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FOREWQRD

The 21st Conferencé on the Dasign of Experiments in Army Research,
Development and Testing was held 22-24 QOctober 1975 in Washington, DC.
The Conference, which took place at the Waiter Reed Medical Complex, had
two nosts: the Walter Reed Army Medical Center and the Armed Forces
Institute of Pathology. Both hosts furnished excellent conference rooms
and meeting rooms for this symposium., Planning for these meetings re-
quires painstaking attention to detail and we are indebted to Dr. Walter
D. Foster and Dr. James N. Young, both of the Armed Forces Institute of
Pathology, for serving well as Chairmen for Local Arrangments. We are

- pleased that Major General Robert Bernstein, Commander of the Walter Reed

Army Medical Center, opened the Conference and welcomed us. This is not
the first meeting té be held at the Walter Reed installation. On each
occasion, the reception given us has been excellent, and we look forward
to meetings there again in the future,

There were four addresses by invited speakers. Traditionally an
attempt is made by the Program Committee to have expository talks on
themes somewhat pertinent to the mission of the Army installation at
which the annual conference is held, Success along these 1ines was
achieved again. The first address was given by Frederick Mostaller of
Harvard University, who spoke on "Success in Social and Medical Experi-
mentation." Dr. Mosteller was given, at his request, two hours to de-
liver his address. Normally, there would have been five invited addresses,
but the length of Professor Mosteller's talk led to four at this meeting.
Dr, Mosteller's talk was given at the first morning of the Conference
and was followed in the late afternoon by two papers on clinical trials,
There has been much in the medical and statistical literature on this
topic. Professor Edmund A, Gehan of the University of Texas System
Cancer Center spoke un "Non-randomf:zed Clinical Trials" and Professor
Paul Meier of the University of Chicago addressed the audience on
"Randomized Clinical Trials." On the second day cf the Conference,
Professor Seymour Geisser of the University of Minnesota gave an in-
vited address on "Predictive Sample Reuse." This was followed on the
morning of the last day of the Conference by a talk on "Normality and
Disease" given by Professor Edmond A. Murphy of the Johns Hopkins
Medical School.

One major purpose of the Conference is to bring together those
engaged in scientific work in Army installations with investigators
from other government agencies and those from university 1ife, This
interaction has been going on successfully since the inception of the
program, Statisticians and others in Army installations discuss their
work at technical sessions and clinical sessions at each annual con-
ference. For this Conference there were seven technical sessions com-
prising 24 papers and four clinical sessions. At the clinical sessions
a panel of experts responds to problems raised bv those in Army instal-
lations who have usually given advance manuscripc copies to the panelists.
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Besides the technical aspects, these sessions provide a source for _ 3
initiating future collaboration between scientists in Army installa- R
tions and those in university life, : B

At the start of this year's opening session, Or, Walter D. Foster
was honored with a Certificate for Achievement for the valuable con-
tributions he made during his twelve yoars as Chairman of the Probabiliiiy
and Statistics Subcommittee of the Army Mathematics Steering Committee, : ]
‘e was specifically cited for "continuously and vigrrously crusading : 2]
for ipplication of sound statistical principles and methodology to E
problems in Army research and development," v : ‘;

On the svening of the first day of the Conference, a banquet is
held at which the Samuel $5. Wilks Mamorial Award of the American
Statistical Association and the Department of the Army is presented.

At this meet1nx the 11th award was presented by Lester Frankel, Presi-
dent of the ASA, to Dr, Herbert Solomon, Professor of Statistics, Stan-
ford University. The award was made to Dr. Solomon for his significant
contributions to statistical methodology and for his outstanding contri-
butions in the application of statistics in the service of the nation.

The Army Mathematics Steering Committee sponsors these meetings on
behalf of the Office of the Chief of Research and Development and Ac- 3
quisition to bring new developments in statistics to A sciantists i
and engineers and to expose them to thinking that could profitable
to them in the execution of their missions. The Committee has asked
that the proceedings of the Conference be published and issued Army-
wide and to other scientific communities.

At the beginning of each calendar year the program committee for
these conferences is selected and meets in Washington, DC, to suggest 4
areas of interest, to outline a program, and to suggest speakers for .
the meeting to be held later that year. I would like to express my ;
appreciation to Dr. Frank Grubbs, Program Chairman for this year's
committee, and to Dr, Douglas Tang, Chairman of the Subcommittee on
Probability and Statisties, Army Mathematics Steering Committee, for
their efforts and great help. My thanks also go to other committee
members involved in developing this year's program: Drs. David W.
Alling, Gary A. Chase, Walter D, Foster, Bernard Harris, J. Stuart
Hunter, Cl1i1fford J. Maloney, Badrig Kurkjian, Marvin Schneiderman.
Francis Dressel, as always, was helpful in many ways in making sure
the program was a success. Thus many hands helped in guiding this
C?n:e;ence to a successful conclusion, and this is very much appre-
ciated.

