Fifth DOE Conference (1959)

Report Documentation Page

Cover

Title

Table of Contents

Foreword

Program

The Method of Paired Comparisons, H.A. David

Measure of Competing Exponential Mortality Risks with Especial Reference to the Sudy of Smoking and
Lung Cancer, Joseph Berkson

Army Research and Development, Richard Weiss
Prediction of the Reliability of Complex Systems, Nicholas E. Golovin
On the Repeated-Measurements Design in Biological Experiments, Ardie Lubin

Design of Experiments Using Germfree Animals, Stanley M. Levenson, Ole J. Mam, and
Richard E. Horowitz

The Development of Parameters for Determining the Resistance of Selected Missile Components to
Microbiological Deterioration, C. Bruce Lee

Design of Environmental Experiments for Reliability Prediction, A. Bulfinch
Multidimensional Staircase Designs for Reliability Sudies, David R. Howes

A Proposed Research Program for Providing a Quantitative Basis for Preventive Maintenance Policies
on Ordnance Equipment, Walton M. Hancock and Randall E. Cline

Satistical Analysis of Various Parameters of Burning Characteristics of Flare Systems, Bossie Jackson

A Satistical Evaluation of the Pyrotechnic Electrostatis Sensitivity Tester, Everett D. Crane, Chester
Smith, and Alonzo Bulfinch

Experimental Determination of “ Best” Component Levelsin Thermal Power Supplies, Sheldon G. Levin
Medical Health Satistics, Wilford J. Dixon

Sampling in Biological Populations, D.B. DeLury

The Application of Fractional Factorialsin Missile Test Programs, Paul C. Cox

The Design and Re-design of an Experiment, CW. Mullis

Estimating the Parameters of a Modified Poisson Distribution, A.C. Cohen

The Detection of Guess Responses in the Rating of Statements by the Method of Successive Categories,
Lee E. Paul and Howard W. Hembree

Design for Estimation by Covariance Techniques, Morris Rhian
Design of an Experiment to Evaluate a Bio-assay with Non-parallel Sopes, Albert L. Fernelius
The ORO Aircraft Vulnerability Experiment, Charles A. Bruce and Bruce Taylor



Design for a Proposed Field Experiment with Light Antitank Weapons, R.E. Tiller, J.D. Reed, and J.P.
Y oung

Elimination of Bias Introduced by Transformation of Variables, Jerzy Neyman and Elizabeth L. Scott

Mathematical and Satistical Principles Underlying Chemical Corps Inspection Procedures for Product
Verification, Henry Ellner

Measuring a Complex Field Operation, K.L. Yudowitch
The Conduct of Military Field Research on a Shoe-String, A.J. Eckles, 111
Proposal for Field Calibration of a Tracking Radar, Victor B. Kovac



Form Approved
OMB NO. 0704-0188

REPORT DOCUMENTATION PAGE

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington,
VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188,) Washington, DC 20503.

1. AGENCY USE ONLY ( Leave Blank) 2. REPORT DATE October 1960 3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE
Proceedings of the Fifth Conference on the Design of Experiments in Army
Research Developments and Testing

5. FUNDING NUMBERS

6. AUTHOR(S)
Not Available

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Army Mathematics Advisory Panel

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER
U. S. Army Research Office
P.O. Box 12211

ARO-OORR 60-2
Research Triangle Park, NC 27709-2211 00

11. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation.

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 12 b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

This is a Technical report resulting from the Proceedings of the Fifth Conference on the Design of Experiments in Army Research
Developments and Testing.

14. SUBJECT TERMS 15. NUMBER OF PAGES

429

16. PRICE CODE

17. SECURITY CLASSIFICATION

OR REPORT
UNCLASSIFIED

18. SECURITY CLASSIFICATION
ON THIS PAGE
UNCLASSIFIED

19. SECURITY CLASSIFICATION
OF ABSTRACT
UNCLASSIFIED

20. LIMITATION OF ABSTRACT

UL

NSN 7540-01-280-5500

Standard Form 298 (Rev.2-89)
Prescribed by ANSI Std. 239-18
298-102




OORR 60-2

Office of Ordnance Research

PROCEEDINGS OF THE FIFTH CONFERENCE
ON THE DESIGN OF EXPERIMENTS IN ARMY RESEARCH
DEVELOPMENTS AND TESTING

OFFICE OF ORDNANCE RESEARCH, U. S. ARMY
BOX CM, DUKE STATION
DURHAM, NCRTH CAROLINA

This document contains

blank pages that were
not filmed.

REPRODUCEDFROI\:)!Y 20030905 095




OFFICE OF ORDNANCE RESEARCH
Report No. 60-2
October 1960

PROCEEDINGS OF THE FIFTH CONFERENCE
ON THE DESIGN OF EXPERIMENTS IN ARMY RESEARCH
DEVELOPMENT AND TESTING

Sponsored by the Army Mathematics Steering Committee
conducted at
The U. S. Army Biological Warfare Laboratories
Fort Detrick, Frederick, Maryland
4-6 November 1959

OFFICE OF ORDNANCE RESEARCH, U. S. ARMY
BOX CM, DUKE STATION
DURHAM, NORTH CAROLINA




TABLE OF CONTENTS

Foreword . . & « & v v 0 v e e e e e e e e e e e e e e e e e
Program ., . . ¢ 4 v v 6 4 s 6 6 e 5 s s o & o o o 6o & o & o

The Method of Paired Comparisons . o o
By Dr' HQ A. David . [ ] . L] L] . ° . [ ] @ ° . . . . . . . .

Measure of Competing Exponential Mortality Risks with Especial
Reference to the Study of Smoking and Lung Cancer
By Dr. Joseph Berkson . . « v 4 ¢ 4 o ¢ ¢ o o o o o o o o

Army Research and Development
By Dr. Richard Weiss . . . . s ¢ s ¢« ¢ v ¢ 0o v o o v o

Prediction of the Reliability of Complex Systems
By Dr. Nicholas E, Golovin ., . . . 4« ¢ ¢ ¢ o o o o & & &

On the Repeated-Measurements Design in Biological Experiments
By Ardie Lubin , . . . i & 4 v v 4 e bt e e e e e e e

Design of Experiments Using Germfree Animals
By Stanley M. Levenson, Ole J, Malm, and
Captain Richard E, Horowitz . . . & & & ¢ ¢« ¢ ¢ & ¢ o o &

The Development of Parameters for Determining the
Resistance of Selected Missile Commnrnents to
Microbiological Deterioration

By C. Bruce Lee . ° ° L] - L4 . . . . - L] . » . Ld L] . L] . .
Design of Environmental Experiments for
Reliability Prediction

By A. BUlfiﬂCh . 3 3 » . . . . . . . . . . . . . 3 . 3 .
Multidimensional Staircase Designs for Reiiability Studies

By DaVid R. Howes © ¢ 6 o o e 0 e o e & e 0o e ® e o s o .
A Pr0pqsed Research Program for Providing a
Quantitative Basis for Preventive Maintenance
Policies on Ordnance Equipment

By Walton M., Hancock and Randall E, Cline ., . . . ., . . .
Statistical Analysis of Various Parameters of
Burning Characteristics of Flare Systems

By Bossie Jackson . . . . . 4 i 0 u e e b e e e e e e e
A Statistical Evaluation of the Pyrotechnic
Electrostatis Sensitivity Tester

By Everett D, Crane, Chester Smith,

Alonzo Bulfinch . , ., ., . . .

