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The processes of statistical inference,
those of causal inference, and those of
reaching decisions often overlap, but the
principles that govern them are not the
same (1). Clinicians, epidemiologists and
applied statisticians often experience a
tension between the formal requirements
of a statistical test of a result on the one
hand, and the practical requirements of a
judgment about the application of the re-
sult on the other. Formal statistical tests
are framed to give mathematical answers
to structured questions leading to judg-
ments, whereas in any field practitioners
must give answers to unstructured ques-
tions leading from judgment to decision
and implementation. These questions of
decision generally hinge around judg-
ments about causality and prediction (2).
Once-famous historical controversies will
serve to illuminate them. The approach is
thus that of the case-history and not of the
epidemiologic survey, with all the selectiv-
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ity the method implies. Nonetheless, from
our position of after-knowledge, we have
the advantage of observing major figures
exercising their judgments as part of the
historical evolution of-decisions of which
we know the consequences.

An early illustration of a statistician’s
mathematical answer to a structured
question is William Farr’s formula, the
first for an epidemic curve. Farr, a physi-
cian appointed as the Compiler of Statisti-
cal Abstracts of the newly-founded Gen-
eral Register Office in London in 1839,
analyzed the data for the smallpox epi-
demic of 1837-1839 to show how the disease
regularly rose to a peak and declined (3, 4).
He then calculated the equivalent of a nor-
mal frequency curve and showed that it
fitted the observed frequencies of smallpox
deaths by quarter-year (5, 6). Exhibit 1 is
taken from Farr’s report.

An illustration, some 25 years later, of
an epidemiologist making a judgment
about a practical question is again pro-
vided by William Farr, in a letter to the
London Daily News of February 17, 1866
about the raging and unfamiliar rinder-
pest epidemic among cattle (6). As mortal-
ity among animals continued on a sharply
rising curve, the Right Honourable Robert
Lowe, a major figure in the parliamentary
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ExHisiT 1

Extracts from William Farr’s letter to the Registrar General, Second Annual Report of the Registrar General,
1840 (from Humphreys NA (ed.): Vital Statistics: A- Memorial Volume of the Reports and Writings of William
Farr. London, Sanitary Institute of Great Britain, 1885, pp. 318-319 (reference 4))

Small-Pox
1837 1838 1839

Periods 1 2 3 4 5 6 7 8 9 10
Seasons Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn
Deaths 2513 3289 4242 4489 3685 3851 2982 2505 1533 1730

If the latent cause of epidemics cannot be dlscovered the mode in which it operates
may be investigated. The laws of its action may be determined by observation, as well
as the circumstances in which epidemics arise, or by which they may be controlled. ‘!

Amidst the apparent irregularities of the epidemic of small-pox, and its eruptions all
over the kingdom, it was governed in its progress by certain general laws. The deaths
in the early stage of the epidemic were not registered. To avoid circumlocution, it will
be convenient to call the ten quarters in which the deaths were registered the ten
periods, the first quarter the first period, the second the second period, etc., etc. The
mortality increased up to the fourth registered period; the deaths in the first were 2513,
in the second 3289, in the third 4242; and it will be perceived at a glance that these
numbers increased very nearly at the rate of 30 per cent. For multiply 2513 by 1.30 and
it will become 3267; multiply 3267 by 1.30 and it will become 4248. The rate of increase is
retarded at the end of the third period, and only rises 6 per cent in the next, where it
remains stationary, like a projectile at the summit of the curve which it is destined to
describe.

The decline of the epidemic was less rapid than its rise, and the mortality was
somewhat greater in the autumns of 1838 and 1839 than in the summers. But by taking

the mean of the deaths in the third and fourth period, the mean of the deaths in the

fourth and fifth period, etc:, etc., a regular series of numbers is produced.

Deaths observed in the decline of the Epidemic
1 2 3 4 5 6 7
4365 4087 3767 3416 2743 2019 1631
Deaths in regular series

1 2 3 4 5 6 7
4364 4147 3767 3272 2716 2156 1635

The 4365 may be considered to represent the deaths that happened between the
middle of February and the middle of May. The regular series of numbers has been
calculated upon the hypothesis that the fall of the mortality took place at a uniformly
accelerated rate.