Herbert Solomon
Conference Chairman
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AGERDA
THE TWENTY-FIRST CONFERENCE ON THE DESIGN OF EXPERIMENTS
IN ARMY RESEARCH, DEVELOPMENT AND TESTING

22.24 Octoder 1975

The Armed Forces Institute of Pathology
sased Yednesday, 22 October S¥Ee

0830-0930 REGISTRATION -- Lobby of Sternmberg Auditorium (WRAIR)
0930-1220 GENERAL SESSION I -- Sternberg Auditorium
CALLING OF CONFERENCE TO ORDER

Dr. Walter D, Foster, Chairman on Local Arrangements, Armed
Forces Institute of Pathology, Washington, D. C,

WELCOMING REMARKS

Major ueneral Robert Berstein. Commander, WRAMC

CHAIRMAN OF SESSION I

Dr. Frank E, Grubbs, Program Committee Chairman, Aberdeen
Proving Ground, Maryland

SUCCESS IN SOCIAL AND MEDICAL EXPERIMENTATION

Professor Frederick Mosteller, Department of Statistics,
Harvard University, Cambridge, Massachusetts

1050-1120  BREAK
1120-1220 GENERAL SESSION I (CONTINUED)
SECOND PART OF THE ADDRESS BY PROFESSOR MOSTELLER

1220-1320 LUNCH -- Officers' Open Mess, WRAMC
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1320-1430

-

1320-1430

=
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289988 Yednesday #HaNN
CLINTICAL SBESSION A -~ Dart Auditorium (AFIT)
CHATRMAN

Boy@ Harshbarger, Department of Statistics, Virginia Polytechnic
Institute and State University, Blacksburg, Virginia

PANELISTS

Robert Bechhofer, Department of Operations Research, Cornell
University, Ithaca, New York

Joseph M, Cameron, Statistical Engineering Laboratory, National
Bureanu of Standards, Wahsington, D. C.

A, Clifford Cohen, Institute of Statistics, University of
Gecrgia, Athens, Georgia

J. -Richud Moore, U.S. Army Ballistics Research Laboratories
Aberdeen Proving Ground, Maryland

INVESTIGATIONS OF INTERFACE BETWEEN 5,56MM BULLETS AND RIFLING
CONFIGURATIONS

Dennis Conway, Munitions Development and Engineering Directorate,
Frankford Arsenal, Philadelphia, Pennsylvania

A STEP TOWARD THE RATIONAL DESIGN OF EXPERIMENTS IN METAL-
FORMING TECHNOLOGY

Paul Gordon, Materials Engineering Division, Pitman~Dunn E
Laboratory, Frankford Arsensal, Philadelphia, Pennsylvania 3

TECHNICAL SESSION 1 -- Owen Conferenca Room (AFIP)
CHAIRMAN

Lang Withers, U.S. Army Operational Test and Evaluation Agency,
Fort Belvoir, Virginia

DESIGN OF EXPERIMENTS DEALING WITH MAN-MACHINE INTERFACE IN
CURRENT COMMUNICATICNS SYSTEMS

R. J. D'Accardi, H. S. Bennett, U, S. Army Electronics Command,
Fort Monmouth, New Jersey

J. R. Hennessy, U,S, ARMY MERDC, Fort Belvoir, Virginia

PLANNING FOR THE MEASUREMENT OF FLIGHT TRAJECTORY

J. B, Gose and J. V., Carrillo, Quality Assurance Office
U.8, Army White Sands Missile Range, White Sands, New Mexico
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1430-1500
1500-1T10

i

1830-1915

0830-1010

B Gt RS e ma

, #%Nee  Yednesday #eses

BREAK

GENERAL SESSION II -~ Sternberg Auditorium (WRAIR)
CHAIRMAN

Dr. Marvin A, Schneidermrn, National Cancer Institute, Bethesda,
Maryland

NONRANDOMIZED CLIRICAL TRIALS

Professor Edmund A, Gehan, Department of Biomathematics,
University of Texas System Cancer Center, Houston, Texas

RANDOMIZED CLINICAL TRIALS

Professor Paul Meier, Department of Statistice, The University
of Chicago, Chicago, illinois

SOCIAL GATHERING -- Officers' Open Mess, WRAMC
BANQUET
PRESENTATION OF THE SAMUEL S. WILKS MEMORIAL AWARD
Dr., Frank E. Grubbs, Master of Ceremonies
#8888 Thursday, 23 October Wnes
CLINICAL SESSION B - Dart Auditorium (AFIP)
CHAIRMAN
Bedrig Kurkjian, U.S. Army Materiel Command, Alexandria, Virginia
PANELISTS

Robert Bechhofer, Department of dpera.tiona Research, Cornell
University, Ilthacae, New York

Seymour Geisser, School of Statistics, University of Minnesota,
Minneapolis, Minnesota

J. Richard Moore, U.8, Army Ballistics Research Laboratories,
Aberdeen Proving Ground, Maryland

Richard L. Moore, U.S. Army Armament Command, Rock Island, Illinois
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f anesn  Thursdey #eene i
CLINICAL BESSION B (CONTINUED)

EMPIRICAL COMPARISON OF CRITERION-REFERENCED MEASUREMENT
MODELS

Frederick H, Steinheiser, Jr, and Kenneth I, Epstein, U.8. Army
Research Institute for the Behavioral and Social Soiences,
Arlington, Virginia

) PRESSUFE IMPULSE METHODOLOGY ' -

Barry H. Rodin, Concepts Analysis Laboratory, Ballistic
Research Laboratory, Aberdeen Proving Ground, Maryland

0830-1010  TECHNICAL S8ESSION 2 =- Owen Conference Hoom (AFIP)
CHATRMAN

Douglas B. Tang, Department of Biostatistics/Applied Muthematics,
_ Division of Biometrice and Medical Information Processing, Walter
; Reed Army Institute of Research, Washington, D. C.