Page

iii

17

35

87

123

133

151

171

191

199

213

239




TABLE OF CONTENTS (Cont'd)
' Page

Dispersion Strengthening Analysis of Cermets
By John bi. woulbroun* L] . Ll L] . * [ ] . L] * L] * L] . . - . . L] L ]

Experimental Determination of "Best" Component
Levels in Thermal Power Supplies (U)
By Sheldon G LeVin . . . . . . . . L] . L] L] . . L] L] . . L ] * (] 263

Medical Health Statistics .
By Dri Wilford J. DixXon . v v v v v v v 4 ¢« v s s o o o « « o 265

Sampling in Biological Populations
ByDr.DuB.DeLUry.............-.-...-.277

The Application of Fractional Factorials in
Missile Test Programs
By Pau}- C. Cox v . L] . . ’ . . L . L L] . . . L] L] . . L] L] . . . 285

The Design and Re-design of an Experiment
By c‘ w. Mullis .’ . - - * . . . . L] - L . . . . L * L] A4 . L] . 291

Estimating the Parameters of a Modified
Poisson Distribution
By A' c' COhen L] L] L] . [ ] . . L] - . . L] » . L] . L] . . . L - . 303

Detecting and Quantifying Guess Responses in the
Rating of Statements by a Method of Successive Intervals
By Lee E Pau}- L] L] . L] . L] L] L] . L] L] L] - - . . . * . L] L] . L ] 309

Design for Estimation by Covariance Techniques
By Morris Rhian . . . L] . * L . . . . . * . . . . L] . . . L] L] 317

Design of an Experiment to Evaluate a Bio-assay
with Non-parallel Slopes A :
By Albert L, Fernelius . . . . . . v v ¢ v v v v v v o o o . 327

The ORO Aircraft Vulnerability Experiment
By Charles A, Bruce and Bruce Taylor . . . . . « « « « « « o 333

Operational Hit Probabilities of Experimental
Antitank Weapons
By J. D. Reed, R, E T111er, and J.P.Young . . .. .. .. 343

Elimination of Bias Introduced by Transformation
of Variables
By Jerzy Neyman and Elizabeth L, Scott ., . . . . . « « . . . .353

* This paper was presented at the conference. It is not published in
these Proceedings, :




TABLE OF CONTENTS (Cont'd)

Page
Mathematical and Statistical Principles Underlying
Chemical Corps Inspection Procedures for Product
Verification
By Henry Ellner and Joseph Mandelson ., . . . « + ¢« ¢« « . . . 373
Measuring a Complex Field Operation
By K. L. Yudowitech . . . v v & 4 4o v 0 v ¢ o v o s o o o« o 395

The Conduct of Military Field Research on a
Shoe-String
By A- Jo ECklesg III e ¢ o 8 e .0 - ® & ¢ o e o o e e o o o o 403

Sample Order Statistics of the Circular Normal
Distribution
By Helen J. Coon* . . . . & . & v v v v v v o o o o o o o s

Determination of Systematic Errors in Tracking Radar
By Victor B, Kovac** |, , ., ., . ., . . ... ... ..., 0417

* This paper was presented by title. It does not appear in this
technical manual,

*% This paper was presented by title.




FOREWORD

The present series of Conferences on the Design of Experiments are
sponsored by the Army Mathematics Steering Committee (AMSC). The first
three annual meetings were held at the Diamond Ordnance Fuze Laboratories
and the National Bureau of Standards in Washington, D, C., and the fourth
meeting was conducted at the Quartermaster Research and Engineering Center
at Natick, Massachusetts, At its April 1959 meeting the AMSC accepted the
invitation, issued by Dr., Clifford J. Maloney on behalf of the U, S. Army
Biological Warfare Laboratories, to hold the Fifth Conference on the Design
of Experiments at Fort Detrick, Maryland,

The purpose of these Conferences is to afford Army scientific and
technological experts an opportunity to exchange views and experiences on
problems of designing experiments in research, development and testing,
and to learn about new developments in the field from experts in the
design of experiments, The success of these Conferences has been due, in
large measure, to the interaction and cooperation of these two groups of
experts,

The Fifth Conference was attended by 169 registrants and participants
from 60 organizations outside of the Biological Laboratories., In addition
the host had 71 of its personnel present. Speakers and panelists came
from Advanced Research Projects Agency, Bureau of Ships of the Department
of the Navy, Mayo Clinic, National Bureau of Standards, Princeton Univere
sity, RCA Missile Test Project, University of California, University of
Georgia, University of Michigan, University of Toronto, Virginia Poly-
technic Institute and 15 Army facilities,

This volume of the Proceedings contains 27 of the papers which were
presented at the conference. In addition, it contains one of the two
articles that were presented by title., The papers are being made available
in this form as a contribution to wider dissemination and use of modern
statistical principles of the design of experiments in research, develop-
ment, and testing work of concern to the Army.

The members of the Army Mathematics Steering Committee take this
opportunity to express their thanks to the many speakers and other research
workers who participated in the meeting; to Colonel Clyde Westbrook,
Commanding Officer of the U. S. Army Biological Warfare Laboratories, for
making available the excellent facilities of his organization for the
Conference; and to Dr, Clifford J. Maloney who handled the details of the
local arrangements for the meeting, which included interesting tours of
the Laboratories and of nearby Civil War battlefields such as Gettysburg,
Antietam and Harper®s Ferry,

Finally, the Chairman wishes to express his appreciation to his
Advisory Committee, F. G. Dressel (Secretary), Frank E, Grubbs, Boyd
Harshbarger, Clifford J, Maloney, and W. J. Youden for their help in
organizing the program of the Conference.

S. S. WILKS
Professor of Mathematics
Princeton University
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THE METHOD OF PAIRED COMPARISONS

H. A, David
Virginia Polytechnic Institute

INTRODUCTION., 1In a paired-comparison experiment objects or "stimuli"
are presented in pairs to a panel of judges who act independently. The
basic experimental unit is the comparison of two objects, A and B, by a
single judge who, in the simplest situation, must state which one he
prefers. One may also allow the judge the third alternative of declaring
a tie, A further generalization would be to give the judge a scale of
preferences; for example, a seven-point scale reading "strong preference
for item A," "preference for A,"” "slight preference for A," "no prefer-
ence," "slight preference for B," "preference for B,” "strong preference
for B, These preferences may be scored by assigning object A the score i
(i=3,2,1,0, -1, -2, -3) and B the score -i, A slightly different
scoring system prevails in a widely publicized form of paired comparison
such as we have recently been witnessing in the series between the Dodgers
and the White Sox where each game corresponds to one paired comparison
and the series to several repetitions,

The comparison of A and B may be made by all the judges. If more
than 2 objects are to be compared it is still possible to arrange that
every judge makes every possible paired comparison either once or several
times, This situation may be called a balanced paired-comparison exper- -
iment and corresponds in the language of sport to a Round Robin tournament;
the roles of the players in the tournament being analogous to those of the
objects in the paired-comparison experiment., If we have t objects and n
judges the number of paired comparisons will be %rn t (t - 1), where r
is the number of times a particular judge makes a particular paired com-
parison or in other words, the number of replications of a simple Round
Robin tournament,

The method of paired comparisons is used primarily in cases when
the objects to be compared can be judged only subjectively; that is to
say, when it is impossible or impracticable to make relevant measurements
in order to decide which of two objects is preferable, As may be
inferred, paired comparisons are widely employed by psychometricians,
and the method was indeed first introduced by Thurstone (1927), Most
frequent applications have been to taste testing, color comparisons, per-
sonnel rating, and generally to all forms of preference testing, Of
course, there are other methods of sensory discrimination and it is not
proposed to enter into a detailed discussion of the individual merits of
these methods, particularly as a number of summary accounts have recently
been given [Jones and Bock (1957), Torgerson (1958) and Bliss (1959I].
The method of paired comparisons is sometimes the only practicable exper-
imental procedure as in testing various brands of razors where two razors
can be compared on a man’s two cheeks., Sometimes it may be possible for
a judge to compare several objects at the same time and if this can easily
be' done it would indeed’ be preferable for the judge to assign ranks to all
these objects. However, when differences between objects aré small it is
advantageous to make the comparison between two of them as free as
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possible from any extraneous influences such as may be provided by taking
into consideration other objects at the same time. Thus the method of
paired comparisons will be used in cases where a fine judgment is needed.
Again, in taste testing it is often not possible for a judge to cope with
more than two tastes, and the introduction of a third taste may be
thoroughly confusing.