The calculated numbers are sometimes a little too high, and sometimes too low; but,
on the whole, the agreement is remarkable. The second number (4147) is nearly 5 per
cent lower than the first; and the decrease is successively 5, 10, 15, 20, 26, and 32 per
cent. The rates of decrease are 1.052, 1.101, 1.152, 1.205, 1.260, 1.318. The division of
4364 by 1.052 reduces it to 4147; the division of 4147 by 1.101 produces 3767, etc. The
mortality decreased at accelerated rates; and the rate of acceleration was 1.046, which,
by successive multiplication, will reproduce all the rates, 1.052, 1.101, etc., etc. The rate
1.046 may be called the constant.
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opposition, announced impending national
doom. Mr. Lowe’s argument was that . . .
there is no reason why the same terrible
law of increase which has prevailed hith-
erto should not prevail henceforth.” Farr,
even though he was a longtime civil serv-
ant, did not hesitate to confute Mr. Lowe
in the press. “No one,” he wrote, “can ex-
press a proposition more clearly than Mr.
Lowe but the clearness of a proposition is
no evidence of its truth.” Previous experi-
ence of epidemics, Farr argued, showed
that the alarm was false, and that a de-
cline from the peak would soon follow. He
made his prediction of a downturn merely
on the basis of a series of four 4-week
averages of mortality. Nothing but judg-
ment founded on his 30-year experience
could have allowed Farr to venture so
much on so little, and his prediction, al-
though a little optimistic, was soon con-
firmed (see Exhibit 2).

In another such controversy that I will
use as an example, the protagonists, Karl
Pearson and Almroth Wright, were more
evenly matched. In 1896 Wright had devel-
oped a vaccine against typhoid (more or
less at the same time as Pfeiffer) (7).
Wright'’s vaccine had been tried out among
volunteers in the British Army first in
India and later in the South African war
(8). In 1904 a specially appointed Commit-
tee of the Medical Advisory Board to the
War Office, including Wright, recom-
mended on the basis of the data collected

by these means that the Army adopt rou-

tine inoculation against typhoid.

The Medical Advisory Board referred
the Committee’s report to Professor Pear-
son (who, Wright said, was a Rhadaman-
thys to whom all inoculators must come to
have judgment passed). Pearson’s review
of the data was published in the British
Medical Journal of November 5, 1904 (9).
He separately analyzed the data for inci-
dence (these came from five sources) and
for case-fatality (these came from six). In
each case, he calculated a (tetrachoric)
coefficient of correlation.

Pearson appreciated the insufficiency of
statistical significance alone for making
decisions. In advance of his analysis, he
ingeniously derived a judgmental criterion
from the available experience with small-
pox and diphtheria inoculation, both of
which were by then in use. Pearson de-
cided that with a correlation coefficient
of 0.6 or more, as with smallpox, the new
procedure would be clearly justified; he
noted that even with a coefficient between
0.24 and 0.47, as with diphtheria antitoxin
treatment, the procedure had been “uni-
versally” adopted by the medical profes-
sion, and the typhoid vaccine could be rec-
ommended above this level.

The results were as follows (Exhibit 3):
In all but two of the eleven instances (IV
and VII on the table), “the correlations
were at least twice, and generally four,
five, or more times their probable errors”,
and hence statistically significant by Pear-
son’s own criterion. But the mean value of
the correlations fell below the acceptable
preset level (“0.2 or even 0.3”). Unlike
smallpox vaccination, wrote Pearson, the
effect of typhoid inoculation was inconsist-
ent: in his words, “largely influenced by
differences of environment or of treat-
ment,” and he did not think the results
yielded a pattern sufficiently coherent to
be trustworthy.* He recommended further
investigation and prophylactic trials, and
the suspension of inoculation as a routine
measure. He wrote further that “if it were
not presumption . . . I should say that the
data indicate a more effective serum or
effective method of administration must be
found before inoculation ought to become a
routine practice . . . ”

Wright responded to Pearson’s report,
and an accompanying editorial in the Bri-
tish Medical Journal, with a tirade (10,

* Both Pearson and Wright were aware of the
problems of using volunteers, in terms of self-selec-
tion and comparability with controls. Pearson
thought that the caution of volunteers for vaccina-
tion may have accounted for the variation in the
South African results between immobile and mobile
troops.
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1865
November 4 9,597
December 2 18,817
December 30 33,835
1866
January 27 - 47,191
February 24 43,182 57,004
March 24 21,927 27,958
April 21 5,228 15,856
May 19 494 14,734
June 16 16 5,000 (about)
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EXHIBIT 2. Epizootic cattle plague (rinderpest) epidemic, London, October 1865 to June 1866. (Data
taken from Langmuir A: The role of William Farr in the development of the concept of surveillance
(unpublished paper).)
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Inoculation against enteric fever