NONRANDOMIZED FACTORIAL DESIGNS CHARACTERIZED BY TREND
ELIMINATION AND A MINIMUM NUMBER OF FACTOR LEVEL CHANGES

Les Lancaster and Steve Reynolds, U,S, Army Operational
Test and Evaluation Agency, Fort Belvoir, Virginia

A METHOD OF ESTIMATING ERROR VARIANCE IN A NON-REPLICATED
2 EXPERIMENT BY PARTITIONING AN INTERACTION TERM INTO NON=
ADDITIVITY AND ERROR

?, Lieutenant L, Douglas Peirce, Army Logilstics Management
2 Center, School of Logistics Science, Systems and Cost Analysis 3
Department, Fort Lee, Virginia 3

: PLANNING QUANTAL RESPONSE TESTS FOR ORINANCE DEVICES: THE
3 TWO-POINT STRATEG! AND ANALYSIS

N R, E, Little, The University of Michigan-Dearborn, School -%
4 of Engineering, Deerborn, Miihigan




0830-1010

1010-10k0
1040-1220

A8888 Thursdegy 448as
TECHNICAL BESSION 3 -~ Carrsll Auditorium
CHAIRMAN

Bugoce P, Duteit, U.8, army Infantry School, Directorate of
Coobax Developments, Fort Bemning, Georgia

APPLICATIONS OF THE MONTE CARLO TECHNIQUE TO DETERMINE STATISTICAL
STRESS AND BTRAIN RESPONSE AROUND CUT-OUTS IN COMPOSITES

Doneld M. Neal, Army Materials and Mechanics Research Center,
Watertown, Massachusetts

TECHNIQUE FOR STATISTICALLY DETERMINING FLIGHT SUITABILITY OF
Al ARTILLARY PROJECTILE

Gertrude Weintraudb and Ronald Corn, Picatinny Arsenal, Dover,
New Jersey

BAYESIAN SYSTEM RELIABILITY GROWTH ANALYSIS USING SUBSYSTEM DATA
John G. Mardo, Picatinny Arsenal, Dover, New Jersey

BREAK

CLINICAL SESSION C -- Dart Auditorium (APIP)

CHAIRMAN

R. J. D'Accardi, U,8., Army Electronics Command, Fort Mc'.routh
New Jersey

PANELISTS

A, Clifford Cohen, Ingtitute of Statistics, University of
Georgia, Athens, Georgie

Larry H, Crow, U.S. Army Materiel Systems Analysis Agency,
Aberdeen Proving Ground, Maryland

Bernard Harris, Mathematics Research Center, University of
Wisconsin, Madison, Wisconsin

Herbert Solomon, Department of Statistice, Stanford University
Stanford, California
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] CLINICAL SESSION C ( CONTINUED) 3
APPLICATION OF LIFE TESTING TECHNIQUES TO DETECTION DATA ;
3 Carl B. Bates, U.B. Army Concepts Analysis Agency, Bethesda, 3
: Maryland :
L TEST NESIGN CONSIIERATIONS IN COMOUGLAGE OF THE M60A1l TANK ;
;. |
MAJ William K, Emerson, USAMERDC, RLD Coordinator, Fort
k Belvoir, Virginiae
1040-1220  TECHNICAL SESCTON b — Oven Conference Room (AFIP) P
g CHATRMAN L
3 g Robnit Burge, Department of Biostatistics/Applied Mathematics j :
% Division of Biometrics and Medical Information Processing, ; 3
L § Walter Reed Army Institute of Research, Washington, D. C. ; 3
; ON THE ROBUSTNESS OF THE EXPOTENTTAL DISTRIBUTION §
v f -
5- George C. Canavos, School of Business, Virginia Commonwealth 3
University, Richmond, Virginia ]
; RANDOM INTERVAL RELIABILITY ;
. :
: Gerald R. Andersen, Office AMC Chief Mathematician, HQ, U.S. i
; Army Materiel Command, Alexandria, Virginia 1
3 % CONFIDENCE INTERVALS FCR A SUM OF RENEWAL PROCESSES WITH
3 : APPLICATION IN RELIABILITY %
F s
4 Ronald L. Racicot, Applied Math & Mechanics Division, Research 5
: Directorate, Benet Weapons Leaboratory, Waterviiet Arsenal, 3
] Waterviiet, New York i
STRUCTURAL VARIANCE ESTIMATION g
Clifford J. Maloney and Lucille Carver, Bureau of Biologics, g
FDA, Rockville, Marylend
£ 3
1220-1320  LUNCH -~ Officers' Open Mess, WRAMC %
k
xii {
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% 1320-1520 CLINICAL SESSION D- Dart Auaitorium (AFIP) ‘%
g CHATRMAN g jﬂ
E Cuifford J. Meloney, Buresu of Biologies, FDA, Bethesds, Maryland § ﬁ;
L PANELISTS i3
E Frank E. Grubbs, Aberdeen Proving Ground, Maryland i g
$ Bernard Harris, Msthematics Research Center, University of ’f _ 1
¢ Wisconsin, Madison, Wisconsin z