When both paired comparisons and ranking are possible procedures in
arranging several objects in order of preference, ranking will certainly

be the speedier. On the other hand, the method of paired comparisons makes
it possible for the judge to contradict himself; for example, he may prefer

A over B, B over C, and yet C over A, This situation is certainly not
impossible and has been called a circular triad by Kendall, An extreme
example is provided by the game of stone, scissors, and paper., It is
clear that if one judge is guilty of considerably more circular triads
than another, then he is a less consistent judge. We have, therefore,

a basis for a method for selecting good judges. The explanation of a
circular triad may be that the judge is essentially guessing or it may
be that in making the three comparisons he changes the criterion on which
he bases his judgment, Putting it in different words, the preference
scale may well not be uni-dimensional, A preference may be based on a
number of characteristics of the objects and presumably these character-
istics are weighted in some way in the judge's mind before he comes to a
decision. The weights assigned may well vary from comparison to compar-
ison for an inexperienced judge,

In the remainder of this paper we shall consider a number of points
arising in the design and analysis of paired-comparison experiments, with
special emphasis on some work recently done at the Virginia Polytechnic
Institute,

THE DESIGN OF PAIRED-COMPARISON EXPERIMENTS. In the language of
the design of experiments a Round Robin tournament is simply a balanced
incomplete block design with judges corresponding to replications and
with block size 2. Questions of design become more difficult when it is
not feasible for every judge to make all possible comparisons. A very
considerable degree of balance can sometimes be retained by what Bose
(1956) has termed "linked paired comparison designs." An example of
such a design is given in Table 1. Even more balance could be obtained
if it is important to eliminate effects due to order of presentation
within a pair., Related problems are discussed by Kendall (1955)., Sim-
pler but less well balanced methods of partial pairing had previously
been developed by McCormick and Bachus (1952) in connection with the
rating of a large number of employees,

It is a well-established dogma of experimental design that an
experiment should contain a large degree of balance. There are, how-
ever, situations when balance is a doubtful asset. If we are interested
in discovering the best of a number of treatments it is intuitively more
reasonable to proceed sequentially - if this is practicable - in a
fashion which will result in more intensive testing of those treatments
most successful in the early stages of the experiment, Recalling that
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a balanced paired-comparison experiment is equivalent to a Round Robin
tournament we are led to consider other types of tournaments such as the
Knock-out which have as their aim picking the strongest of a group of
players,

Consider a tournament of 4 players. A simple (i.e., unreplicated)
Round Robin tournament requires 6 games, as do two replications of a
Knock-out tournament., As a first step toward a wider comparison one may
therefore investigate the effectiveness of these two tournaments in
determining the best player, This may be done by assigning values to

each nij’ the probability that player i defeats player j, and finding

the probability that the strongest player (the player for whom is

i
largest) will win the tournament. In calculating this probability we
average over all possible draws, The situation is unfortunately com-
plicated by the possible need for play-offs if two or three players end

up in the lead. In addition to the probability that the best player

will win it is therefore advisable to take into consideration the expected
number of games required to determine the winner, Both criteria are
evaluated in [3] by enumeration of all possible outcomes of the tourna-
ment and determination of their probabilities, In a series of examples
studied the Knock-out tournament does in fact emerge as superior on both
counts in nearly all cases. Another type of tournament employs double
elimination; that is, first round losers are paired off and a player is
eliminated only after losing to two opponents. This turns out to be

the best of three types of tournament. A variation of the Knock-out
tournament, which in any match between 2 players requires not one but

the best out of 3 games to determine the winner, has been suggested by
Maurice (1958)., It is not easily compared with the other tournaments,
except on the basis of a cost function, as it tends to require more games
in return for a higher probability of determining the best players,

The following is typical of the results obtained, With parameter
values

.70, ., = 76, 1 .86, n,, = .75, m,, = .82, n ,6 = ,72

T2 = 13 14~ 23 24 34

the probability that player 1 (the strongest) will win and the corres-
ponding expected number of games is

0.644, 6,62 for the Round Robin tournament,

0.656, 6.56 for the Knock-out tournament,

0.686, 6.43 for the Double Elimination tournament,
0,706, 7.08 for Maurice®s tournament,

ESTIMATION PROCEDURES. We return now to a more detailed considera-
tion of a balanced paired-comparison experiment in which each of n judges
compares t objects r times, Further we suppose that each comparison
results in a straight preference for one or the other object judged,

The results for each judge can then be fully presented in the familiar
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two-way table of 1's and 0's. In addition, the number of times each

object is preferred to all others may be listed in a column of totals .
(the number of wins or score of each object, treatment, or player),

If differences between judges can be assumed to be slight - and this

can be tested - the n individual tables are conveniently amalgamated .
into a single summary table, For example, in the pairwise comparison

of 5 brands of carbon paper by 30 secretaries (see Fleckenstein et al, .
1958, and [?] for details) the following results, condensed from the

original 7-point scale used, were obtained:

Brand 1 2 3 4 5 Total g
a
i
1 - 20 6 25 15 66
2 10 - 10 20 11 51
3 24 20 - 27 18 89
4 5 10 3 - 6 24
5 15 19 12 2, - 70
300

Generally, the upshot of an experiment of this type has been the .

construction of a "response scale™ in which the objects are appro--
priately spaced in increasing order of preference along a straight
line, An obvious way of doing this is to use the total scores, Thus
the results of the carbon paper experiment can represented as follows:

4 2 L5 3

24 51 66 70 89 »

Here only the relative distances between scores are important,

This simple procedure may be regarded as a method of estimation,
Let nij be the probabillty that in the comparison of objects i and j,

i is preferred to j; and let

=]
i
™M

[}
n, ., (= Zn s say) R
p 1 j ij

[ ST S
ol
He
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Also let aij be the observed number of times that i is preferred to j, so
that a, = g'aij. Then clearly,
j
Pyj = aij/n is an estimate of Ty

P,. ai/[n(t-l)] is an estimate of LEPE

It is surprising that this simple distribution-free method of estimation

has not~ been more widely used, What has been usually done instead is to

propose specific models giving the %t(t-1) parameters LY in terms of t

parameters (or t-1 if the origin of the scale is fixed).

Two cases have received special attention:

N @ 1 - %XZ
(1) nij = S AT © dx
-(si-sj)

(Thurstone, 1927; Mosteller, 1951), where the responses to the t objects
are assumed to be equi-correlated normal variates with true means
Si(i =1,...,t) and common variances,

@) myy =/ )

(Bradley and Terry, 1952), where the ¥, are true "ratings" of the objects

and satisfy T > 0, Eﬂi = 1.

If the models are appropraite they will generally lead to better
scales than the simple scale above, which is however much more widely
valid, (1) and (2) as well as two other scales have been compared by
Jackson and Fleckenstein (1957) who found the four scales quite close
in a color preference test,

SIGNIFICANCE TESTS. A question that arises naturally in the
interpretation of a response scale, whatever its mode of derivation,
is whether any differences between objects indicated by the scale are
in fact statistically significant, Several methods of constructing
oyer-all tests are available, that is tests of the null hypothesis
Hé that all treatments are alike (in the responses they evoke). The

simplest of these tests is to make use of the fact that

t =2
D=4 T (ai - a)” / (nt)
i=1
is, on H;, distributed approximately aS'x,2 with t-1 degrees of

freedom. This is a special case of a more general test given by




6 Design of Experiments

Durbin (1951) and is equivalent to an older method based on counting
the number of circular triads (Kendall and Smith, 1940). The goodness

of the1L2 approximation is examined in [2]. For the carbon paper
experiment

D=24X2, 354/30 X 5 = 62,77,
which is a highly significant value of XF with 4 D,F,
This overall test leaves many questions unanswered, for example:

(1) If, prior to the experiment, one of the t objects in the
paired-comparison experiment is of particular interest to the experi-
menter, how can he use the results to test whether this object is better
(or worse) than, or different from, the average of all objects?

(2) 1f, before the experiment, there is a special interest in
whether two specified objects produce different responses, how does one
use the results of the full paired-comparison experiment to test for a
difference?

(3) How does one test whether the object with the highest (lowest)
score in the experiment is significantly better (worse) than the average?

(4) How does one order the t objects in a paired-comparison experi-
ment into significantly different groups?

(5) How does one test whether the difference of two treatment
scores which are chosen after the completion of the experiment is
significant?

To answer questions (4) and (5) it is possible to adapt the well-
known multiple comparison procedures due to Tukey and to Scheffé, This
approach will not be treated here but is described in |2 . We now con-
sider questions (1) - (3) in turn,

(1) Test of a pre-assigned object

Because of cost of some other characteristic of object N
r (Or), 1 <r <t, the experimenter may be particularly interested in

knowing whether this object is better than average, that is, if

L
Ttr. = E nrj/(t'l) >%o
j
1
On Ho the score a_ of Or is a binomial variate with parameters n(t-1), %,
1f a: is the observed score of 0r the corresponding significance level is . .
. R . n(t-1) : 1y
Pr(a_>a° | B') = 2 n(t-1) ¥ n(t-1) ) .
r>=-r o Kk=a® k .

r
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Except in small experiments a normal approximation can be used to
evaluate this probability,

In view of the generality of our model the point arises bere and
elsewhere that one may in fact be interested in testing not Ho (the hypo-

thesis that all objects are alike) but the more general null hypothesis

H: n, =% all i,

The two hypotheses are the same for the models of Thurstone and Bradley-
Terry, and indeed for any linear model. It can be shown &ﬂ that the

. above procedure is conservative under H ; that is, the level of signifi=
' )
cance under Ho is greater than under Ho.

