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Introduction

Austin Bradford Hill, following in the footsteps of Major
Greenwood, is regarded as the leading figure in the devel-
opment of medical statistics in the United Kingdom during
the middle years of the 20th Century. His influence also
extended beyond the United Kingdom through his publica-
tions and international collaborations. In the United States,
Raymond Pearl was an early proponent of the importance
of medical statistics, and a contemporary of Greenwood.
Also, individuals such as Harold Dorn, William Cochran
and Donald Mainland held senior posts in medical statistics
or public health contemporaneously with Hill.

More specifically, and although the story of the develop-
ment of clinical trials is not straightforward,! Hill is some-
times characterised as ‘the father of the modern clinical trial®
because of his early use of randomisation in trials, notably
the well-known MRC streptomycin trial.? Additionally, in
epidemiology, the Bradford Hill Criteria for Causation have
been widely used for exploring issues of causation in non-
randomised epidemiological studies for many years. Both
topics feature in a 1952 textbook, Elementary Medical
Statistics,® by Mainland, who at the time of publication was
Professor of Medical Statistics in the Department of
Preventive Medicine at New York University.

The purpose of this article is to highlight the contribu-
tions of Mainland’s text and also, and more specifically,
to suggest why his writing reflects, much more strongly
than Hill’s, the statistical thinking of Sir Ronald Fisher,
who developed many of the methods for the design and
analysis of experiments that dominated the statistical
landscape during the period when Mainland and Hill were
writing. With regard to the specific context of treatment
allocation, which is discussed in this article, this has also
been addressed by Matthews.*¢

Historical background to the state
of medical statistics in 1952

In the early years of the 20th century, the most influential
medical statistician in the United Kingdom was Major

Greenwood.” Greenwood played a major role in the early
days of the UK Medical Research Council (initially
Committee), chairing a Medical Committee that worked in
tandem with the MRC Statistical Department headed up
by the medically qualified John Brownlee® until his early
death in 1927. After Brownlee’s death, MRC statistical
activities were consolidated under Greenwood’s leader-
ship with the Statistical Department moving to the London
School of Hygiene and Tropical Medicine (LSHTM)
where Greenwood had been appointed Professor.

When Greenwood, who was also medically qualified,
moved into research activities, he sought out training and
advice from Karl Pearson at University College London.
While Pearson was primarily interested in what was then
termed biometry, which largely focused on biological
applications, Greenwood recognised that Pearson’s meth-
ods would be valuable in medical research. Furthermore,
John Brownlee was also known as a ‘disciple’ of Pearson
although he did not, apparently, have any contact with
Pearson beyond his publications.?

As aresult, in the United Kingdom, early work in what
might be termed modern medical statistics, in contrast to
previous work which was largely demographic and related
to official statistics, was primarily informed by Pearsonian
methods. Concurrently however, R.A. Fisher was devel-
oping the foundations of modern statistics, in general, in
the context of experimental work at the Rothamsted agri-
cultural research establishment. Generally, and specifi-
cally through his involvement in the Royal Statistical
Society, Greenwood would have known of Fisher’s work,
but his background probably made it unlikely that he
would engage with the technical details. It can be noted,
however, that Greenwood recognised the need for indi-
viduals with mathematical skills in statistical work, such
as Isserlis and Newbold,” and used mathematical develop-
ments in some of his own research, even in his last article
on the topic of accidents. '

Greenwood’s protégé, who would succeed him at the
LSHTM and in directing MRC statistical activity until the
1960s, was Austin Bradford Hill. Hill became involved in
medical research under Greenwood’s direction after being
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discharged for medical reasons out of World War I and
taking a correspondence degree in Economics at LSE
while convalescing. As Armitage records,''™!3 Hill was not
interested in the theoretical aspects of statistical research
but was primarily concerned with seeing statistics prop-
erly used in medical research. To this end, Hill wrote a
series of articles for The Lancet that formed the basis of
his famous book, Principles of Medical Statistics,'* first
published in 1937 and with 11 further editions, the last in
1991. Hill and Fisher knew each other,"? but Fisher’s sta-
tistical methods are not mentioned in any detail in Hill’s
writing. This is the case in spite of there being some sug-
gestion of Fisher’s influence on Hill’s colleagues Woods
and Russell”® and, very directly, on Oscar Irwin'? who was
in Hill’s department and had studied with Fisher.
Nevertheless, Fisher was complimentary of Hill’s book,'®
although it did not reflect major themes of Fisher’s writ-
ings. A more comprehensive assessment of Hill’s attitude
to Fisher’s work is given by Matthews.’