; Richard L. Moore, U.S. Army Armament Command, Rock Island, IL

Herbert tSolcmon, Department of Statistics, Stanford University
Stanford, California

ey Cav

UNKNOWN SIGNAL DETECTOR IN A MULTIPLE OBJECT SITUATION

Ca e AT T YRS O
e T

John Bart Wilburn, Jr., IM Branch, U.S, Army Electronic
Proving Ground, Fort Huachuca, Arizona

OUTLIER DETECTION PROCEDURES IN TRAJECTORY DATA REDUCTION

ot e

William 8. Agee and Robert H. Turner, Analysis and Computation
Division, National Range Operations Directorate, U.S. Army
White Sands Missjile Range, White Sands, New Mexico

B 132n0-1520 TECHNICAL SESSION 5 - Owen Conference Room (AFIP)

CHATRMAN 1

Ian McLean, Armed Forces Institute of Pathology, Washington, D, C,

APPLYING SIMULATION OF PHYSIOLOGICAL SYSTEMS TO THE DESIGN OF
. EXPERIMENTS: EXAMPLES OF ENDOCRINE AND RESPIRATORY FUNCTIONS

Stanley M. Finkelstein, Division of Biological Engineering
.and Department of Operations Research and System Analysis,
Polytechnical Institute of Newv York, Brooklyn, New York

LTS Lt

Stanley S. Reisman, Department of Electrical Engineering,
: New Jergey Institute of Technology, Newark, New Jersey

A TESIGN FOR THE DETECTION OF SYNERGY IN DRUG MIXTURES

: P, V. Piserchie and B. V. Shah, Statistics Research Division, 4
3 Research Triangle Institute, Research Triangle Park, North Carolina ]
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1520-1550
1550-1700

0830-~1020

(1Y) Thursw 200880
TECHNICAL SESSION 5 (CONTINUED)
A NEW SAMPLING RULE FOR SEQUENTIAL BINOMIAL CLINICAL TRIALS

R. Srinivasan, Department of Mathematics, Temple University,
Phildelphiia, Pennsylvania )

BREAK
GENERAL SESSION III -~ Dart Auditorium (AFIP)
CHAIRMAN

Professor J. Stuart Hunter, Committee on National Statistics,
National Academy of Sciences, Washington, D. C.

PREDICTIVE SAMPLE REUSE

Professor Seymour Geisser, School of Statistics, University
of Minnesota, Minneapolis, Miunesota

sueen  Friday, 24 October #ewwn
TECHNICAL SESSION 6 -- Dart Auditorium (AFIP)
CHATRMAN

Joseph Rothberg, Division of Neuropsychiatry, Walter Reed
Army Institute of Research, Washington, D. C.

VAIROUS METHODOLOGICAL APPROACHES TO PEER EVALUATIONS

Ronald G. Downey end Paul J. Duffy, U.S. Army Research Institute
for Behavioral and Soclal Sciences, Arlington, Virginia

OBJECTIVE ANALYSIS OF CAMOUFLAGE VIA IMAGE INTERPRETERS

Ronald Johnson, USAMERDC, Countersurveillance and Topographic.
Division, Fort Belvoir, Virginia

NATO JOINT FIELD TRIAL ON ATR DEFENSE SITE CAMOUFLAGE

Allan T. Sylvester II, USAMERDC, Countersurveillance and
Topographic Division, Fort Belvelr, Virginia
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0830-1020

1020-1050
1050-1220

1220-1320

esNRe  Priday eeee

TECHNICAL SESSINN 7 -- Owen Conference Room (AFIP)
CHAT RMAN
Beatrice 8, Orleans, Naval Ships System Command, Washington, D. C.