(2) Tests of equality of two pre-assigned objects

Consider the case in which interest is expressed before the
experiment in testing the difference between 0r and OS. One therefore

wishes to test Ho against one-sided or two-sided alternatives > ..

or m_, =T, » respect}vely. This can be done by finding the distribution
‘. of d = a_-a under Ho. Table 2 giving upper 5 and 1% points of d has

been constructed from the exact distribution of d for small experiments

and a normal approximation (with continuity correction) otherwise,.

Illustration, In the carbon paper experiment brand 2 is more
expensive than brand 4, 1Is it significantly better?

A one-sided test is required, say at the 5% level. We have
d=32-aa=51-24=27. Also

1.64 vht/2 + 0.5 = 1.64 V75 +0.5 = 14,7

giving dC = 15, Since d dc we may declare brand 2 superior to brand 4,

(3) Test of the highest score

After running a paired-comparison experiment, the experimenter
may wish to know whether the object with the highest score (amax’ say)
is significantly better than average.

Let Ai be the event ai_>_ m [0 <m <n(t - 1)] . Then by the

principle of inclusion and exclusion
t
A
Pr(amax > m) Pr(' z i)

i=1
. t

j-1,t
;21 (-1) (j) Pr(AlAz..,Aj).
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For small experiments it is possible to evaluate this probability exactly
and tables are given in [1] for n = 1, 1In other cases it is often adequate
to use the first term in the sum, viz.,

n(t-1)
z

k=m

-n(t-1) (n(t-l)) .

tPr(aizm)=t2 y

as an approximation to Pr(amax >m); it is, of course, also an upper
bound. To test the significance of 8 ax approximately at level a one

chooses as the critical value that positive integer m, say mB » for which A x

t Pr(aiZmBH(') =B<a<t P:l.'(aizmB - 1,H(')).

If a > m_one concludes that the object with score a is better than
max = max

average at the 5% level of significance,

Illustration. In the carbon paper experiment brand 3 obtained the
highest score: 3 ax = 89. To test whether this is significant at the

5% level we note from tables (e.g. Harvard Univ., 1955) that for sample
size n(t - 1) = 120 and p= %

5 Pr(a, > 74) = 0.033

and 5 Pr(ai > 73) > 0.05. .

Thus B = 0.033 and my = 74,

Since 8 ax > 74, we conclude that brand 3 is significantly better

than average,

THE TREATMENT OF TIES. In our discussion of estimation procedures .
and significance tests we have assumed that judges are not allowed to
declare ties. This certainly simplifies the analysis but is frequently
not desirable. Various methods for treating ties are in use: equal
division among the tied objects, decision by the toss of a coin, and
ignoring ties altogether, The last method has advantages in significance
testing but is clearly unsuitable for the estimation of a response scale
since it does not distinguish between results such as the following:

A preferred 4 times, B once, no ties and A preferred 4 times, B once, 20
ties. The other two approaches may seem very plausible but if A is gen-
erally preferred to B it is likely, on the whole, to have had a slight
edge on B even in those cases where the judge could reach no decision,
The following model is proposed in [g], Suppose that in the comparison
of two objects 0i and Oj by a particular judge a response x, is evoked

i -
by Oi and a response xj by Oj’ If lxi - le < 7 the judge declares a .
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tie, if X, - xj >T he prefers Oi,_-if xj - xi>"rhe prefers Oj' Here

the symbol 7T denotes a sensory-threshold, If7T = 0 we are back in the
situation where the probability of a tie is zero,

The model can be superposed on that of Thurstone and Mosteller,
Least squares methods can then be used to estimate not only the mean
responses S, (i=1, ..., t) but also the parameter T (and possibly

different T's for different judges, a point which can be tested).
Actually in [4] the differences X, - xj were taken to follow a cosine

law rather than the normal law of Thurstone., It should be noted that
no splitting of the ties is actually made, the original observations
being used in the analysis, The model has been found to give a satis-
factory fit in the carbon paper experiment when the original 7-point
scale is condensed into a 3-point scale,




Table 1

A linked paired comparison design for 5 treatments and 6 judges

Judge Pairs assigned to a judge
a 3, 5y, (2,4, 1,3, q,4s), (2; 5)
b 2, », 3,s, q,s, a,s, (2,5
c 2, 3), (3, s, (1,2, & 5, a, s
d a, », 1,2, 3,s, 2,8, Q,5s
e (i, 2), 3, s, &, %, 1,3, (2,535
£ 2, 3, (4, 5, (2,4, @, 3, (1, 5)

t=5 (no,

n=6 (no.
b= 10 (no,
r=5 (no.
k=3 (no.
A= 2 (no.

a = 2 (no.

of

of

of

of

of

of

of

treatments or objects to be compared)
judges)
different pairs)

pairs compared by each judge)
times each pair is judged)
pairs compared in common by any two judges)

times each object is compared by each judge)

(From R, C. Bose (1956) with a slight change in notation)

11




Table 2

Critical values of d, the difference in scores of two pre-assigned
objects (t = no. of objects, n = no. of replications)

a= 0.01 a = 0,05
Experiment one-sided two-sided one-sided two-sided
Size test test test test
n t d! d da' d
c c c c
1 L4 no significant values no significant values
1 5 4 none 4 4
possible
1 6 5 5 4 4
1 7 5 5 4 5
8 5 6 4 5
1 9 6 6 4 5
1 10 6 7 5 5
1 11 6 7 5 6
1 12 7 7 5 6
1 13 7 7 5 6
1 14 7 8 5 6
1 15 7 8 5 6
1 16 7 8 6 6
2 3 no significant values 4 4
2 4 5 6 4 5
2 5 6 6 5 5
3 3 6 6 4 5
3 4 6 7 5 6
4 3 6 7 5 6
4 4 7 8 6 6
All larger d! = d = d' = d =
c c c c
values of
nor t smallest smallest - smallest smallest
integer integer integer "integer
22.33A\Ent 22.56435nt 21.644%nt _>_1.96'|35nt
+0.5 + 0.5 + 0.5 + 0,5
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MEASURE OF COMPETING EXPONENTIAL MORTALITY RISKS
WITH ESPECIAL REFERENCE TO THE STUDY OF SMOKING AND LUNG CANCER

Joseph Berkson, M.D,
Mayo Clinic, Rochester, Minnesota

I shall consider the model of two competing risks in the sense of
Neyman Ed]; and to set out the problem, I take first a very simple
example,

Two marksmen shoot at a range of targets, under conditions in which
if a target is struck, it drops instantly from view so that it cannot be
struck again, This provision is made because the striking of a target
with a bullet is intended to represent the striking down of a man by death
from disease. Let the striking rate of Marksman 1 (who may be taken to
represent a specific disease), when he is firing alone, be qq» and simi-

larly let the rate when Marksman 2 is firing alone be Qe The probability

when one risk operates alone is called the "net" risk or rate, and is
represented by lower case q; when it operates together with another risk,
the resulting risk is called the "crude" risk or rate and is represented
by capital Q.

Suppose N targets are exposed and Marksman 1 shoots first, followed
by Marksman 2,
?

(1) Rate for 1 is Q= q
(2) Rate for 2 is Qé = (1 - ql) 9,
(3) Total rate is Q; + Q=29 +aq -q q

Suppose, instead, Marksman 2 shoots first, followed by Marksman 1,

(4) Rate for 2 is Q, = q,
(s) Rate for 1 is Q, = (1 - q2) q
(6) Total rate is Q = q t 4y - q; 9

It is seen that the total crude rate, with both marksmen firing, is
the same, whichever shoots first, and assuming independence of the net
probabilities 9 and 9y this will be true in general, Regardless of the

order of shooting, or whether the two marksmen shoot together, the total
crude rate is given by (3) (6). This result would, of course, usually
be derived as the complement of the product of the probabilities

P, = 1 - 9, and P, = 1 - qys of not being struck; that is as 1 minus

the product of the survival rates,
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If, from independent trial, we knew qq» the net rate of Marksman 1,

and had observed the result Q, the crude rate when both shot together, we
could derive the net rate q, of Marksman 2 from (3):

Q - 9
M 9= —2
f 1 - ql .