Hill was internationally recognised as a leader in
medical statistics and visited the United States on a num-
ber of occasions. However, the development of medical
statistics in the United States followed a somewhat dif-
ferent course than that in the United Kingdom. While not
providing here a comprehensive assessment of this
development, an apparent difference relating to the influ-
ence of Fisher can be noted. Raymond Pearl was an early
advocate of statistical methods in medical research in the
United States and he, like Greenwood of whom he was a
contemporary, also studied with Karl Pearson.'” And,
Pearl’s book, Medical Biometry and Statistics'® makes
very little reference to Fisher, perhaps reflecting the
antipathy between Pearson and Fisher at that time. This
is also true in the third edition published in 1940,"
although that edition does credit Fisher with determining
the appropriate degrees of freedom for the chi-squared
test, without mentioning that Fisher’s arguments cor-
rected those of Pearson.

In the 1950s however, the US situation changed. After
undergraduate study at Cambridge, William Cochran (see
https://mathshistory.st-andrews.ac.uk/Biographies/
Cochran/) had started a PhD there but was convinced that
a post with Frank Yates at Rothamsted would be better,
even though his Cambridge PhD time had led to his first
article® outlining what is now known as Cochran’s theo-
rem, the theoretical basis for the F-tests associated with
analysis of variance. However, in 1939, Cochran left the
United Kingdom for a post at the lowa Statistical
Laboratory where the American statistician George
Snedecor was Director. Snedecor recognised the value of
Fisher’s work early in his career, and Fisher visited lowa
State in the summers of 1931 and 1936.2! Cochran’s exten-
sive exposure to Fisherian statistics was brought into med-
ical statistics when he accepted, in 1948, the Chair of the
Johns Hopkins Department of Biostatistics, a post he held

for 10years. Notably, while there, he was involved in the
trial of the polio vaccine, introducing some randomisation
and arguing (unsuccessfully) to allow for over-dispersion
due to clustering.”? Around the same time, in 1950,
Mainland, who had spent summers with Fisher in the
1930s, moved from Canada to the United States to take up
a post as Professor of Medical Statistics in New York
University. As will be seen, Mainland’s book is imbued
with Fisher’s statistical arguments. A third leading figure,
Harold Dorn,? joined the US National Institutes of Health
in 1948 and until 1961 was ‘considered, de facto if not de
Jjure, chief statistician of the NIH”.24 Harold Dorn, although
his academic genealogy connected to Pearson at University
College London, was, by training, a sociologist interested
in surveys. However, he worked with Fisher, and Egon
Pearson, when he spent the academic year 1933-1934 at
University College London. Fisher, who had no specific
interest in medical statistics himself (outside of genetics),
was suddenly, therefore, very much an influence on medi-
cal statistics in the United States.

In general, it can be conjectured that, at this time, there
was also a shift in the approach to medical statistics as
mathematically well-trained statisticians, who would be
familiar with statistical theory, began to move into the
field. Notable examples were Jerry Cornfield in the
United States who joined Dorn at the NIH and Peter
Armitage who joined Hill at the LSHTM. However, it
would take a few years before the influence of such
appointments would be felt, and this would certainly have
been after the publication of Mainland’s 1952 book. In
assessing the role of Mainland’s book therefore, it is the
comparative experience and interests of the senior medi-
cal statisticians at that time that is most relevant.