A SIMPLE METHOD FOR DETERMINING THE UNRESTRICTED AVERAGE OUTGOING
QUALITY LIMIT (UAOQL) OF A CONTINUOUS SAMPLING PLAN

Richard M. Bruuer; RAM Assessment Division, Product Atsurance
Directorate, U.S8. Arny Ammament Command, Rock Island, Illinois

SEMI MARKOV CHAINS APPLIED TO MARKOV CHAIN FUNCTIONALS PARTIALLY
DEPENDENT ON RANDOM RETROGRADE TIME SHIFIS

David L, Arp, Naval Weapons Center, Chins Lake, California
PROGRESSIVELY CENSORED SAMPLING IN THE LOG-NORMAL DIBTﬂIBU'I'IOH

A, Clifford Cohen, University of Goorgia, Department of
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INVESTIGATIONS OF INTERFACE BETWEEN 5,.56MM BULLETS
AND RIFLING CONFIGURATIONS

DENNIS J. CONWAY ;

MUNITIONS DEVELOPMENT & ENGINEERING DIRECTORATE :
U.S. ARMY PRANKFORD ARSENAL !
PHILADELPHIA, PA :

Abstract. The interface between 5.56mm ball and tracer bullet
designa and various rifling configurations are examined to
determine the effects on ballistic performance and mechanical
integrity as would be experienced under general purpose
machine gun operational modes.
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- Two modes of projectile failure are examined against
light machine-gun system dasign criteria. Based on these
results, optimum rifling configurations are identified for
use in a machine-gun system.

Verification of these optimized rifling designs through
experimentation are discussed.

1. Introduction. Init/al interest in the study of those

: paramétérs eérrecting barrel/bullet interface was generated
! at Frankford Arsenal under the émm tracer program. At that
| time, the 6mm ball and tracer cartridges were the prime

f ammunition candidates for the Squad Automatic Weapon (SAW),
' and consequently great concern was expressed at a high
incidence of tracer projectile failures (break-up) then
being observed during both test barrel and weapon barrel
performance tests.

sl e Bk et i 8 itk a2
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Table 1 categorizes various tracer projectile malfunctions
from four and six-groove, plated and unplated weapon and test
barrels. This chart shows the fregquency of projectile failures
from four-groove plated weapon barrels and to a lesser degree
in four-groove plated test barrels.

As a result of this high incidence of projectile failure,
an analytic stress study was undertaken to examine certain
modes of failure which could explain the type of projectile
break-up being exhibited.
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" 2, Stress Evaluation. Th typical émm tracer failure as
£ observed In recovered prcjectiles was evidenced by a radial
- flaring of the projectile base and longitudinal separation
of the projectile jacket, as if the pyrotechnic column
exploded after muzzle exit.

: The modes of projectile failure examined in the initial
(3 .gtress study were:

[T,

a. The shear deformation or out-of-roundness occurring
in the projectile jacket.

b. The stress field encountered by the projectile
jacket after engraving and during acceleration of the projectile.

E Shortly after the initiation of the stress study, DA
guidance was received eliminating the 6émm concept from
inclusion as a SAW contender, Developmental efforts were
redirected towards the consideration of a 5.,56mm SAW
ammunition contender, which was easily included in the analytic
study. Shown in Table 2 are the pertinent projectile
characteristics for the 5.56mm concepts undexr development.

In selecting an ammunition design as a SAW contender, several
design criteria were applied to the analysis in order to
define the use of the projectile and weapon barrel in a light
machine-gun role. These design criteria are outlined in

Table 3. In addition to these design parameters addressingy ' K
projectile integrity, any interior bore configuration must ' -
4 satisfy other basic performance requirements such as projectile
K accuracy, barrel life under machine-gun firing schedules,
interior ballistics, terminal effectiveness and high rate
manufacture by current methods.

The effect of shear deformation on the projectile integrity 3
was considered by applying thin-ring theory to the projectile
jacket with 'n" distributed forces being applied corresponding
to the number of lands. The results of the analysis indicated ;
that during the engraving process it is desirous that the
pressure under the land be as large as possible for any given
. deflection, The reason for this is that the engraving is
3 ! caused by the jacket material becoming plastic, and the smaller
v 3 " the deflection that is encountered when the material goes
R : plastic, then the less out-of-roundness that will be incurred
% i by the jacket. When considering this result relative to the
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pressures and deflections induced by four and six-groove
barrels, the results clearly indicate that the six=-groove
configuration is clearly superior to the four-groove sven
when comparing a six-groove barrel with minimum land height
to a four-groove with a maximum land height.

The stress field developed on the jacket after engraving
and during acceleration was addressed by considering a
pressure gradient acting from the bottom to the top of the
engraved surface. By relating this pressure distribution
to the depth of engraving, minimum values of engraving depth
were calculated such that the probability of jacket shearing
is reduced. This minimum depth of engraving was shown to
be .0017 in. for the four-groove barrel and .0011 in.for the
six-groove. These minimum engraving depths were applied to
the analysis in determing optimum bore configurations.

When

g p qu ogether
with the pertinent design critcria and projectile dimensions,
it is possible to compute optimum rifling dimensions such that
the types of system failures considered will be minimized.
This was done for the projectiles being developed by relating
the minimum engraving depths required such that jacket shear
does not take place as a function of projectile diameter,
bore diameter, barrel temperature, jacket deformation due to
engraving and land wear. This relationship is shown in
equation 1-1.