But suppose we did not know the net rate of either marksman, 9, of 9y

but had observed the results of their shooting together, and could iden-
tify the number of targets struck by each, from the shape of the bullet
hole or otherwise, so that we could determine the individual crude rates
Q1 and Q2 -- still we could not determine the net rates 95 995 from

these data alone. We have seen that, with the same net rates 9 9,

operating, although the total crude rate Q is independent of the order
of shooting, the individual crude rates Qi, Q2 depended on which marks-

man shot first, This problem of estimating a risk, from observations
when another risk is operating with'it, called "competing risks," by
Neyman E&ﬂ s arises in different contexts of many statistical problems,

In order to estimate the net q's from the observed crude Q's, some-
thing has to be known regarding the time relation of the risks, A
simplifying assumption, which is frequently reasonable, is to suppose
that each instantaneous risk, which is called the "force of mortality”
in actuarial texts, is constant over the period of observation, If 1

is the number of survivors at time t, then t
dlt _ dln 1t
1 dt dt
t

is the instantaneous risk., I will use B's to represent the instantan-
eous risks, and shift to, the example of dealing with two mortality rates,
q; the net mortality from some specified disease, and Py the net mortality

rate from all other diseases than 1, taken together and considered as a
single risk. Then the net probability of death from the respective causes
at time <t is given by

(8) q; =1-e

(9 q, =1-e

where j) is the instantaneous risk for net death risk 1, 52 is the

instantaneous risk for net risk 2, and t is the time measured from t = 0,
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From (8), (9) we have the corresponding net probability of survival to
time t

(10) plzl-qlze

(11) p2=1-q2=e .

The probability of survival to time t, with both risks operating together
is the product of (10) (11) '

-(g, + Bt
(12) P, = e 17277 Bt

and the probability of dying at time <t is

(13) Q=1-P,=1-¢eP"
where B = Bl + BZ'

The formulas (10), (11), (12) represent "survival functions" in the
context of actuarial discussions,

Without loss of generality, we can consider the period of observation
as fromt =0 tot=1,

The proportion of persons dying from cause 1 over the unit period,
say a year, fromt = 0 to t = 1 is the crude death rate from cause 1. It
is

, -3t )
(14) Q= | e Bldt:ﬁ(l-es)z.ﬁ Q
0 B B

and similarly for cause 2

)t
B

and for total deaths from all causes

(15) Q, =

'col'co
(X

(16) Q=0Q +Q=1-¢P

and the probability of survival to the end of the period is

an P=1-Q=e—B°
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The net death rates over the unit period are

(18) q1=1-p1=1-e

il
—
]
o
.

(19) qz =1 - P2

Now, we observe the crude rates Ql’ Q, and Q = Q) * Q3 we wish the net
rates q;5 q,. These can be derived directly from (14), (15), (18), (19),

and are given by

Q
—6—1n(1-Q)

. Q2
(21) In (1 - q2) =B, = 3 In (1 -Q) .

(20) In (1 - ql) = -Bl

MAXIMUM LIKELIHOOD FREQUENCY ESTIMATE. The development of the
formulas for obtaining the net rates q,, q, just given in (20), (21)
is what is sometimes called "deterministic,® We simply solved algebra-
ically for the q's, having written down the equations representing the
assumptions. If we stop to think a moment, in making these solutions we
said we knew the crude rates Q ,Q2. But how are we to know them? We
assume that we have observed them -- the Q's represent the "observed" rates
which are computed by dividing deaths by N, But from a statistical view,
if the numbers N on which these observed rates are based are moderate or
small, we do not "know" the Q's -- these are only estimates. I will now
consider the problem from the stochastic view, and specifically will
develop the maximum likelihood estimates and their variances.

N individuals are observed over the unit period from t = 0 to t = 1,
We observed d deaths, d1 from cause 1, d2 from cause 2, and s = N - d1 - d2

survivors to the end of the period, First, it will be convemient to esti-
mate g = g, + By Since the crude probability of death is (1 - e’B), and

of survival it is e'B, the probability of the sample is proportional to
B8.d -
(22) b= (1 -ePyd s,

From (22) we derive the maximum likelihood estimate and its variance in
the standard way.

In (N/s)
1 .eP
N e-B

(23) B

]

(24) O'E‘ -
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To derive the estimates of Bl and 52 we write the probability of the

sample in terms of d1 and d2. It will be remembered that the crude

B B

1 (1 - e ), and from cause 2 it

B
is Eg (1 - e-B), and the probability of survival to the end of the period

3

is e'B. The probability of the sample is then proportional to

: d d
(25) b= [:El (1-eB |1 Eg (1-ePy |2 ePs
B B

probability of death from cause 1 is

and from this we obtain

(26) By=_1 In(N/e) = _' B
d d
27 B, = K In (N/s) = if B
J d
(28) c;l = 1/N i By By . Bz ;1 - e
| Q- e ") Be” a
(29) o% = 1/N ) B By N Bg (- B .
2 Lfl - eTB) Bz e—B _

We obtain the estimate of the q's from the estimates of the B's by the
corresponding relation to the parameters, for instance
.-Bl
q = l - ¢

2
var, q, = (1 - ql) var. g, .

If these maximum likelihood estimates which I call the "frequency esti-
mates” are examined, it will be found that, in effect, they are the same
as the estimates derived on a deterministic basis, since in that case we
take the crude probability Q as given by the corresponding observed rela-
tive frequency d/N, However, with the development of the maximum like-
lihood estimate, we have also the large sample variance.

MAXIMUM LIKELIHOOD TIME ESTIMATES. In developing the maximum
likelihood frequency estimate as just completed, we took into account
only the number of deaths from each cause in the unit period., We did
not use any information on the times of the deaths, But if the survival
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functions are of assumed form, these times should help us estimate the
parameters . I will now develop the maximum likelihood estimates using
the times of death, The d1 deaths from cause 1 have been observed at

times tl’ the d2 deaths at times t2.

It will be convenient, as before,

For a death at time t among the d = d1

Bé-BE and for a survivor to the end of

first to estimate B = Bl + 82.

+ d, deaths, the probability is
the period, the probability is e-B.

For the total sample the probability is proportional to

d

(30) b=28 ePEE oBs

From this we derive the maximum 1
variance "[h], [5], [9]

ikelihood estimate and its asymptotic

_ d
3D B =
Tt + s
2
2 B - )
Oﬁ = -
(32) . N(1-eP

For the estimate of By and Bys we write the probability of the

observations of the numbers and times of death from cause 1 and cause 2,
and the survivors to the end of the period. Then the probability of the

observations is proportional to

(33) 9=

where B = Bl + 52.

Bd1 -BTt) de ~BLt; -Bs
1 e 2 e e

From (33) we derive the maximum likelihood estimates and their

asymptotic variances.
(34) Bp= —

where Lt = Etl + Etz
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(35)

j

§1 N( -e")

2
(36) Op = —m———
Ba N -ePy

COMPARISON OF THE FREQUENCY AND TIME ESTIMATES., Two sets of maximum
likelihood estimates have been developed, one based on the observed fre-
quencies of death from each cause, the other using also the times of these
deaths. Presumably the time estimates, which use more "information," are
better, and this should be reflected in a smaller variance of the time
estimates., I shall compare the variances of the frequency and time
estimates of 8.

It is clear on inspection that the frequency estimate cannot be good
for large B, Q=1,

B=1n (N/s) .

I1f Q is nearly unity the probability that s = 0, for even fairly large N,
will not be small, and for all samples with s = 0, the frequency estimate
of Bis not determinable, In table 1 are shown the relative variances of
the two estimates for different values of Q. It is seen that for small

Q = .05 the variance of the time estimate is virtually equal to that of
the frequency estimate., For Q < 0.6, the relative efficiency is greater
than 0.9, Only with Q > 0.9 does the efficiency fall below 0.5. Since
the frequency estimate requires only the number of deaths and not their
times, and is easier to compute than the time estimate, it may be found
satisfactory for use, except with very large Q.