Donald mainland and elementary
medical statistics

Doug Altman® has provided an excellent biographical
article on Mainland and a basic summary of his career is
given in the opening paragraph of Altman’s ‘Brief
Biography’ section: ‘Donald Mainland graduated in med-
icine at Edinburgh. He taught anatomy in Edinburgh and
received a Doctor of Science degree there for his research
in embryology and histology. In 1927, he moved to
Winnipeg, Manitoba, Canada, and in 1930, at the age of
28, became Professor and Chairman of the Department of
Anatomy at Dalhousie University. Even his earliest publi-
cations showed an interest in measurement issues, and
foreshadowed an increasing interest in statistics. In 1938,
he published his first book on statistics in medicine. In
1950, he became Professor of Medical Statistics at the
New York University and shortly afterwards published
his best-known book, Elementary Medical Statistics.
Thereafter, Mainland was a prolific and influential writer
on statistical topics.’
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Mainland’s initial research work was largely labora-
tory-based, for example on the embryology of ferrets.
However, a colleague in Winnipeg introduced him, in
1928, to Fisher’s book, Statistical Methods for Research
Workers, first published in 1925.2 Mainland quickly rec-
ognised the relevance and importance of statistical ideas
to his own work. His interest grew and in 1934, after pre-
sumed correspondence with Fisher, he was invited by
Fisher in April 1934 to visit Fisher that summer in
London. There were additional summer visits in the late
1930s. It seems likely therefore that Mainland would
have discussed with Fisher not only the content of
Statistical Methods for Research Workers but also Fisher’s
Design of Experiments.”’

Mainland’s first book on statistics in medicine, pub-
lished in 1938,%® focused primarily on laboratory data
and, as Altman notes, ‘Fisher was thanked profusely in
the preface’. More general coverage was provided in a
1948, 166-page, journal article, ‘Statistical methods in
medical research. I qualitative statistics (enumeration
data)’.?° This was towards the end of his time at Dalhousie
in Halifax where he taught courses on statistics. These
courses provided the basic material for his 1952 book,
although it was published after he had moved to New
York University. Parenthetically, Part I1,>° dealing with
sample sizes, appeared Syears later and was only 11
pages in length.

Why did Mainland write Elementary Medical
Statistics? One answer to this question is found in the first
paragraph of the book’s section entitled ‘The Purpose of
This Book’. It reads

‘Because the neglect of statistical methods in medicine is
due largely to faulty training of students, some medical
schools are now trying to correct the fault, and this book is an
outgrowth of such attempts. It is designed primary for
students who are to become practitioners; but the principles
and techniques are the same as those needed by investigators
at the beginning of their careers, for they are common to all
branches of medicine, from histology to psychiatry’.

But why did Mainland write a book with this purpose?
There are perhaps three reasons. The first is that Mainland
had for many years been a medical researcher but had
early on been convinced of the importance of statistical
thinking. As Chairman of the Department of Anatomy in
the Dalhousie Medical School, he published a major 1938
textbook on anatomy but he also developed courses in
statistics, first for students of anatomy and then for the
medical school more generally. As Altman documents,
however, Mainland’s move to a position as Professor of
Medical Statistics was made so that he could concentrate
on statistics, and have additional scope to become
involved in clinical trials. Although he was a self-taught
statistician, statistics was clearly now his primary inter-
est. The second reason was that his road to an interest in

statistics made him wary of the obvious solution to the
‘neglect of statistical methods in medicine’ which was to
make statistics part of the medical curriculum. As he
writes in the first sentence of his book’s preface, ‘Those
who have for many years stressed the importance of sta-
tistical thinking in medicine cannot be entirely happy to
see statistics become established as a subject in the under-
graduate curriculum . . .”. This sounds counter-intuitive
or self-contradictory, but his worry is that this will shift
the focus to ‘board examinations which foster static peda-
gogy’ and undermine the potential for statistics in medi-
cine to break down ‘interdepartmental barriers’ and to
establish ‘a set of principles by which we can draw valid
conclusions from experience’. The third and pragmatic
reason is that he had developed course notes, and this
would provide a broader outlet for their use while propa-
gating his views on medical statistics.