Inoculated Non-inoculated h?:log‘?ll;{i:: d Odds
Ratios
No. Cases Deaths No. Cases Deaths r P.E. :
I. Hospital Staffs . 297 32 2 279 75 12 373 = .021 3.04
II. Ladysmith Garrison 1,705 35 8 10,529 1,489 329 445 = 017 7.86
OI. ‘Methuen’s Column 2,535 26 ? 10,981 257 ? 191 + 026 2.31
IV. Single Regiments 1,207 72 9 1,285 82 21 .021 = 033 1.07
V. Army in India 15,389 128 20 136,360 2,132 569 .100 = .013 1.74
Mean Value .226
Case Fatality
Recoveries Deaths ‘Recoveries Deaths and Inoculation
r P.E.
VI. Hospital Staffs 30 2 63 12 .307 = 128 2.86
VII. Ladysmith Garrison 27 8 1,160 329 -.010 + .081 .96
VII. Single Regiments 63 9 61 21 .300 = .093 241
IX. Special Hospitals 1,088 86 4,453 538 .119 = .022 1.53
X. Various Military 701 63 2,864 510 194 + 022 1.98
Hospitals
XI. Army in India 73 11 1,052 423 .248 = .050- 2.67
Mean Value .193

* Adapted from Pearson K: Report on certain enteric fever inoculation statistics. Br Med J 2:1243-1246,

1904 (reference 9). Odds ratios added.

11). Through the rest of November to the
end of December, week by week and salvo
by salvo, Wright and Pearson exchanged
eight more furious and sometimes insult-
ing letters (12-19). Wright’'s main de-
fense —attack might better describe it—
was in essence that field trials, especially
in wartime; were bound to produce incon-
sistency. He stressed two sources of unreli-
ability: (1) histories of inoculation were
unreliable, and (2) the clinical diagnosis of
typhoid fever was even more so. The au-
topsy diagnosis, by contrast, was accurate,
and in ‘the peacetime Army in India,
where autopsies were a requirement,
(Wright said) mortality rates showed a
powerful and consistent advantage of
threefold or more in favor of inoculation.

After being sharply chided by Pearson
for nowhere taking account of chance de-
viations, Wright summed up as follows
(18):

Please let me remark, in passing, that it is a
difference of opinion with regard to this ques-

tion which is at bottom responsible for the en-
gendering of the present discussion.

Professor Pearson, I take it, sees in the opera-
tion of chance the most important of all sources
of fallacy. He demands, if I understand him
right, that the effect of this factor shall be in
each case set out in the form of a mathematical
expression.

The weight of medical opinion is, I believe,
with me when I contend against Professor Pear-
son that the operation of the factor of chance:is
not by any means the most serious cause of
fallacy in medical statistics. If it were, all that
would be necessary to the attainment of perfect
statistics would be to insist in each case on the
bringing together of considerable figures. I am
confident that medical statistics are vitiated
much more seriously by those other sources of
fallacy which I have dealt with in my critical
commentary. I refer to the fallacy of a want of
conformity between the “test cases” and the
“control cases”, to the fallacy which is associ-
ated with the uncertainty of clinical diagnosis,
and to the fallacies which are introduced by the
carelessness, untrustworthiness, or ignorance
of individual observers.

Issues are settled, not by statistics, but
by political decision. Lord Haldane, Secre-
tary of War, became convinced that inoc-
ulation was useful and necessary. Haldane
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got Wright a knighthood to shore his repu-
tation as a scientistf and the Army pro-
ceeded with use of the vaccine (7).
Pearson’s doubts were not ignored en-
tirely. In a program directed by Wright's
former co-worker, Leishman, vaccine use
was monitored over a three-year period by
trained medical officers assigned to every
unit going abroad during this time (20, 21).
Exhibit 4 shows the results of this experi-
ence published by Leishman. They were
eloquent, as Leishman wrote, but less con-
clusive than he thought (22). The inocu-
lated were volunteers; the diagnostic crite-
ria were not definitive and the medical
officers who made the diagnoses in affected
cases were not necessarily blind to inocula-
tion status; and the composition of the ex-
posed population was not stable because
men were posted to and from units. Fur-
ther, any attempt to measure duration of
exposure was confounded because some
men volunteered for vaccination after
posting abroad, sometimes in the face of a
threatened epidemic or after it, and these
records were not collected (22). The Army
Report (21) assigned men to inoculated
and uninoculated groups according to their
status at the end of the observation period,
thus inflating the duration of exposure for
the inoculated (some of whom were unin-
oculated for part of the time) and artefac-
tually lessening their apparent risk of con-
tracting the disease over a given period.
Greenwood and Yule (23) corrected for
this error by reversing this procedure, a
stringent test; they assigned men to inocu-
lated and uninoculated groups according
to their status at the beginning of the ob-

t Colebrook (7, p.40) states: “John Freeman has
told how it came about —on going home from work in
the early hours of the morning, they found a letter
from Lord Haldane. . . . He said there was no agree-
ment among the Army Medical authorities about
the inoculation policy, but it had got to be adopted.
To achieve that he must build up Wright as a great
man, and the first step in that process was to make
him a knight.” In this role Wright can be recognized
as Sir Colenso Ridgeon, newly knighted in the open-
ing scenes of George Bernard Shaw’s play, The Doc-
tor's Dilemma.

servation period, thus deflating duration
of exposure for the inoculated and artefac-
tually raising their apparent risk. This
calculation halved the relative risk of the
uninoculated compared with the inocu-
lated from six- to three-fold, still a signifi-
cant effect. By the time of World War I,
these further data had much strengthened
the case for the vaccine, and inoculation
was in regular use in the British and
French armies. The vaccine probably
saved many lives.