MEASURE OF THE MORTAL EFFECT OF SMOKING. The ideas and formulas
developed above are applicable to the analysis of the data of "prospec-
tive" studies into the relation of smoking and lung cancer. As a matter
of fact Dr. Mindel Sheps [}I], on the basis of a heuristic approach invol-
ving the notion of "exposed to risk,”™ derived a maximum likelihood estimae
which is identical with that developed here as the maximum likelihood
frequency estimate of the net probability of death, from all causes,
attributable to smoking. I shall consider the problem more in detail, in
terms of the development I have outlined, particularly in respect of
deaths from specific causes,

Consider deaths as segregated in two classes: those due to (1) some
specific disease, for which I take lung cancer as an example, and (2) all
other causes taken together. Non-smokers are subject to deaths from
"natural causes.™ Smokers also are subject to death from natural causes,
but we assume that, in addition, they are subject to deaths from lung
cancer caused by specific carcinogens Y, and from other diseases caused
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by substances X, these substances Y and X being contained in tobacco
smoke, We assume that these causes act independently, and that the net .
probability of death, at time< t (0< t < 1) in a unit period are given

by

-Bit 4
7 qq = 1-e
1
'Bét ’
(38) @@ = 1l-e
2
-Blt
(39) q, = 1l-e -
, 1 A
-B,t
(40) q. = l-e
2

where q; ’ qé refer to net probabilities of death due to natural causes,
1 2
from lung cancer and other diseases respectively, and q, » Q, refer to
1 2
death from lung cancer and from other diseases caused respectively by
substances Y and substances X contained in tobacco smoke,

The corresponding observed crude probabilities of death are then -

(41) v = Bl . eB't .
% = Z0-)
' B' 'B.t
42 = 2 {1 -
(42) Qt2 - ( e )
(43) QE = 1 - e-B't
-gnt
(44) Q, =f_1_1(1~e6r) . -
1 Br
- t
(45) Q, =_B_2f(1-eﬁ'r)
2 By
-B.rt

(46) Qt =1-e
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where
B' = B} + B}

Bipy= Bl *+ By 5By, =By + B,

— — ]
Bp = By + By = By + By + By + B,
N' nonsmokers have been observed, of whom di have died from lung
cancer at times ti, and dé have died from other diseases at times ti,

while s' = N' - d?l- d'2 have survived to the end of the period., We
wish the maximum likelihood estimates of B'l, B'z, Bl’ BZ’ the corre-

sponding net probabilities of death from lung cancer and from other
diseases, attributable to natural causes, and attributable to cancer.
We can derive these as before by writing out the probability of the
total set of observations, including those on the nonsmokers and those
on the smokers, However, the estimates may be had directly from the
formulas already developed, ;

For the nonsmokers the parameters B'l, B'z, B', and the corre-

sponding q's, and Q's which are functions of the B's are obtained
directly from the formulas given, since these are the parameters
involved in the exponential functions representing the probabilities
of death among the nonsmokers, So far as the smokers are concerned,
considering lung cancer, the deaths are due to (1) natural causes and
(2) substances Y., We remember that in the exponential model the net
risks are additive, so the exponential parameter of the smokers repre-
senting the risk for lung cancer is B11 =B'1 +31. And similarly the

exponential parameter representing the risk of death from other diseases
among the smokers is g,, = B'y * B, as presented in (44), (45). Then

B11 and B2 can be estimated from the observations on the smokers.

Now, the observations on the nonsmokers and on the smokers are indepen-

dent since they are made on different samples, So we obtain the estimate

of Bl and B2 by subtraction

(47) B. =B . .

w> ™y
- ot

w>
]

)
’

(48) 2

Similarly, since the estimates are independent, the variances are

obtained as the sum of the variances of Qi and ﬁll‘ All the other

estimates which are required are functions of the B®s which have been
estimated, and may be obtained by using the formulas for estimating
functions,
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The estimates of all the parameters involved in the analysis, with
their variances, will be presented in a paper to be published later.,*
The chief parameter of interest here is the net probability of death
due to a specified disease, here taken as lung cancer, I shall only
write down the estimates for this parameter, which, it will be remem-
bered, is symbolized by Q.

(49) The frequency estimate is given most simply by,

. 1
In (1 - al) = _fl In (s/N) - 9 1In (s*/N"),
d d’ i
The time estimate is given by
' T Aq
(50) ln (1 -4)=_"° - d .
ot + s Zt + s

I take as an example of the application of the derived formulas,
some data from the prospective study sponsored by the American Cancer
Society and reported by Hammond and Horn [] . [zr, [g]. Some 200,000
men in the age range 50 to 70 years were interviewed and a statement
obtained from each as to his smoking habits. Periodically, inquiry
was made and it was ascertained when any individual had died, and the
time and cause of death as stated on the death certificate were recorded.
A report was made based on the status of each individual as of 44 months
after the initial inquiry, In table 2 are shown the essential data for
the group of men 60-65 years of age at the time of the original inquiry.
The binomial estimates of the probability of death in the 44 month
period of follow-up are shown, for the nonsmokers and for the smokers,
for each of four categories of cause of death, namely cancer of the
lung, other cancer, coronary artery disease, and other diseases, as well
as for death from all diseases, In the last 3 columns are shown three
indices of the effect of smoking in increasing the probability of death -
from each of the categorized causes. The first of these indices is the
estimate of the net probabilityof death from the respective causes, using
the frequency maximum likelihood estimate, The second is the simple
difference of the probabilities of death of smokers and of nonsmokers. : .
The third column gives the so-called mortality ratio, which here is the
ratio of the probability of death among smokers to the probability
among nonsmokers,

If we use the net probability of death as the measure of. the effect
of smoking in respect of a cause.of death, we see ‘that, among the four cate-
gorized causes of death , smoking has the greatest effect in increasing
deaths from coronary heart disease, the next greatest with diseases in
the class "other diseases," the next from cancer other than lung cancer, .
and the least from lung cancer. If we use the simple difference of the
probabilities of death, shown in the next column, we reach essentially

* Jointly with Dr. Lila Elveback,
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the same conclusion., This is not surprising, since it is easy to show
that if the probabilities of death Q, q are small, the net probabilities
are given with close approximation by the simple difference of the proba-
bilities of smokers and nonsmokers, If we use the "mortality ratio”

shown in the last column, a quite different impression is obtained, We
see that this index is 9.7 for lung cancer, while it is less than 2 for
each of the other categories, In at least one important report from the
United States Public Health Service (3], a ratio of less than 2 was con-
sidered as not even worth reporting as physically significant, and if this
view is applied to the data of the table presented, it would only be said
that these data show that smoking causes lung cancer. In an official
statement on smoking by the Surgeon General [2] of the United States Pub-
Iic Health Service -- which depends largely upon the study represented

by table 1, and other studies showing similar results -= only lung cancer
is mentioned!

Which interpretation is valid -- that smoking is associated with
death from all classes of disease, and chiefly from diseases other than
lung cancer, or that drawn from the mortality ratio, which indicates a
great effect on lung cancer and only a relatively small and negligible
effect on any other disease?

The use of the mortality ratio has been criticized on a number of

general grounds by Sheps [12 and by me [1] and it seems to the point to
summarize some of them,

If N animals are exposed to smoking and dg die, while
among N control animals d, die, then the mortality ratio
divides d_ by d_ to obtain a measure of the mortality due
to smoking., In the conception of a death rate that places
the number of "exposed to risk™ in the denominator, this
enumerates the dead controls as the “exposed to risk," and
seems to imply that it is only those who are already dead
from natural causes that can be killed by smoking! This
hag prompted Sheps ironically to title her article "Shall
We Count the Living or the Dead?"

It is arbitrary to use the ratio of mortality rates
rather than the ratio of survival rates, and each gives a
very different answer to the questions of the problem in
hand.

If a mortal drug were tried with controls, using the
mortality ratio, it would appear to have a larger effect in
a season when the natural mortality was low, than when it
was tried in a season during which the natural mortality was
high -- even if the actual effect of the drug was unaltered.