His views are reflected in the style of the book.
Although he gives, for example, the details of how to per-
form chi-squared tests on categorical (described by
Mainland as ‘enumeration’) data and #-tests on continu-
ous (‘measurement’) data, he intersperses this with broad
ranging discussions of when they should be used and how
they should be interpreted. This intermingling in presen-
tation is intentional, and important enough to him that he
adopts it. This is clear because he signposts in the intro-
ductions of various chapters that a ‘student’ might better
study the pages dealing with the details of the methods
before returning to the material which relates to broader
issues regarding their application.

Some of these broader issues will be highlighted in the
Appendix for this article, which examines the chapters of
Mainland’s book individually. However, the issue of ran-
domisation, and causal inference more generally, is of
particular interest at the present time to statisticians and
medical researchers more generally, and the coverage of
this topic in Elementary Medical Statistics is examined
separately in the next section.

Randomisation and causal
inference

Randomisation per se is first mentioned in Chapter 2,
titled ‘On Looking at Evidence’, under the heading ‘Lack
of Objectivity’ (p. 27). Mainland uses the 1948 publica-
tion reporting the results of the MRC streptomycin trial in
pulmonary tuberculosis to illustrate how objectivity must
be planned into an investigation. His first observation is
that, prior to the trial, there were indications that strepto-
mycin might be more beneficial than alternative treat-
ments and that, therefore, physicians might want to
preferentially give this treatment to certain patients.
Mainland, at this point, says simply ‘This risk was
avoided by the sampling method that will be described in
Chapter 4’. That method is randomisation. A key feature
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of this procedure is likely to be independence of assign-
ment. His second comment on objectivity relates to
blinded reading of x-ray films, which was also a feature of
the MRC trial.

It is in the section ‘On Planning a Simple Experiment’
in Chapter 4 that the term ‘Random Sampling’ appears as
a sub-heading. In fact, ‘random’ is a very broad word but,
in the context of experimentation, it can be regarded as
arising when experimental subjects, or items, are assigned
a treatment by an ‘objective impersonal procedure’ 3! In
this section on random sampling, after discussing the
value of systematically ensuring a balance between two
treatment groups with respect to some known risk factors
in reducing variability, Mainland writes (p. 103) that this
should be done ‘not as far as possible, but as far as it is
convenient and useful [his emphasis]’. To deal with the
inevitable differences in other factors that might influence
outcome, which cannot be distributed equally to the two
treatments, he writes ‘we must allocate them in such
a way that we can tell what allowance to make for the
inequalities’. Furthermore, ‘The only way to do this is to
make chance decide for us’.

In these two excerpts, Mainland is addressing, respec-
tively, the two aspects of randomisation that are outlined
by David Cox in his book Planning of Experiments
(p. 85).3! These are:

e ‘that in a large experiment, it is very unlikely that
the estimated treatment effect will be appreciably
in error’

e ‘that the random error of the estimated treatment
effects can be measured and their level of statisti-
cal significance examined, taking into account all
possible forms of uncontrolled variation subject to
(1)’ where (1) refers to the error structure assumed.

The first aspect relates to allowing the definition of an
unbiassed estimator of a defined treatment difference, the
estimand of interest. Generally, a key feature of this is the
avoidance of confounding. The second relates to the prop-
erties of the estimation process.

Alternate allocation

In 1952, in clinical trials, the first purpose of randomisa-
tion was increasingly recognised, but there was frequent
reference to a supposed method of randomisation based
on alternate allocation of patients to the two treatments
under study. Matthews*® has provided a careful investi-
gation of the history of this method and highlights
Mainland’s criticisms of this methodology. In the section
in Chapter 4 on random sampling in Elementary Medical
Statistics, Mainland simply highlights that alternate allo-
cation ‘is not strictly equivalent to random sampling’ and
gives some possible examples of systematic differences

that might be introduced. He returns to this topic in a later
chapter (p. 268): here he gives a further example of how
an unknown ‘rhythm’, due to differential risks and patient
numbers on days of the week, could bias results. He con-
cludes by saying ‘When an investigator employs a method
that is not strictly random as if it were equivalent to a
random technique, the onus is on him to prove it justifia-
ble by experiment, not argument; and this, even if possi-
ble, would entail a very large investigation’.