As Cockburn pointed out on the counter-
vailing side, however, there is no way of
quantitatively assigning the reason for the
reduced incidence among vaccination and
the concurrent changes in clean water sup-
plies and personal and food hygiene (22).
One should note how large the possible
costs of wrongly introducing such a vac-
cine could have been. A half century
passed before anyone had the courage
again to conduct a controlled prophylactic
trial of typhoid vaccine. In the 1950°s such
a trial became possible because of the dis-
covery of an antibiotic (chloromycetin) ef-
fective against typhoid fever; happily the
vaccine proved efficacious (24).

The angels were on Wright's side. We
might with profit ask ourselves why so
great a statistician as Pearson did not per-
ceive them hovering about the head of the
man come to judgment. He rendered a sen-
sible initial opinion. The pugnacity of the
polemics and a self-serving element in
some of Wright's arguments forced Pear-
son into an increasingly negative stance as
the debate proceeded. The question of
judgment must be examined in terms of
reason rather than affect, however, and it
seems to me that on a number of points
Wright sustained his argument better
than did Pearson.

Pearson used two quantifiable criteria.
The results satisfied his first strictly sta-
tistical criterion; they were well beyond
the usual bounds for chance events. They
did not satisfy his second criterion: the
strength of the association did not meet the
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preset standard he had estimated from the
only two pre-existing vaccines. While
strength of association is a quantitative
criterion, its application requires judg-
ment.

Much of the passion Wright and his
medical supporters felt was indirectly in-
spired by this criterion of strength of asso-
ciation. The criterion, in the form of a
correlation coefficient, ignores attributa-
ble risk; it does not bring into the judg-
ment, as we have since learned to do, the
scale of benefits and costs for the popula-
tion. In consequence, Pearson could be,
and was, accused of callousness to the life-
saving and preventive potential possessed
even by this relatively inefficient vaccine.

Wright showed superior intuition with
regard to a third quantifiable criterion,
the ability of the trial of the vaccine to
detect an effect (which I shall loosely de-
scribe as power), and the effect of random
measurement error upon it. Wright recog-
nized, as Pearson seemed not to, that mea-
surement error must have suppressed the
strength of the positive association that
was found. As a practical consequence,
had Pearson recognized the effect of the
greater chance of misclassifying typhoid
than of misclassifying smallpox or diph-
theria, he might have been prompted to
relax the level of his criterion of strength
of association.

Readers will not need reminding of the

importance of the power of a test (25, 26).
They may need reminding, however, of the
bias toward skepticism in conventional
procedures of inference. Analytic strate-
gies for avoiding false negatives are few,
aside from the statistical criterion of
power, and aside from the analytical elab-
oration of data that tests internal validity
and reveals conditional or suppressed or
distorted associations (2). Much statistical
strategy aims to avoid false positives, in-
ferences that give credence to causahty
where none exists.

Human minds seem to be more credu-
lous than skeptical, and most people need

protection against being gulled. Yet undue
skepticism can be as dangerous to scien-
tific progress as credulity. Statisticians
and epidemiologists are properly profes-
sional skeptics. But we must be aware of
the trained incapacity to believe in -posi-
tive results. As the White Queen implied
to Alice, one may have to practice believ-
ing. Why, one might ask, is the conven-
tional level above*'which we reject the null
hypothesis and accept a positive result set
at one chance in 20, and the conventional
level above which we accept the null hy-
pothesis and reject a positive result set at
one chance in five? Any disparity should
rest on a weighing of the gravity of the
error of accepting or rejecting an hypothe-
sis, but the costs of rejecting a positive
result seem rarely to be considered (26,
27).

Wright's intuition was superior also
with regard to an unquantified criterion of
judgment; namely external validation of
the data by consistency on replication. The
epidemiologist does not have the opportun-
ities for exact replication which enable the
physical scientist to demonstrate consist-
ency. His most powerful alternative to ex-
act replication is consistency of a finding
on repeated tests (28, 29). The strength of
the argument rests on the fact that diverse
approaches produce similar results. There
were, by Pearson’s grouping, 11 independ-
ent replications of the test of the vaccine,
and nine of these 11 yielded statistically
significant associations. Pearson combined
all the tests, and based his judgment only
on the single quantitative measure of the
unweighted mean value of the 11 correla-
tion coefficients.

