Although we often hear that data speak for themselves, their voices can be
soft and sly. '
Frederick Mosteller, Stephen E. Fienberg, and Robert

E. K. Rourke, Beginning Statistics with Data Analysis
(Reading, Massachusetts, 1983), p. 234.

Negligent speech doth not only discredit the person of the Speaker, but it
discrediteth the opinion of his reason and judgment; it discrediteth the force

and uniformity of the matter, and substance.

Ben Jonson, Timber: or, Discoveries (London, 1641), first
printed in the Folio of 1640, The Workes . .., p. 122
of the section beginning with Horace his Art of Poetry.

MTI ASSESSMENT OF TEMPERATURE CONCERN ON SRM-25 (51L) LAUNcH

CALCULATIONS SHOW THAT SRM-25 0-RINGS WILL BE 20° COLDER THAN SRM-15 0-RINGS
TEMPERATURE DATA NOT CONCLUSIVE ON PREDICTING PRIMARY O-RING BLOW-BY
ENGINEERING ASSESSMENT 1§ THAT:

0  COLDER 0-RINGS WILL HAVE INCREASED EFFECTIVE DUROMETER (”HARDER”)

0  "HARDER” 0-RINGS WILL TAKE LONGER TO "SEAT”

0 MORE GAS MAY PASS PRIMARY O-RING BEFORE THE PRIMARY SEAL SEATS
(RELATIVE T0 SRM-15)

0 DEMONSTRATED SEALING THRESHOLD IS 3 TIMES GREATER THAN 0.038"
EROSION EXPERIENCED ON SRM-15

0 IF THE PRIMARY SEAL DOES NOT SEAT, THE SECONDARY SEAL WILL SEAT
0 PRESSURE WILL GET TO SECONDARY SEAL BEFORE THE METAL PARTS ROTATE

0 0-RING PRESSURE LEAK CHECK PLACES SECONDARY SEAL IN OUTBOARD
POSITION WHICH MINIMIZES SEALING TIME

0 MTI RecoMMENDS STS-51L LAUNCH PROCEED ON 28 JANUARY 1986
0 SRM-25 WILL NOT BE SIGNIFICANTLY DIFFERENT FROM SRM-15

rC i %
C. KILMINSTER, VICE PRESIDENT
PACE BOOSTER PROGRAMS

MORTONTHIOKOL INC.
Wasatch Division

INFORMATION ON THIS PAGE WAS PREPARED TO SUPPORT AN ORAL PRESENTATION
AND CANNOT BE CONSIDERED COMPLETE WITHOUT THE ORAL DISCUSSION

The final approval and rationale for the launch of the
space shuttle Challenger, faxed by the rocket-maker to
NAsA the night before the launch. The rocket blew up
12 hours later as a result of cold temperatures.
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Displays of Evidence for Making Decisions

WaEN we reason about quantitative evidence, certain methods for
displaying and analyzing data are better than others. Superior methods
are more likely to produce truthful, credible, and precise findings. The
difference between an excellent analysis and a faulty one can sometimes
have momentous consequences.

This chapter examines the statistical and graphical reasoning used in
making two life-and-death decisions: how to stop a cholera epidemic
in London during September 1854; and whether to launch the space
shuttle Challenger on January 28, 1986. By creating statistical graphics
that revealed the data, Dr. John Snow was able to discover the cause
of the epidemic and bring it to an end. In contrast, by fooling around
with displays that obscured the data, those who decided to launch the
spacs shuttle got it wrong, terribly wrong. For both cases, the conse-
quences resulted directly from the quality of methods used in displaying
and assessing quantitative evidence.