(1-1) le = Rp - Rbo (1 + adT ) - W - Uy
where, le = minimum engraving depth required

Rbo = bore radius or land radius

Rp = projectile radius

a = coefficient of thermal expansion

AT = barrel temperature gradient under hot condition

W, = Dbarrel wear

ury " jacket displacement before yielding

By solving equation 1-1 for Rbo, the land diameter suited
to each projectile design can be found. The optimum groove
size was derived such that the smallest projectile diameter
used in the bore will have the same diameter as the groove
at its highest temperature as shown in equation 1-2. This
would correspond to the barrel temperature reached under
sustained firing schedules.
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(1-2) Dg = Dp min where D, = groove diameter
¢ T o G

Dp = minimum projectile
diamster

coefficient of
thermal expansion

AT = barrel tampesrature
gradient

Q

The optimum barrel dimensions calculated using equations
1-1 and 1-2 are shownh in Table 4. Note that configurations
1l and 2 are optimum based on tracer projectiles of differing
diameters while configuration 3 considers an increased land
height for larger barrel wear over configurations 1 and 2.
Standard 5.56mm barrel dimensions are shown as reference.

A numerical exercise was performed utilizing the optimum
rifling dimensions and projectile dimensions to demonstrate
the range of in-bore interferences and clearances possible
under "best" and "worst" design conditions., Table 5 summarizes
the results of this exercise giving a range of interferance/
clearance values for both standard 5.56mm bore configuration and

optimized configurations. To properly compute these interference/

clearance values, the following parameters were considered:

a. minimum and maximum bullet diameters (ball and tracer)
b. minimum and maximum land and groove diameters

¢. 0003 in, diametrical land wear

d. diametrical bore expansion at 1250 F

Table 6 lists the equations used to compute the ranges
of interference/clearance and minimum land height values.
In comparing the standard barrel designs with the optimized
cases, it is important to view these results in a strictly
statistical sense in that projectile deformation into the
barrel grooves was not considered. However, despite the
rather static condition under which these numbers were
generated, a major difference among designs can be noted.
In all cases, the optimized designs exhibit a greater
projectile/barrel interference, or lesser projectile/barrel
clearance than the standard barrel dimensions. This important
difference is the direct result of attempting to accommodate
differing ball and tracer projectile diameters while insuring
satisfactory system performance over a temperature range from
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ambient to 1250°F. These design parameters are further
aggravated by considering land wear.

Comparing the interferences and clearances shown in
Table 5 with the minimum required land engagement of .00l1
in. for six-groove configurations shows possible problem
areas. Despite the fact that the minimum land heights under
worst conditions exceed this .00ll in. requirement, it is ‘
not necessarily true that proper engraving will occur. This !
situation occurs in the 5.56mm standard six-groove design,

: for both ball and tsacer comparisons. Although the minimum

land height at 1250°F is adequate for the required .0011 in.
engraving, this engraving cannot occur if the projectile/
land interferences run as low as .0005 in., as it does for
the tracer. This minimal interference could lead to a
serious skidding problem.

Experimental Evaluation. The accuracy of the analysis,

as well as the suita ity of any barrel design to field use,

can only be verified through extensive testing. Toward

this end, a quantity of barrels of various configurations _ 3
has been procured for evaluation of system performance _ "3
levels. Table 7 is a matrix showing the quantity and types ;
of barrels which will be the core of an exhaustive barrel

performance program. These barrels will be tested along

with approximately 45,000 rounds of 5.56mm ball and tracer

ammunition against current SAW performance requirements

so that sufficient statistical significance is obtained,

pointing to a singular rifling configuration.

s m—

Plans for testing currently envision adhering to current
acceptance standards for 5.56mm and 7.62mm ammunition and

will mirror sample sizes of barrels and ammunition contained
therein.
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TABLE 7
5.56MM (SAW) AMMUNITION/WEAPON INTERFACE
BARREL MATRIX
ACCURACY | PRESSURE WEAPON* WEAPON*
(CHROMED) (UNCHROME;
QUANTITY ;
STANDARD 5.56MM
RIFLING 2 2 3 2
6-GROOVE BORE
1 IN 12 TWIST 2 ) 3 )
UNDERSIZED TRACER
(CONFIG. 1)
6=-GROOVE BORE
1 IN 11 TWIST 2 2 3 2
UNDERSIZED TRACER
(CONFIG. 1)
6-GROOVE BORE
1 IN 12 TWIST 5 5 3 2
BALL SIZE TRACER
(CONFIG. 2)
6-GROOVE BORE
1 IN 11 TWIST 2 2 3 2
BALL SIZE TRACER
(CONFIG, 2)
6-GROOVE BORE
1 IN 11 TWIST
INCREASED LAND HEIGHT 2 2 3 2
FOR ECCENTRICITY
(CONFIG. 3)
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DESIGN OF EXPERIMENTS DEALING WITH MAN-MACHINE INTERFACE
IN CURRENT COMMUNICATIONS SYSTEMS

R. J. D'Accardi and H. S. Bennett, U.S. Electronics Command,
Fort Monmouth, New Jersey

J. R. Hennessy, U.S5. Army MERDC, For¢ Belvoir, Virginia

ABSTRACT. Recently, the US Army Electronics Command has supported experiments
deaTing with man-machine interface problems occurring in Tactical Communications
Systems. The aim was to cheracterize communications system operators' per-
formance under varfous environmenta) conditfons related to tactical operations.
The study was directed towards system equipment such as the standard teletype
and optical-read-only terminal equipments. Using these devices, the signifi-
cance of acoustic noise and ambient 1ight on operator performance was studied
under sixteen combinations of environmental conditions.