The force of external validation by con-
sistency on replication was emphasized by
Selvin (30). He explored the principles in-
volved in Durkheim’s studies of suicide
and religious affiliation, and applied a
crude probability test to show the much
higher degree of significance obtained
than could be attributed to any one study.
Long ago, J. S. Mill stated this criterion as
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the “method of agreement; all the situa-
tions are different but they have one cir-
cumstance in common.” Here lies the par-
ticular cogency of the 36 studies reviewed
by the Surgeon General’s Committee on
Smoking and Health (31). This is not “the
mere repetition of evidence of the same
kind,” as R. A. Fisher described these
studies (32).

Another non-quantitative criterion of
judgment necessarily applied by scientists
to the interpretation of data is their coher-
ence, in the sense of the reasonableness of
the association in biologic terms (28). Here
Wright was fortunate in his intimate
knowledge of his experimental results on
the bactericidal properties of the vaccine
in vitro, as well as of the field conditions of
the trial (for instance, the variability of
batches of vaccine, the weaknesses of data
collection and so forth). On the other side,
retrospectively, Pearson seems rash in his
readiness to judge the data for their coher-
ence when he had not made a close exami-
nation of their collection and processing.
He seems to have exercised what
amounted to a self-denying ordinance.
When Wright charged that Pearson had
refused an invitation to discuss the results
with Wright and his fellow committee
members some time before he undertook
the inspection and analysis of the results,
Pearson defended his position with the
claim that a statistician needed time for
reflection and calculations. Noting the
variability in the efficacy of the vaccine,
he wrote: “It is difficult to explain this on
the basis of any real theory of inoculation”
(9, p. 1244). In other words, incoherence
detracted from Wright's results. This was
perhaps a point he thought better of, be-
cause he qualified it in a footnote and sug-
gested some alternative explanations.

Coherence is an ultimate and yet not a
necessary criterion for causality. It is, of
course, essential to the overall constructs
within which scientific investigation pro-
ceeds. Without it, the Baconian injunction
to come to a conclusion “by proper rejec-

tions and exclusions” must remain mean-
ingless. Only then can one conclude that
an. explication is coherent with other
known facts. But coherence supports pre-
existing inference and theory. Incoherence
may have a parochial or incidental expla-
nation, as, for example, variability in the
manufacture and strength of batches of
vaccine. Incoherence may also have a
more general explanation, in°which in-
stance it will generate new theory.* As
Lilienfeld has said: “the finding of a biolog-
ically implausible association may be the
first lead to this'extension of knowledge”
(29). In the case of the typhoid vaccine, the
existing theory proved sound, and the in-
coherence incidental and attributable, as
Wright thought, to incidental conditions.

The next example reinforces the useful-
ness of some of the criteria applied to the
first. In April 1955, amid great fanfare; the
Poliomyelitis Vaccine Evaluation Center
sponsored by the National Foundation for
Infantile Paralysis published its “Sum-
mary Report on the Evaluation of the 1954
Poliomyelitis Vaccine Trials” (33). In De-
cember 1955, K. A. Brownlee at the Uni-
versity of Chicago published an 1nv1ted
critique of the trial (34).

The number of schoolchildren involved
in the trial was 1,829,916, and the trial cost
in the region of five million dollars. Two
study plans were put into effect (Exhibit
5a).

An initial plan was described as the
“Observed Control” trial. Second grade
children whose parents agreed they could
participate were to be vaccinated. The con-
trols were to comprise the “corresponding”
first and third graders. In the event, the

* Sartwell (28) illuminates the point with a quo-
tation on “nonsense correlations” from D. W.
Cheever’s book, The Value and Fallacy of Statistics
in the Observation of Disease (1861): “It could be no
more ridiculous for the stranger who passed the
night in the steerage of an emigrant ship to ascribe
the typhus which he there contracted, to the vermin
with which bodies of the sick might be infested. An
adequate cause, one reasonable in itself, must cor-
rect the coincidence of simple experience.”
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“corresponding” first and third grade vol-
unteers needed for controls could not be
adequately identified from the registers,
and all first and third graders were used as
controls. This study covered 127 areas of 33
states with a total population of 1,080,680
children in the first, second and third
grades (or 59 per cent of the total in both
studies).

A second plan was described as the “Pla-
cebo Control” trial. R. Korns and M. Levin
in New York State, and ‘L. Schuman in
Illinois had refused to participate unless
there was a placebo control. Thomas Fran-
cis then instituted the randomized con-
trolled trial (35).1¥ Children of the first,
second and third grades in the remaining
study areas were invited to participate;
one half of volunteers received the vaccine,
the other half a placebo injection. This
study covered 84 areas of 11 states with a
population of 748,236 children in the first,
second and third grades (41 per cent of the
total of both studies).