Use of the ratio makes a small increase of deaths from
a disease in the smoking group appear inordinately large if
the natural mortality from that disease is small, and reduces
to absurdity if the natural mortality is zero,
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Yet there has been a great use of the mortality ratio in the studies
referred to, with consequent emphasis on lung cancer. Now, the interpre- .
tation of the biologic significance of these statistical findings turns
critically on how they are reported., 1If it is reported that smoking
causes many diseases -- including such diseases as cancer of the prostate, N
for which no physical explanation is at hand -- it may be considered that
the studies "prove too much," and that they are spurious, arising possibly
from some unrepresentativeness in the sample, Or, if they are not spurious, -
they will perhaps be interpreted as reflecting a constitutional difference
between nonsmokers and smokers rather than as supporting the theory that
smoking causes lung cancer. But the general public, and also statisticians
generally, have received the impression that all the statistical studies
show is that smoking causes lung cancer. The public has not been told
with anything like equal clarity, that smoking, in these statistical
studies, seems to cause all classes of disease -- lung cancer only to the
extent of about 15 per cent of the total, The statistical basis of this
emphasis on lung cancer seems to be the use of mortality ratios, instead
of net rates, or difference of death rates, to measure the putative
mortal effect of smoking, This is the reason for linking the present -
paper on exponential competing risks to the statistical study of smoking
and lung cancer,




Table 1
Comparison of Variance

Time estimate and frequency estimate

N x Variance

Time Frequency Relative

Q Estimate Estimate Efficiency
.001 .0010 .0010 1.000
.01 .0101 .0101 1.000
.05 .0526 .0526 1,000
.10 L1110 L1111 .999
.50 .9609 1.,0000 .961
.60 1.3993 1.5000 .933
:90 5.8910 9.0000 .655
;95 8.9744 19,0000 472
.99 21,4218 99.0000 216
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Deaths in AL months. Age

at beginning, 60-6/ years

Nonsmokers* Smokers#¥# Measure of effect of smoking
20,278 21,591
Net
Deaths Deaths prob. Diff.
due to of Mort,
Cause of death No. Prob. No. Prob. smoking | prob. ratio
Lung cancer 10 .00049 103 00477 . 00449 .C0L28 9.7
Other cancer 218 .01075 325 .01505 . 00469 00430 1.4
Coronary disease 552 .02722 921 .04265 ,01653 .01543 1.6
Other diseases 486 | -0=397 667 .03089 .00765 .00692 1.3
Total: All causes 1266 .06243 2016 .09336 .03303 .03093 1.5
* Nonsmokers = never smoked cigarettes regularly.

#3% Smokers = all regular cigasrette smokers.
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ARMY RESEARCH AND DEVELOPMENT

Richard A, Weiss
Army Research Offize

Ladies and Gentlemen: What I want to talk about is Army Research
and Development in its general aspects., Even though many of us are in
the Army, it has been my experience that as members of one Technical
Service, we tend to forget that there are other programs than our own,
As a matter of fact, each Technical Service, in its own area, has res-
ponsibility for work of major importance in the research and development
field., I thought if I could go through the program of the Army in a
rather rapid fashion, it would give vou some appreciation of the scope
and poesibly the depth of the programs being worked on by the seven
Technical Services and their impact on the civilian economy .

We start with the organization of the Army, The organization of
the Department of Defense might be likened to an onion, one of the many
layers of which is the Army, The Chief of Research and Development is
responsible for the planning and direction of research ana development
in the Army., He does this through three directorates: The Director of
Developments, who is responsible for communications electronics, sur-
veillance, the development of combat equipment, Army aviation, and the
many developments necessary for the support of the ground soldier; the
Director of Special Weapons, who is responsible for such aress as nuclear
power, the nuclear aspects of missiles, and generally, with the cverall
weapons program of the Army; and the Director of Army Research, who has
responsibility for monitoring the entire resezrch pregram of the Army
which is extensive and diverse, The Army Research Office, which is the
operating element of the Directorate of Army Research, is; as you know,
a rether newly formed office. It is in the process of being staffed
and hopes to be in such a position as to present a sound scientific
Army position to the outside scientific community and also do the job
that it has to do to defend the support of basic research at the
Defense level and in the Army Staff itself,
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Slide 1

The first slide is a representation of the present Army Research
Office organization., As you see, there is an Operations Research
Division. This division is responsible for special studies cutting
across much of the Army’s overall mission and, particularly, those
relating to research in the Army's operational problems, The Research
Support Division has responsibitity for activities relating to scien=-
tific manpower, scientific information, and symposia and conferences
of a scientific nature, It has just completed necessary staffing on
a tri-service grants program. Human Factars Division is concerned with
the problems of training and leadership and the relationship of the sol-
dier to the machine, The three scientific divisions - Environmental
Sciences Division, Life Sciences Division, and Physical Sciences Division -
are composed of civilian and military scientists, all specialists in
various scientific disciplines. In their particular fields, they analyze
the program to determine gaps, determine the proper program balance, and
develop policies effecting the improvement of the environment of the
scientists in various laboratories and arsenals in the Army,




of CRD

Slide 2
Magnitude and Complexity
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Slide 2

I don’t know whether this can be seen, but this is an idea of the
magnitude of supervision and coordination that the Chief of Research and
Development has., The first seven blocks on the left are the seven Tech-
. nical Services - Army Medical Service, Chemical Corps, Ordnance Corps,
Signal Corps, Quartermaster Corps, Transportation Corps, and the Corps of
Engineers, There is a Research and Development liaison group in Frankfort,
Germany, carrying out the support of sciences in European communities,
There is the Army Mathematics Center at the University of Wisconsin; R&D
support for the Continental Command at Fort Monroe; The Human Factors
Research Office at George Washington University; The Operations Research
Office at Johns Hopkins University; R&D support for a division of Special
Warfare; and R&D support of operations research for the Deputy Chief of
Staff for Logistics,

These are the areas where the Chief of R&D has to provide funds for

. the support of the work that is going on, It is his responsibility to get
the funds to carry out the mission and to provide support for the scientific
staff. There are 38 Army installatibns where the research is being done,
This is not generally known by most people in the Army. There are 19 gov-
ernment and over 400 civilian contractors, and as of today there are about
2400 research tasks in the various scientific disciplines cover1ng something
in the order of 74 sub-fields,

Now, a little bit about funding, The Chief of R&D has the problem of
maintaining a balanced program, not only with the logistics of production
but, once having got his share, maintaining a balanced program between the
development program and the research program, And this is a rather trying
task because each of these areas makes its own rather severe demands, Re-
garding the total fumds in 1960: There is, roughly, a billion dollar budget =
half a billion dollars in research and development and another half billion
in test and evaluation, It will be divided, roughly, in the following
* fashion:
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Slide 3

This slide shows a pie view of the allocation of funds among the
seven Technical Services. You see Army-wide - $15,1 million - that has to
do with a rather large program that goes across the entire board., Here the
Office of Ordnance Research, the Army Mathematics Center, the European
Research Office, and the new office in Japan are supported. Now, going
around, you can see the relative proportions. This shows a total of $81.7
million in a prior year, but the program still balances up approximately
the same, and the total research support, which is in the order of $130
million in 1960, will be divided among the Technical Services approximately
according to the percentages shown here, Now, basic research is about
35 million dollars, which is of the order of one-fourth of the total Research
and Development Program of $130 million, So I think that a ratio of one
dollar for every four R&D dollars in support of research is a pretty healthy
indication of the support of research that the Army is giving,

I would like to point out that the total contracts to non-government
installations by all the seven Technical Services is in the order of 4,000,
I think anyone would agree that in the research field alone, and I am not
talking development or test and evaluation, the dollars that the Army spends
certainly make a major impact on the total economy of the country, Obviously,
the Navy and the Air Force do the same, the sum of money that is spent is
considerable, and I would like to spend a little bit of time later indicating
some of the things that have come out of the program,

Now, a few things about the Army installations,




<

‘on Counter

-

[
g
L]
v

¢

Whole Bedy

RS 5280
R

A
e

Y
R
g S tores

%
e
.

i,

. " ¥
W rpe Yo
AR

L

i
S
G

1
o

i L i S RSV s kA




Design of Experiments 43

Slide 4

This is a slide of the whole body radiation counter at the Walter
Reed Army Institute for Medical Research., It is possible to put a man
inside so that the radiation emitted by virtue of any radiocactive material
that is in his body can be counted by a bank of scintillation counters.
As a matter of fact, it is the only one, I believe, in the country, and
much good research has been done at Walter Reed in this field,

Slide 5
(on following page)
Next is a slide of the White Sands Proving Ground which many of you
will recognize., This is the Range Control Station for continuous plot
of trajectories; a great amount of information is ground out here during

the test flights,

Slide 6

The next slide shows an engine on a static test stand,
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Slide 7