The object of this presentation is threefold. First, we discuss the methods
of evaluating message transfer over man-machine interfaces to include audio
and visual. Second, we discuss the design of the experiment and modeling to
determine the operator characteristics under different environmental conditions,
and third, we present statistical estimates of: (a) the effects of the
controlled varfables (ambient 1ight and acoustic noise) upon the transcription
accuracy of several operators, (b) measures of experimental error to define

a range of values, for a prescribed level of confidence, within which the

true value of the estimates may be found, and (c) the most significant
combinations of environmental effects on operator performance. Several multi-
variate regression models which characterize operator performance are
presented and the criteria for chcasing the best model are discussed.

INTgogyCTION. Information gained in evaluating and solving man-machine
nterface problems that occur in complex communications systems is extremely
important to systems engineers committed to the mission of the design and

; fabrication of future generations of equipment. Sophisticated systems of
Command and Control, computer-aided man-in-the-loop systems (e.g., manned

§ space craft), human response to audio and visual displays, management functions,
3 i pattern recognition, man-computer languages, cutaneous communication and many
,; . other facets are of concern where an operator must perform a control task, or
f decisfon task. At present there {is a large volume of on-going work oriented
towards man-machine interfaces which span the projected needs of the Armed
Forces. For example, work in progress by the Naval Electronics Systems
Command, 6570th Aerospace Medical Research Laboratory, DA ARl for the
Behavioral Sciences, ECOM and HEL (to name a few) generally deal with evalu-

. ation of complex system interfaces, assessment of operator performance
capabilities for a wide variety of tasks, analysis of manual functions into
tasks, analysis of human control functions, and the physical and psychological
characteristics which affect the assessment of operator performance capa-
bilities. Much of the on-going work concerns the psychological and
physiological aspects of command and control in tactical operations, weapons
systems, vehicles management, logistics, and communications. Some of the more
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specific areas of investigation are:
1. MWork/rest schedules and effects on man-machine performance.

i 2. Utflization of Bio-electric phenomena to automatically control
complex systems.

3. lieasures of operator performance under different mixes of equipment,
personnel and procedures.

4. Physiological aspects (fatigue, alertness, metabolism, endocrine
gland functions, and central nervous system) of operator efficiency
aud man-machine interface.

5. System simulation to study the impact of operator performance on
complex systems as a function of environmental threat, mission, and
work load stress.

6. Army Tactical Flight operations under adverse visibility conditions. "
7. Influence of USAF operational environments on air crew utilization.

Examination of ongoing research in these areas indicate that there is
no clear cut procedure to evaluate the human subsystem in a sophisticated
communications system or the effects of environmental stress on operator
performance. Army communications requirements in a tactical situation often
require 24 hour operations and personnel are required to work either on
standard or unpatterned and frequently extended duty schedules, in a variety
of environments, each characterized by multiple stresses occurring in a
random manner. For example, the accuracy in reading an optical display is
dependent on many variables such as number of 1ines, characters, ambient
11ghting, environmental noise, speed of display, correction time, back-log,
operator physiology (e.g., mood, fatigue, attention, and training), display
brightness and size, and effective signal-to-noise ratio (legibility) to
Name a few. Since future Army requirements include optical display terminals,
it is essential to provide insight into those variables that affect accuracy
through the man-machine interface and the effects caused by physiological
factors. To answer the Army's need for measures of man-machine interfaces

o which occur in communications systems and to enhance the design of future
; families of equipment, this report will address teletype operator per-
3 i formance as the environmental factors of ambient 1ight and acoustic noise
; i are varied. The design of the experiment performed at Ft. Monmouth, New
i ' Jersey during April and May 1975 and results are discussed. Experimental
results and several models are presented which show the significance of
these variables on experienced teletype operators.
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DESIGN OF THE EXPERIMENT. The significance of acoustic noise and ambient

ght on operator performance was investigated using a visual display ;
transmission device, see figure 1. This is a visual terminal designed to . k]
interface with computers or store-and-forward devices. Primarily, it is )
& developmental equipment intended to visually present messa?es on a CRT i
display where an operator can see and correct his message prior to transmission. i

The advantages of this equipment over the standard military teletypewriter 3
were not addressed in this experiment. i

The experiment consisted of testing the transcription accuracy of six
experienced commun{cations-center operators under 16 combinations of
environmental concuitions. Ambient 1ight was varied at four levels, ranging :
from 24 ft-candles to 3 ft-candles, and acoustic noise was concurrently 3
varied at four levels ranging from 55 dBa to 95 dBa. :Qund pressure level S
(SPL) measured in dBa is in reference to .0002 dynes/cm*. This is con- _ 3
sidered the threshhold of hearing and is roughly equivalent to a leaf
"falling" on a quiet day. The 55dBa level was considered the quiet
condition where only the inherent noise from the terminal equipment, sound !
room noise, and thermal noise were recorded. The 95484 level represented L
an extremely annoying and distracting "pink" noise. The noise-power per :
unit frequency for this type of noise is inversely proportioned to frequency 1
over a specified range and slopes down at 3dB per octave from 20Hz to 20KHz.
These chxiracteristics are more common to conference type noise where the
higher and lower frequency components characterize motor and equipment
noises. Pink noise was also used because it has relatively constant energy :
per octave-bandwidth. The 24 ft-candle 1ight level compared favorably to the :
Army Corps 'of Engineers standard for office 1ighting. The other chosen levels |
of 12, 6 and 3 ft-candles, respectively, represented successively deterioratin?