These arguments reflect Mainland’s belief, outlined in
the section ‘How Randomization Acts’ in Chapter 4 (p.
104), that ‘Random sampling is the only way to equalize
the risk of hidden bias’ [his emphasis].

As Matthews® highlights, Mainland’s strong aversion
to alternate allocation, reflecting Fisher’s influence, was
not shared by other medical statisticians, notably Hill, at
least during this time period. Armitage writes, about Hill’s
later (1990) reflection on the MRC streptomycin trial,
that Hill felt ‘that alternations of successive cases might
have been successful if strictly adhered to, but he (Hill)
wrote “it’s a very big IF”’. However, Matthews very
appropriately highlights that Hill’s writings largely do not
reflect this perspective, and he often presents it as a cred-
ible method of treatment allocation.

Mainland’s distaste for an approach that carries infer-
ential risks is more generally expressed in his otherwise
favourable review? of the book Controlled Clinical
Trials® which is a collection of articles, edited by Hill,
given at a 1959 conference on clinical trials in Vienna.
While recommending the book, Mainland did introduce
one caution. He suggested, referring to a comment by
Hill, that the reader should not be ‘beguiled by a statisti-
cian’s understatement (p. 17) that “however carefully a
trial has been planned occasionally things will go wrong™’.
He then highlights a clinician’s contribution (p. 166) that
‘a clinical trial is a serious matter and is not to be under-
taken lightly . . . It is important to get the answer right,
and this means that an enormous amount of trouble has to
be taken in the planning, execution and publication of a
trial’. This is clearly Mainland’s view.

Error estimation

Mainland’s insistence on randomisation, or experimental
justification of any alternative, could be said to reflect the
high priority Fisher gives to randomisation in his writing.
However, in the context of agricultural experiments in
which Fisher primarily worked, Fisher seems to simply
assume the value of randomisation to prevent biased
treatment estimates and focuses in much more detail on
the issue of error estimation. For example, in his book,
Design of Experiments®’ on page 72, Fisher’s section on
‘Bias in Systematic Arrangements’ illustrates how sys-
tematic arrangements thought to bring balance to treat-
ment assignment can lead to incorrect estimates of error



Farewell

145

for the treatment comparison. The error variance is larger
than it should be when the systematic arrangement serves
to eliminate the variation due to a particular risk factor,
but the analysis then assumes that the treatment assign-
ment is random over this factor. If the systematic arrange-
ment happens, incorrectly for whatever reason, to increase
imbalance with respect to the risk factor, then the error
variance can be artificially reduced. Thus, the control of
confounding and assumptions about the error structure
themselves become confounded. This discussion reflects
Fisher’s earlier arguments, pages 20-24, that randomisa-
tion provides a physical basis for the validity of signifi-
cance tests concluding ‘the simple precaution of
randomisation will suffice to guarantee the validity of the
test of significance, by which the result of the experiment
is to be judged’.

Mainland certainly affirms this value of randomisation.
Immediately following his section ‘How Randomization
Acts’, Mainland addresses ‘Interpretation after Random
Sampling’. The point he makes here is that the additional
benefit of randomisation is that ‘. . .we can, after the
experiment, use our knowledge of chance to interpret the
results’. This clearly relates to the second aspect of ran-
domisation. However, Mainland does perhaps pay more
attention to the possibility of bias from unknown factors.
This is addressed in the section ‘How Randomization
Acts’ as discussed earlier, and he again addresses it in the
section ‘Interpretation after Random Sampling” where he
addresses the possibility of ‘something else’ influencing
a significance test result. He writes, ‘If treatments V and
W were not allocated at random, the something else might
be . .. some bias due to unknown factors’. In addition,
Mainland’s illustrations of the problems with non-ran-
domised studies, discussed in the previous section, relate
to systematic arrangements leading to bias in the estima-
tion of the treatment effect, not, or not solely, in the esti-
mation of the error variance of that effect.