To take first the “Placebo Control” trial
(see Exhibit 5b), these results showed the
vaccine to be 72 per cent effective (100 x (1
— R,/Ry)) against paralytic poliomyelitis
(row d, third column). This result, Brown-
lee thought, left little doubt as to the effec-
tiveness of the vaccine, given that there

was independent random sampling and

that the vaccinated and controls differed
only in vaccination status. He was not sat-
isfied, however, that this assumption held.
On closer examination of the data, Brown-
lee noted a bias (albeit a slight one) to-
wards greater susceptibility to poliomyeli-
tis among the controls, as judged by pre-
inoculation antibody levels.

Turning to the “Observed Control” trial,
Brownlee dismissed the data out of hand

t Morton Levin and Abraham Lilienfeld provided
this version of events. Paul (35) incorrectly attri-
butes the controlled trial to the advice Austin Brad-
ford Hill gave Francis who, he says, was in London
when invited to direct the trial. In fact, Lilienfeld
says he himself was with Francis at a conference in
Atlanta when Francis received a telephone call ask-
ing him to direct the trial.

with such descriptions as “worthless” and
“total folly”; the 59 per cent of the total
effort devoted to this part of the trial was
“stupid” and “futile”. In the light of the
results, and in the face of the panic and
publicity about the poliomyelitis scourge
at the time, it surely took courage for
Brownlee to write that he felt “ . . . the
need for an independent confirmation.”

Nonetheless, the vaccine was put into
use without further trial. It proved effec-
tive (although not as effective as the oral
vaccine which later replaced it), and it
undoubtedly saved thousands from crip-
pling and death. In retrospect, then,
events proved Brownlee’s judgment to be
too skeptical, even intemperate. No doubt,
he was provoked by the heat of debate and
publicity, for the National Foundation for
Infantile Paralysis had brought large-
scale publicity techniques to bear on a sci-
entific issue for the first time, and the
pressure to produce had led to risky deci-
sions, even wrong decisions, with some un-
happy consequences for the vaccinated
(35-37). It was a time, too, when for many
the randomized controlled trial had still to
establish itself as the preferred means of
testing a mode of intervention.

Brownlee, doing battle on behalf of the
randomized controlled trial, seems to have
blinkered himself from all other evidence.
He pointed to two results that demon-
strated the “futility of the work in the
observed areas.” First, non-participants
(mainly refusals) had different rates of
school absenteeism and were of lower so-
cial class than volunteers, and second,
they had lower rates of poliomyelitis (as
determined from the rate among those
given placebo). Thus, it was obviously im-
proper in the “Observed Control” trial, all
will agree, to compare the vaccinated sec-
ond grade volunteers with the total popu-
lation of the first and third grades, as was
done in the summary report (Row i in
Exhibit 5b). This comparison runs the risk
of confounding by social class and other
factors related to poliomyelitis incidence,
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ExHiBIT 5a
Study plans for poliomyelitis vaccine field trial, 1954*

“Placebo Control”
Trial

a. Half Ist, 2nd, 3rd grade volunteers; ran-
domly assigned. N = 200,745.

b. Half 1st, 2nd, 3rd grade volunteers, ran-
domly assigned. N = 201,229.

¢. 1st, 2nd, 3rd grade refusals. N =
338,778.

Non-participants
(Refusals, absentees, etc.)

“Observed Control”
Trial
Vaccinated e. 2nd grade volunteers. N =
. 221,998.
Controls f. . All 1st and 3rd grade chil-

dren. N = 725,173.
g. 2nd grade. N = 123,605.

* Adapted from Vaccine Evaluation Center: Evaluation of the Field Trial of Poliomyelitis Vaccine.
Summary Report. Ann Arbor, MI, University of Michigan, 1955 (reference 33).

ExHiBIT 5b
Comparison of poliomyelitis among vaccinated and controls under two study plans: Rates per 100,000*

3rd grades

Allcases  Allpolio  Paralytic N°{‘};g‘:“" Non-po-
“Placebo Control” Trial
a. Vaccinated: 1st, 2nd, 3rd grade 41 28 16 12 12
b. Plaqebo: 1st, 2nd, 3rd grades 81 71 57 13 10
c. Non-participantst: 1st, 2nd, 3rd grades 54 46 36 11 7
d. Ratio of Vaccinated to Placebo .506 394 .280 .923 .120
“Observed Control” Trial
e. Vaccinated: 2nd grade 34 25 17 8 9
f. Unvaccinated: 1st and 3rd grades 61 54 46 8 6
g. Non-participantst: 2nd grade 53 44 35 9 10
h. Total: 2nd grade 41 32 23 8 9
i. Ratio of vaccinated 2nd grade to all 557 .462 T 369 1.0 1
1st and 3rd grades
J. Ratio of all 2nd grade to all 1st and 672 .592 .50 1.0 15

* Adapted from Vaccine Evaluation Center: Evaluation of the Field Trial of Poliomyelitis Vaccine.
Summary Report. Ann Arbor, MI, University of Michigan, 1955 (reference 33).

t Mainly refusals.

in addition to the risk created by the im-
perfect age match across school grade.
Yet, by the criterion of consistency on
replication, and by the criterion of coher-
ence, the “Observed Control” trial pro-
vided valuable support, unrecognized by
Brownlee, for the “Placebo Control” trial.
Thus, we are back with the question of
judgment. First, with regard to external
validation by consistency on replication,
note that the incidence of poliomyelitis in
several categories of increasing diagnostic
refinement is virtually identical in the

“Placebo Control” and “Observed Control”
areas both among the vaccinated and
among the non-participants.