The following slide was taken in Thule, Greenland, Here there are
something like nine disciplines covered in the 50 research tasks that are
being undertaken by all the Technical Services. This is the area where
the Engineers and the Transportation Corps, particularly, are engaged in
a major program in determining how to survive and come to terms with the
environment in these latitudes, Some rather remarkable and unique types
of operations have been carried out by the Engineers under ice, Here ice
is handled as one would cut stone from a quarry and ice construction is
carried on underground, Laboratories have been established and experi-
ments on ice and its characteristics are carried out,

Slide 8

This is something which will be recognized. It is the Army's packaged
power reactor at Fort Belvoir, Virginia. The general feeling is that some
rather remarkable things can be done in isolated areas with a facility of
this kind, It is a 2-megowatt, thermally measured power apparatus, and is
a prototype for others being built,

Slide 9

The next slide is of the solar furnace just recently installed at the
Quartermaster Corps Natick Laboratory., The little white house in the cen-
ter is the place where the beam is focused, There is a plane of mirror
which tracks the sun and directs the parallel rays into a convex focusing
mirror. Temperatures up to 3500 F, are achievable with fluxes of the
order of 75 calories per sp. cm. -




Slide 8
Power Reactor, Fort Belvoir
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Slide 10

This is a slide of a rather famous place. It is the old cavalry post
at Fort Huachuca, in Arizona, It is now run by the Signal Corps and is an
electronic proving ground where a great deal of testing is being done on
surveillance devices, on the effect of counter-measures and general testing
and evaluation in the field of communications for combat purposes. The red-
roofed buildings are the old buildings that were there when the post was
first established many years ago.

These are only a few of the number of installations that the Army has,
and as a matter of fact, when one visits and sees the modern scientific and
technical equipment available in the laboratories, one really has a great
respect for the diversity and depth of Army science,

Now a few things about the accomplishments that the Army has been able
to achieve which are of value to the civilian economy, Certainly World
War II gave impetus to the aircraft industry and gave the chemical industry
its greatest change to produce, It also ushered in the electronic age and
the nuclear age. Following these, we now have the space age, Certainly
one can expect, as time goes on, that the Department of Defense, with its
three services, will be making other important contributions to our economy,.

The Quartermaster Corps has done a major job in the processing and
packaging of foods, much of which finds its way into the civilian economy.
Pasteurization, dehydration, development of balanced diets for large groups,
and minimum weight packaged material represent their area of contribution,

If the Communists ever use chemicals against us, we must be prepared
to meet such an attack., Chemical Corps is working on this, On the other
hand, Chemical Corps has performed recent tests which prove that nonlethal
gases can incapacitate without killing, leaving no harmful after effects
on humans or structures, Thus an objective can be captured without des-
troying needed buildings, bridges, or other man made structures, After
receiving a dose of a gas of this type, humans will not react to orders or
instructions, but wander around aimlessly, These gases are being investi-
gated as possible alternatives to the massive exchange of thermonuclear
weapons or the use of toxic agents,

In the Transportation Corps, they are concerned about advanced aircraft
design, primarily of the type designated by "fly low, fly slow.® The Army
has to work close to the ground, Its vehicles have to be close to or on
the ground, and much work is being done in this field,

I have a number of slides here showing some of the advanced designs -
work that is in the development or prototype stage.
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Slide 11

The first slide is the Army's Mohawk - reconnaissance and observation
aircraft, This is a high-speed, short-take-off and landing aircraft for
visual, photographic and electronic observations for shallow penetration
into the enemy lines in the order of 25 to 40 miles,

Slide 12

The next slide is the Caribou. This is an airplane developed by the
De Haviland Company in Canada, It is a three-ton short-take-off and landing
aircraft, designed primarily for civilian use in Canada, Mexico and South
America but now also serving the needs of the Army. As a matter of fact, .
this will be a plane which could be used wherever the development of a coun-
try has not advanced to the extent where you might expect to find prepared
landing fields. This is particularly true in Brazil, 1 learned when I was
in Brazil this last summer that Focke and a large staff of Germans left
Germany shortly after the close of the War, went to Brazil and are now

working for the Brazilian airforce in the development of VIOL and STOL
aircraft,

Slide 13

The next slide indicates work done by Goodyear on the Inflatoplane,
This is a compact, rubberized craft which can be inflated by means of high-
pressure COp. Parachuted out of aircraft, it can be assembled on the ground
and flown from crude landing fields, Here it is, assembled and in the pro-
cess of take-off. The engine, if you can see it, is right above the wing,
a little to the right of the tail,
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Slide 14

A little bit about the air-column supported vehicles.- These are
research aircraft., When I talk about air-supported, I mean the ducted
fan and convertor type planes. They are of the vertical take-off and
landing (VIOL) and the short take-off and landing (STOL) type aircraft.
The first one is a rotatable ducted fan made by Doak. Here you can see
that the fan moves through its transition phase and lift phase and then
it moves forward., The problems of transition, I understand, are difficult,
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Slide 15

The next slide is of the Vertol tilt-wing aircraft; here the whole
wing tilts instead of just the fan nacelle,

Slides 16, 17

In the converti-plane made by Bell Aircraft you can see, in the next
slide, the lift phase, and in the next, the forward flight phase where the
propeller has turned through 90 degrees, They have successfully gone
through the transition phases of several of these experimental aircraft.

Now, something about aserial vehicles. These are general purpose
vehicles, There are a number of slides I am going to show of various
designs,
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Bell Convertiplane - Forward Phase

i

N g

SRR
B
g -

X




$57

_9191Yy3A 3IInessy aseyg adssuoy

Ay mAATYen



»

Design of Experiments 63

Slide 18

First is a Piasecki prototype aerial vehicle we used to call the
"Jeep,” however that is a patented name now, so we have to call it

something else. It's just a flying vehicle - an artist's concept, as
a matter of fact,

Slide 19, 20

The next slide is the developmental aircraft in flight and in the
process of take-off, and the following slide is the same aircraft -
that is Mr. Piasecki flying it and coming down to a landing. Someone
has said that this vehicle has the glide angle of a rock, and I would
guess that it probably has, if the engine failed,
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Slide 20
Piasecki - Aerial Jeep - Landing
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Slide 21

The next slide is a concept of the operational phase of an aerial
jeep showing two down draft propelling systems and some idea of how it
might make use of terrain cover,

I must mention here that the fly-low-fly-slow type of philosophy
is governing the design and development of Army aircraft, It is designed
to hug close to the earth and make use of all natural terrain so that
problems having to do with observation can be carried out without danger
of hazard from the enemy.

You know that the Army, and in particular the Ordnance Corps, has a
major program in rockets. I thought you would like to get a look at
three of them, -

Slide 22

The first one is the Redstone, which, as you know, has proven its
reliability, I do have a statement here which is the only one that the
Army has been permitted to make in regard to space, "This missile (the
Redstone) because of its proven reliability and stability, will be used
to launch the first American into space as part of the NASA's Project
Mercury." That is the extent to which I can say anything about it,

Slide 23

This is Jupiter C, or Explorer I, as you know it, It is a modified
Redstone. It was the Free World's first satellite, and is expected to be
up four or five years more. Judging from the number of successful firings
it looks as though successful satellites are getting to be old hat,
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Redstone
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Jupiter C- nwionmn 1 .
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Slide 24
Next is the Army's IRBM Jupiter, and that covers the rocket family,

I want to say something now about contributions in the field of
communication, Certainly in the field of transistors, printed circuits
and miniature and micro-miniature components, we have entered into a new
age in electronic packaging. Truly, this type of component will provide
entirely new types of electronic instrumentation, The last I heard was
that miniaturization had got down to a point where there are in the order
of 600 thousand to a million parts per cubic foot component density, and
I also understand that solid state materials are being used actually to
build circuits - that is, inductors, resistors, and capacitors - right
into the materials} so much can be expected in this area in the future.

Slide 25

I have several slides which show some of these. The first slide
is a miniaturized component as you see it along side of a paper clip.
This isn't just one component - it has the entire circuit built inside
of it and performs functions such as switching, oscillation and amplia
fication,

Slide 26

The next slide is a picture of a micro-module shown alongside a
lump of sugar. There is a stack of circuit elements designed for various
functions in the module,
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