But, and it is an important but, Mainland’s recogni-
tion of the use of randomisation to justify tests of sig-
nificance contrasts sharply with the writings of Hill,
who, as far as it appears, pays little or no attention to this
matter. As Armitage>* says, and Matthews,® following
Silverman and Chalmers,* highlights, Hill had little
interest in statistical theory in general. Indeed, Matthews
goes further to argue that (a) Hill’s attitude was not just
indifference to ‘technicalities’ but was actively dismiss-
ive and (b) this led to his failure to see the importance of
randomisation in drawing inferentially reliable conclu-
sions from clinical trials.

Alternate allocation and error estimation

In a general sense, Armitage (2003)"® argued that Hill’s
views of randomisation were influenced by the context in
which he advocated it. Basic principles of comparative

experimentation were widely accepted in the agricultural
setting within which Fisher worked, but fundamental con-
cepts such as the need for simultaneous control were still
having to be emphasised in the medical context. Alternate
allocation might have been seen as the simplest thing to
advocate for this control to those for whom randomisation
might have seemed difficult to implement or somehow
incompatible with medical care.*°

Mainland’s insistence on randomisation in clinical tri-
als may have been, as Matthews argued, primarily moti-
vated by his understanding of the broader arguments for
randomisation, and, perhaps, because his original medical
research was in the context of laboratory studies in anat-
omy, within which the introduction of randomisation
would have been less problematic than in trials. Combined
with his personal exposure to Fisher, his prescient advo-
cacy of ‘proper’ randomisation in trials is as understand-
able as it was valuable.

With respect to the risks of alternate allocation, the pri-
mary one is surely the introduction of accidental bias as
discussed earlier, or perhaps, with the same result, selec-
tion bias if assignment is not concealed. The potential for
errors in variance estimation is, however, also important.
The assumption of no bias must be combined with the
assumption of an appropriate sampling frame for statisti-
cal inference if alternate allocation is to be appropriate.

Randomisation supplies, to use the terminology of
Yates,’® an ‘objective’ sampling frame, and the validity
of significance tests and confidence intervals depends
either on this or on an assumption that the data can be
regarded as coming from a suitable sampling frame. As
indicated in a personal communication to Iain Chalmers,*’
Armitage recognised that alternation can go wrong in
this respect if successive responses are not statistically
independent but he doubted ‘whether the effect would be
important’. In spite of this, one suspects that Armitage,
and Mainland would have agreed that the safest approach
is true randomisation.

The importance of an objective sampling frame is that
it justifies the probability calculations used in signifi-
cance tests. Independence of observations is critical and
this is generally combined with distributional assump-
tions. Probability calculations may be numerically ‘exact’
as for Fisher’s test for 2x 2 tables based on binomial dis-
tribution assumptions, although these can be derived from
first principles as well, or for #-tests or F-tests based on
initial assumptions that the data are drawn from normal
distributions. Mainland mentions such calculations
throughout his book while also pointing out the situations
when approximations are practically useful and accurate,
for example, for chi-squared tests for contingency tables.

The additional advantage given through randomisation
however is that significance testing can be performed
based only on the randomisation distribution without
the need for distributional assumptions. Fisher, it seems,
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regarded this as less important practically as evidenced in
his book The Design of Experiments where he writes (pp.
50-51 of the first edition),?” in referring to a test of the
difference in two normal means:

‘There has, however, in recent years, been a tendency
for theoretical statisticians, not closely in touch with the
requirements of experimental data, to stress the element
of normality in the hypothesis tested, as if it were a seri-
ous limitation to the test provided. It is, indeed, demon-
strable that, as a test of this hypothesis, the exactitude of
“Student’s” t-test is absolute. It may, nevertheless, be
legitimately asked whether we should obtain a materially
different results were it possible to test the wider hypoth-
esis which merely asserts that the two series are drawn
from the same populations, without specifying that this is
normally distributed’.