The Cholera Epidemic in London, 1854

In a classic of medical detective work, On the Mode of Communication of
Cholera,* John Snow described—with an eloquent and precise language
of evidence, number, comparison—the severe epidemic:

The most terrible outbreak of cholera which ever occurred in this kingdom, is
probably that which took place in Broad Street, Golden Square, and adjoining
streets, a few weeks ago. Within two hundred and fifty yards of the spot where
Cambridge Street joins Broad Street, there were upwards of five hundred fatal at-
tacks of cholera in ten days. The mortality in this limited area probably equals any
that was ever caused in this country, even by the plague; and it was much more
sudden, as the greater number of cases terminated in a few hours. The mortality
would undoubtedly have been much greater had it not been for the flight of the
population. Persons in furnished lodgings left first, then other lodgers went away,
leaving their furniture to be sent for. . . . Many houses were closed altogether
owing to the death of the proprietors; and, in a great number of instances, the
tradesmen who remained had sent away their families; so that in less than six days
from the commencement of the outbreak, the most afflicted streets were deserted
by more than three-quarters of their inhabitants.?

1 John Snow, On the Mode of Communi-
cation of Cholera (London, 1855). An
acute disease of the small intestine, with
severe watery diarrhea, vomiting, and
rapid dehydration, cholera has a fatality
rate of 50 percent or more when un-
treated. With the rehydration therapy
developed in the 1960s, mortality can be
reduced to less than one percent. Epi-
demics still occur in poor countries, as
the bacterium Vibrio cholerae is distributed
mainly by water and food contaminated
with sewage. See Dhiman Barua and
William B. Greenough 1, eds., Cholera
(New York, 1992); and S. N. De,
Cholera: Its Pathology and Pathogenesis
(Edinburgh, 1961).

2 Snow, Cholera, p. 38. See also Report
on the Cholera Outbreak in the Parish

of St. James’s, Westminster, during the
Autumn of 1854, presented to the Vestry
by The Cholera Inquiry Committee
(London, 1855); and H. Harold Scott,
Some Notable Epidemics (London, 1934).
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28 VISUAL EXPLANATIONS

Cholera broke out in the Broad Street area of central London on
the evening of August 31, 1854. John Snow, who had investigated
earlier epidemics, suspected that the water from a community pump-
well at Broad and Cambridge Streets was contaminated. Testing the
water from the well on the evening of September 3, Snow saw no
suspicious impurities, and thus he hesitated to come to a conclusion.
This absence of evidence, however, was not evidence of absence:

Further inquiry . . . showed me that there was no other circumstance or agent
common to the circumscribed locality in which this sudden increase of cholera
occurred, and not extending beyond it, except the water of the above mentioned
pump. I found, moreover, that the water varied, during the next two days, in the
amount of organic impurity, visible to the naked eye, on close inspection, in the
form of small white, flocculent [loosely clustered] particles. . . .2

From the General Register Office, Snow obtained a list of 83 deaths
from cholera. When plotted on a map, these data showed a close link
between cholera and the Broad Street pump. Persistent house-by-house,
case-by-case detective work had yielded quite detailed evidence about
a possible cause-effect relationship, as Snow made a kind of streetcorner
correlation:

On proceeding to the spot, I found that nearly all of the deaths had taken place
within a short distance of the pump. There were only ten deaths in houses situated
decidedly nearer to another street pump. In five of these cases the families of the
deceased persons informed me that they always sent to the pump in Broad Street, as
they preferred the water to that of the pump which was nearer. In three other cases,
the deceased were children who went to school near the pump in Broad Street.
Two of them were known to drink the water; and the parents of the third think it
probable that it did so. The other two deaths, beyond the district which this pump
supplies, represent only the amount of mortality from cholera that was occurring
before the irruption took place.

With regard to the deaths occurring in the locality belonging to the pump, there
were sixty-one instances in which I was informed that the deceased persons used to
drink the pump-water from Broad Street, either constantly or occasionally. In six
instances I could get no information, owing to the death or departure of every
one connected with the deceased individuals; and in six cases I was informed that

the deceased persons did not drink the pump-water before their illness.*

Thus the theory implicating the particular pump was confirmed by
the observed covariation: in this area of London, there were few
occurrences of cholera exceeding the normal low level, except among
those people who drank water from the Broad Street pump. It was
now time to act; after all, the reason we seek causal explanations is
in order to intervene, to govern the cause so as to govern the effect:
“Policy-thinking is and must be causality-thinking.”’® Snow described
his findings to the authorities responsible for the community water
supply, the Board of Guardians of St. James’s Parish, on the evening
of September 7, 1854. The Board ordered that the pump-handle on the
Broad Street well be removed immediately. The epidemic soon ended.