Further, in the “Observed Control” trial
a legitimate comparison can be made be-
tween the fotal second grade population,
vaccinated and unvaccinated, and the total
first and third grade populations (Exhibit
5b, row j). The comparison can be taken as
a stringent test of the total program in the
field, since the closer observation of vacci-
nated children, solely in the second grade,
was likely to bring more poliomyelitis
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cases to light in the second grade than in
the first and third grade controls.* The
vaccine remains effective, although less so
(50 per cent), by this test (x* = 29.14; d.f. =
1; p < .001).

This comparison, in the double-bar-
relled design of “placebo” and “observed”
controls, would also have proved a safe-
guard against a contingency that did not,
but might have occurred. It is not incon-
ceivable that in the “Placebo Control” trial
a fully effective vaccine could have pro-
duced a level of herd immunity in the pop-
ulation that would have protected the pla-
cebo controls to a degree that significant
differences between them and the vacci-
nated did not clearly emerge. Contamina-
tion of the control group was a lesser like-
lihood in the “Observed Control” design,
since first and third grade controls were
less likely to commingle with the vacci-
nated second graders, whereas in the “Pla-
cebo Control” design the vaccinated and
the controls were in the same classroom.

With regard to the criterion of coher-
ence, the most refined diagnosis, and
hence the most precise results, were to be
expected among paralytic cases, and in
both studies it is these cases which contrib-
ute the great part of the positive result.
Further, as noted above, lower socioeco-
nomic classes had a known lower incidence
of poliomyelitis and a demonstrated lower
level of participation in the study. For this
reason, the dilution of the result seen in
the “Observed Control” trial was coherent
and to be anticipated, since the control
incidence rates were lowered by the inclu-
sion of non-participants among them (not
by intention, it seems, but because of
flawed execution of the registration of ac-
ceptance and refusal among controls in the
first and third grades).

Nonetheless, the existence of the “Ob-
served Control” provided a coherent rebut-

* Although the Summary Report (33) makes little
of this comparison, Alexander Langmuir tells me
that he and William Cochran insisted that the es-
sential data be included in the report.

tal against one critical interpretation of
the results of the “Placebo Control” design.
The higher incidence of poliomyelitis
among the placebo controls than among
the vaccinated, it was argued by the crit-
ics, could be the result, not of the protec-
tion of the vaccinated, but of provocation
by inoculation, just as previously polio-
myelitis had been found to be provoked by
other inoculations. Francis (38) was able to
refute the suggestion from the data (un-
published) on volunteers who received no
injections in the “Observed Control” areas.
The estimated risk in the “Observed Con-
trol” areas for volunteers who received no
injections (as compared with those who
refused participation) was the same as the
risk in the “Placebo Control” areas of those
who received placebo injections (as com-
pared with those who refused participa-
tion).

Brownlee took the position that the dif-
ference between the evidence from a blind
randomized prophylactic trial and any
other is absolute. He cited the Summary
Report: “In observed areas where only
those second grade children whose parents
requested participation were vaccinated,
the problem of establishing the control
population was more complex”, and he
commented: “It is perfectly true to say that
it is more complex, but to indulge in un-
derstatements of this order of magnitude is
to be misleading. The plain fact is that it is
impossible.” Brownlee was misled by
Fisher’s central dogma of the randomized
trial. Differences in strength of inference
from experimental and observational stud-
ies are relative, not absolute, as anyone
who- has conducted large experimental
field trials will know, and to test their
validity requires that we bring to bear all
possible criteria of judgment to all the
data.

The next example bears on the contro-
versy about the effects of smoking. Judg-
ment failed two major statisticians, one of
whom many class among the greatest of
all. Joseph Berkson and R. A. Fisher both
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disputed the causal associations of smok-
ing with lung cancer. Berkson (39, 40) ad-
vanced a multitude of arguments, some
good and most less good —like Pearson, at
one point he proposed the mere unreliabil-
ity of data (smoking histories and death
certificates) as a reason for the finding of a
spurious positive association and, at an-
other point, the apparent incoherence of
some of the results—but he devoted his
major attack to the judgmental criterion of
specificity. Here Berkson took his stand on
ground prepared for him by Yerushalmy
and Palmer (41) who argued that “specific-
ity of effect” was one essential of Koch’s
postulates. In chronic disease too, he held,
specificity should be sought. A characteris-
tic is specific to a disease “when . . . simi-
lar relationships do not exist with a vari-
ety of characteristics and with many dis-
ease entities when such relationships are
not predictable on physiologic, pathologic,
experimental or epidemiologic grounds. In
general, the lower the frequency of these
other associations, the higher is the speci-
ficity of the observed association and the
higher the validity of the causal inference”
(41, pp. 38-39).