Frank Yates, Fisher’s close collaborator, writes con-
sistently with this view, in a slightly different context, that
questioning the validity of a random experiment ‘because
the original material is not normally distributed’ must ‘be
regarded rather as a debating point than a serious objec-
tion’ on page 441 of a 1939 article.?¢

Rosenberger et al.,*® noting current computing capa-
bilities, nevertheless makes a strong case for the use of
randomisation tests, even or even especially in more com-
plex trials. Also, the use of a randomisation test might be
seen as a simple example of ‘assumption lean inference’*
which more generally argues for robustness of inference
to allow for mis-specified models. In addition, minimally,
as is also highlighted by Rosenberger, the examination of
randomisation tests can be very helpful in understanding
the nature of an experiment and the essential aspects of
any analysis that is adopted, whether a formal randomisa-
tion test is used, or even practical. An earlier illustration
of this is given by Nelder.*’ This is also consistent with
the remark of Cox*' concerning clinical trials: ‘While the
final analysis may not be based explicitly on the randomi-
zation distribution, it is necessary that there should be
some broad correspondence with randomization theory’.

However, all these authors would also agree that
some medical studies are, and may have to be, observa-
tional and do not involve randomisation of comparison
groups. In these studies, the two problems of bias and
error estimation cannot be removed by randomisation so
other arguments must be made. These are explored in
the next section.

Non-randomised studies and causal
inference

On page 5 of Elementary Medical Statistics, Mainland
says that there is ‘no absolute division between observa-
tion with experiment and observation without experi-
ment’. Later in the same chapter on page 37, he deals
specifically with the issue of ‘Causal Interpretation’.

While he describes this section as a ‘glance’ at the topic,
it is noteworthy that the flavour of the discussion is totally
consistent with the, now famous, criteria for causation in
the presence of a demonstrable association that were
given by Austin Bradford Hill in a 1965 article.** This
1965 article builds on or is closely linked with prior work
by Yerushalmy and Palmer,”® the 1964 US Surgeon
General’s report on Smoking and Health** and an earlier
1962 article by Hill.*

Mainland’s discussion first acknowledges the issues
raised due to the multiplicity of causes that may play a
role in a disease process. He then specifically, referencing
Greenwood*® who wrote that any causal interpretation of
an association must be credible biologically, acknowl-
edges that this depends on the state of knowledge con-
cerning the disease process, and, specifically, that the
time relationship between putative cause and effect must
be sensible. Summarising later, he describes this as show-
ing ‘why’ a demonstrable association occurred.

It is certainly noteworthy that Mainland presents such
a discussion well before it gained the prominence it did in
the later part of the 1950s, through discussions of Doll
and Hill’s work on the link between smoking and cancer.
Parenthetically, it can also be noted that, in this discus-
sion, Mainland alludes to the plausibility of a link between
cigarettes and mortality from heart disease, a link which
leads to more deaths than the lung cancer link although
the relative risk is lower.

With respect to the statistical methods to be used in
observational studies, Mainland writes, following his
observation of no absolute division between observa-
tional and experimental data ‘One of the most important
techniques in Fisher’s Statistical Methods was illustrated
in the study of rainfall records; and the methods of sam-
pling and analysis of observational data in public health
are now being changed in accordance with the new meth-
ods’. Therefore, it is clear that Mainland accepted the
validity of statistical methods, that is, that they have
known error properties, in non-randomised studies, and
this is separate to the issue of drawing causal inferences
from such studies. It is not the validity of a significance
test that is questionable, it is its meaning, that is, the
broader inference, that can be drawn from them.

With respect to the sampling frame that underlies sig-
nificance testing in observational studies, Fisher is some-
times characterised as a frequentist, a term that relates to
the notion of the long-run behaviour of statistical proce-
dures. Cox*” however writes:

‘Fisher is often thought of as frequentist in his thinking, but
this is rather misleading. He strongly emphasised that when
probability was used to describe what underlay a set of data,
he did not have in mind probability as a limiting frequency
over a large number of repetitions. Rather, by probability
Fisher meant a proportion in a hypothetical infinite
population, the data being regarded as a random sample from
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that hypothetical population. This in particular allowed the
associated methods to be applied to situations, such as
studies of literary authorship, in which direct replication of
the data was inconceivable’.

