treatment. One consequence of any
potential dilution is that it has to be offset by an increase in the number of subjects to be
recruited to the trial.

However, there will be many circumstances in which therapy cannot be initiated
immediately, for example, in a surgical trial. In many situations, there will be a delay
until the surgery can take place (although trials have been conducted in which
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randomisation takes place while the patient is on the operating table). In life-
threatening conditions, deaths may occur before surgery can take place. For others
there is at least the possibility that their disease progresses in the intervening interval to
a stage where the patient cannot be operated on. Such patients are included in the trial
analysis but clearly dilute the estimate of the real difference (if any) between the
interventions.

Example – delay between randomisation and start of treatment – radiotherapy
for inoperable non-small cell lung cancer

Although full details are not provided, the delay from randomisation and
commencement of radiotherapy (RT) probably resulted in three patients
allocated to be treated with two fractions of radiotherapy receiving none in the
trial of the Medical Research Council Lung Cancer Working Party (1996). For
the 13-fraction option, six received no RT.

DOCUMENTATION

Good Clinical Practice

If a clinical trial is being conducted with a view to submission for (say) drug
registration, then there may be specific regulatory requirements such as the ICH E6
Guidelines for Guidance on Good Clinical Practice of EMEA (2002) that need to be
adhered to. One of these concerns study documentation of the processes involved in the
trial conduct. In this respect, it is particularly important that the method of generating
the randomisation is documented carefully and that it can be regenerated without
difficulty. It is additionally useful should the list get lost. This makes very practical
sense in the context of the randomisation for a double-blind trial in which the
alternatives are packaged in such a way as to be indistinguishable.

4.8 UNACCEPTABLE METHODS

Any allocation method that is not ‘random’ should be avoided if at all possible. Pseudo-
methods for the allocation process have often been used, such as giving successive
patients the alternate treatments. This method is not random since, at least after the
first patient, it is totally predictable, so the clinical team will know the intervention
planned ‘before’ they see the patient. As we have noted, this knowledge may bias the
final comparison. Similarly, if allocation is made on the basis of date of birth, then
again it will always be clear which treatment is planned for which patient. Examples of
these quite unacceptable methods continue to occur, but the corresponding trials would
not be accepted for publication in reputable clinical journals. They contravene the
CONSORT Guidelines described by Moher, Schultz, Altman et al. (2001).

76 RANDOMISATION



Key design features

Random allocation of the interventions

Ensure the randomisation list cannot be compromised

Identify major (few) prognostic factors for possible stratification

Consider an appropriate ‘block’ size

In trials with ‘one-at-a-time’ recruitment consider dynamic randomisation

Commence the intervention as soon as practicable after the random allocation
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