By the term specificity of association,
then, we describe the precision with which
the occurrence of one variable will predict
the occurrence of another. The ideal, a
one-to-one relationship, encompasses the

_element of strength of association as well
as of precision, and might be better re-
duced to the statement that one thing, and
only one thing, causes one effect and only
one effect. Departures from the ideal occur
first where many things are posed as
causes of a single effect, and second where
a single thing is posed as the cause of
many effects. In the smoking controversy,
Berkson was perturbed by the second type
of departure from the ideal in the smoking
data, i.e., where one thing has many ef-
fects. He noted the congeries of manifesta-
tions found in association with smoking,
and he argued that such non-specificity
casts doubt on any causal relationship. He

carried the attack forward by analogy. He
pointed to the extraordinarily regular as-
sociation of marital status—in the order of
married, single, divorced—with overall
mortality from many specific diseases. He
offered, as more likely than some of the
causal associations considered by others,
such explanations as systematic bias in
registered data. The equally non-specific
associations of smoking with disease,
Berkson held, led to equally infirm infer-
ences of causality.

Arguments that demand specificity are
fallacious, if not absurd. There can be no
logical reason why any identifiable factor,
and especially an unrefined one, should
not have multiple effects (2, 28, 29, 42). To
take Berkson’s own analogy, marital sta-
tus, in the form of transition into widow-
hood, has since been shown to be a highly
probable cause of suicides, of entry into
psychiatric care, and of cirrhosis of the
liver (43-48). Other associations will not
prove causal, but there is surely more to
come. By now it is evident that the associ-
ations of health disorders with smoking
depend on a variety of mechanisms, some
causal and some not. Specificity enhances
the plausibility of causal inference, but
lack of specificity does not negate it.

Fisher’s major attack on the smoking
and lung cancer hypothesis was around
the judgmental criterion of the time-order
and logical structure of causal and out-
come variables (although he too attacked
on grounds of incoherence) (32). Predispo-
sition poses a major problem in inferring
the time-order of variables. As a latent
manifestation of an outcome variable, pre-
disposition must cast doubt on the prece-
dence in time of supposedly independent
causal variables. Fisher suggested that
smokers could be self-selected from among
persons with a genetic predisposition both
to smoking and to lung cancer, and
pointed for supporting evidence to the as-
sociation between genetic constitution and
smoking habits.

These associations between personality
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type and smoking habit pose the same dif-
ficulties for inferring time-order among
variables as all others measured at the
same point in time. While predisposition
cannot be excluded, its presence has cer-
‘tainly not been demonstrated. Vital links
in the logical structure of this counter-
hypothesis are missing. The relevant per-
sonality traits have even now not been
linked with lung cancer, let alone been
shown to antedate the disease. If this link
with the disease were to be supplied, the
association of the rising trend in the fre-
quency of lung cancer with smoking and
its distribution among the sexes, and,
most of all, the overwhelming strength of
the association (49, 50), would require at
the least that smoking be a crucial inter-
vening variable between the predisposi-
tion to lung cancer and its manifestations.
(There are several other criteria of judg-
ment by which this argument can be pur-
sued, as has been ably done by authors
beginning in the early days of the contro-
versy (31, 49)).

Fisher chose a criterion for attack on
which many inferences of causality are
vulnerable; in observational studies the
criterion of time-order is perhaps the most
difficult to defend. In order finally to deter-
mine time-order and logical structure
among variables, our main reliance must
be on design: we use incidence rather than
prevalence measures, cohort rather than
case-control studies. Here, cohort studies
and the effects of stopping smoking on
mortality have settled the question for
most of us (51). Recent attacks on the
smoking hypothesis. add nothing essen-
tially new to the arguments of Fisher and
Berkson.

In conclusion, this paper should not be
construed as an attack on statistical infer-
ence or on major statisticians, but as a
demonstration of the fallibility of judg-
ment even among those with superb tech-
nical equipment, and of the need for devel-
oping the means of decision-making. Some
injunctions may perhaps be drawn from

the review of these few case histories. One
should be aware of bias toward negative
Jjudgments, which require as much caution
as positive judgments, recognize that the
difference between types of evidence is rel-
ative and not absolute, and apply all avail-
able criteria of judgment to any particular
instance. Perhaps we may advance beyond
our present limitations by systematizing
our criteria of judgment, and by expanding
the number and type of available criteria.
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