3 Snow, Cholera, p. 39. Writing a few
weeks after the epidemic, Snow reported

his results in a first-person narrative, more

like a laboratory notebook or a personal
journal than a modern research paper
with its pristine, reconstructed science.

4 Snow, Cholera, pp. 39-40.

5 Robert A. Dahl, “Cause and Effect

in the Study of Politics,” in Daniel
Lerner, ed., Cause and Effect (New York,
1965), p. 88. Wold writes “A frequent
situation is that description serves to
maintain some modus vivendi (the control
of an established production process,

the tolerance of a limited number of
epidemic cases), whereas explanation
serves the purpose of reform (raising the
agricultural yield, reducing the mortality
rates, improving a production process).
In other words, description is employed
as an aid in the human adjustment to con-
ditions, while explanation is a vehicle
for ascendancy over the environment.”
Herman Wold, “Causal Inference from
Observational Data,” Journal of the Royal
Statistical Society, A, 119 (1956), p. 29.
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Moreover, the result of this intervention (a before /after experiment
of sorts) was consistent with the idea that cholera was transmitted by
impure water. Snow’s explanation replaced previously held beliefs -
that cholera spread through the air or by some other means. In those
times many years before the discovery of bacteria, one fantastic theory
speculated that cholera vaporously rose out of the burying grounds of
plague victims from two centuries earlier.® In 1886 the discovery of the
bacterium Vibrio cholerae confirmed Snow’s theory. He is still celebrated
for establishing the mode of cholera transmission and consequently the
method of prevention: keep drinking water, food, and hands clear of
infected sewage. Today at the old site of the Broad Street pump there
stands a public house (a bar) named after John Snow, where one can
presumably drink more safely than 140 years ago.

‘WaY was the centuries-old mystery of cholera finally solved? Most
importantly, Snow had a good idea—a causal theory about how the
disease spread—that guided the gathering and assessment of evidence.
This theory developed from medical analysis and empirical observation;
by mapping earlier epidemics, Snow detected a link between different
water supplies and varying rates of cholera (to the consternation of
private water companies who anonymously denounced Snow’s work).
By the 1854 epidemic, then, the intellectual framework was in place,
and the problem of how cholera spread was ripe for solution.”

Algng with a good idea and a timely problem, there was a good
method. Snow’s scientific detective work exhibits a shrewd intelligence
about evidence, a clear logic of data display and analysis:

1. Placing the data in an appropriate context for assessing cause and effect.
The original data listed the victims’ names and described their circam-
stances, all in order by date of death. Such a stack of death certificates
naturally lends itself to time-series displays, chronologies of the epi-
demic as shown below. But descriptive narration is not causal explanation;
the passage of time is a poor explanatory variable, practically useless in
discovering a strategy of how to intervene and stop the epidemic.

the epidemic

¢ H. Harold Scott, Some Notable Epidemics
(London, 1934), pp. 3—4-

7 Scientists are not “admired for failing
in the attempt to solve problems that
lie beyond [their] competence. . . . If
politics is the art of the possible, re-
search is surely the art of the soluble.
Both are immensely practical-minded
affairs. . . . The art of research [is] the
art of making difficult problems soluble
by devising means of getting at them.
Certainly good scientists study the most
important problems they think they can
solve. It is, after all, their professional
business to solve problems, not merely
to grapple with them. The spectacle of
a scientist locked in combat with the
forces of ignorance is not an inspiring
one if, in the outcome, the scientist is
routed. That is why so many of the
most important biological problems
have not yet appeared on the agenda
of practical research.” Peter Medawar,
Pluto’s Republic (New York, 1984), pp.
253-254; 2-3.

Deaths from 700- Cumulative deaths from cholera,
- cholera, each . - beginning August 19, 1854; final
day during I 6001 total 616 deaths
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