Discussion
A remarkable career

In his biography of Mainland, Altman®* wrote ‘Donald
Mainland’s career was remarkable, with a unique move
from anatomy to medical statistics and clinical trials’.
Mainland is not unique among early medical statisticians
in moving from medicine to medical statistics. Major
Greenwood*® and Raymond Pearl'’ are other, earlier,
examples. Indeed, while the pathway from medicine to
medical statistics is not as evident currently, it is not
unknown and probably still brings some particular advan-
tages. However, there is a uniqueness in Mainland’s move
from the field of anatomy where experimentation was a
central feature of research. This background might be a
factor that contributes in different ways to the continued
relevance of Mainland’s book and was surely a factor in
his recognition that Fisher’s work on experimental design
and statistical inference should inform medical research.

The remarkableness of Mainland’s career is not
solely linked to his appreciation of Fisher however. As
evidenced in his treatment of randomisation and causal
inference, Mainland was concerned with many aspects
of the treatment of medical data, and this is even more
evident when examining the full contents of his 1952
book which is done in the Appendix to this article®*>°,
For example, as Neuhauser et al.** and Matthews®
pointed out, factorial designs, which Fisher promoted,
were identified as important by Mainland but little men-
tioned by other medical statisticians at that time.
Furthermore, Mainland covers two topics that were little
discussed at that time but which are currently major top-
ics of interest in medical statistics. These are intercur-
rent events discussed in Chapter 4 and mixture models
in Chapter 5. The brief remarks on these in the Appendix
are included here as well.

Intercurrent events

There is a brief subsection in the section on experimental
planning in Chapter 4 on what Mainland calls intercurrent
events. This would appear to be the first use of this, now
more commonly used, term, often in the context of dis-
cussions of intention-to-treat,”**! to refer to the possibil-
ity of events taking place after treatment which may
influence the patient’s outcome. The given examples of
these events are treatment supplementation, change of
treatment, accidents or diseases which may or may not be
associated with the condition under study, the suspension
of treatment for the patient’s business or domestic affairs

and loss of follow-up of a patient for a variety of possible
causes including death. Mainland summarises what
should be done as follows: ‘In deciding what should be
done with data from any such patients the criterion must
always be whether their inclusion or omission would
introduce bias. Unless the appropriate decision is obvi-
ous, the best plan is to analyse all the data together, then
to analyse the special cases and the main series sepa-
rately’. The inclusion of such a section in 1952 seems par-
ticularly remarkable.

Mixture models

A short subsection of interest in Chapter 5, titled
‘Heterogeneous Samples’, makes the general point
about being aware of known heterogeneity but focuses
on the example of dental caries where patients with
zero-caries may have a high or low frequency independ-
ent of the frequencies of non-zero categories of caries.
This can be seen to be an early example of the possible
value of mixture models for zero-heavy count data and
other similar data.’?

Final remarks

As indicated previously, the writing of Elementary
Medical Statistics was motivated by Mainland’s interest
in the teaching of statistics to students of medicine.
However, as discussed in Section 3, Mainland had reser-
vations about its formal introduction into medical train-
ing. The debate on how medical statistics is best
introduced continues in medical schools today although,
due to Mainland and others, its importance is unques-
tioned. Reflection on Mainland’s writings can certainly
contribute to this debate.

Finally, I should like to note the influence of Mainland
on the late Tony Johnson? with whom I had the privilege
of writing numerous articles on the history of medical sta-
tistics, some of which are referenced in this article. Tony
entered the field of medical statistics from mathematics.
A key book for him, when he needed a rapid introduction
to the field, was FElementary Medical Statistics by
Mainland, likely the second edition. It was therefore part
of the foundation of Tony’s long career in medical statis-
tics and, I am sure, the work of many others has also been
influenced by the passion of Mainland in making statisti-
cal thinking a key component of medical research.
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