ambient 1ight conditions. Throughout the testing, the brightness of the visua
display was constant.
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For each test the operator was required to type his name, treatment
combination, and date as part of the message, see figure 2. The messages for
the experiment consisted of forty random-ietter word groups of five
characters each. They were derived through a random number generator and an
alphanumeric conversion. No message was a duplicate nor were they duplicated
by any of the operators on either terminal equipment. The random letter
format was used so that the operator could not identify or recognize message
. 4 words and therefore would have to concentrate on the given formats to avoid
E " making transcription errors. The aim of the experiment was to vary the
-k
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environmental variables and to observe the accuracy and speed of transcribing
the random letter formats as a function of these variables. The response

* variable, accuracy, was the measure of transcription errors that each operator
@ * committed per message format. The errors considered were the following:

1 : 1. transposition

2. missing letter

e 82 2.l B, it i e

3. extra letter
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4. 1incorrect space
5. extra 1ine feed
6. missing word groups

7. wrong letter

8. 1ine out of sequence (skipped l1ine inserted after detection)
9. word group out of seguence

The results were compared to an acceptable operator norm, 1.e., typing a
message format on a standard teletype terminal (see figure 3) under
the same conditions. Each operator was tested in four sessions, each session
programmed for eight random environmental combinations, four for each
terminal equipment, where tests were alternated between the optical display
and the standard teletypewriter. This was done to reduce the effects of learning.
A thirty minute familiarization period was given each operator prior to the
tests, and a standard instruction sheet was distributed during this period
to insure uniform orientation with the equipment and with the purpose and
procedura of the experiment.

T RO el b, dale i €l A LS S

- L The effect of any environmental combination is considered to be the sum ;
3 of three effects, namely, those of sound, 1ight, and the interaction of i
" 1ight and sound. To adequately analyze these effects, a two-level factorial !
E experiment was formulated with six replications. The four levels of acoustic
noise are combined with the four levels of ambient 1ight giving 4 x 4 or sixteen
treatment combinations. For a two-factor factorial experiment with n
observations per cell, run as a completely randomized design, [1] , [2] . a
general model is:

Yig = u+ Ay + By + ABy + ey(y4)

where Y 1s the response variable, i.e., the number of transcribed errors, and

A and B are the main effects of 1ight and sound, AB is their Interaction, € is
the experimental error, (i.e., the extent to which the observed data and the
genera‘ model disagree) and their respective levels are i = 1,2,3,4; § = 1.2.3,4,
with k = 1,2--.-6 observations per cell. The interaction term adjusts for the
failure of either one of the main effects to remain constant for each level

of the other. The test runs were randomized as shown in table I. This was

done to minimize the effects of training.
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TABLE 1
' TREATMENT SCHEDULE PER OPERATOR ;
g F
E Environmental Treatment ;
E ;ﬁjnmions :
E | Optical Teletype *
F . Session Run Display Terminal Terminal
3 I 1 1,4 3,1 :
- 2 4,3 4,4
3 3,2 2,2
*': 11 5 3.1 4,1
; 6 4,4 1,2 ‘
. 7 2.2 3.4 N
E‘ 8 ],3 2,3 :
f 1§31 9 4,] 2,4 ;
: . 10 1,2 3,3 ‘
n 3,4 1,1
g 12 2,3 4,2
£ Iv 13 2,4 1,4
.. 14 3,3 4,3
15 1,1 3,2
16 4,2 2,1
(Treatment = (Ambient Light Level, Acoustic Noise Level) '
Ambient Light Acoustic Noise
evel value Level Value ;
1 24 ft-candles T B8 dBa 3
2 12 ft-candles 2 70 dBa 3
3 6 ft-candles 3 80 dBa 3
4 3 ft-candles 4 95 dBa -




i
.
B
PR, Ty
L o
=, SRR

3 ANALYSIS: The following ANOVA tables and statistical estimates were formu- é
ated to analyze the transcribed errors for the standard teletype terminal and -
for the optical display termina) (tables I1I, III, IV and V):
1 TABLE 11 |
3 ANOVA FOR STANDARD TELETYPE TERMINAL é :
Degrees of i3
Source Sum or Squares Freedom Mean Square Error _"F" ratio ;
1 Anbient Light, Aq 55.94 3 18.65 0.33 73
i Acoustic Noise, B 99.70 3 33.23 0.5 § ]
3 Interaction, A8 109.93 9 12.21 0.22 | 4
3 1 :".
] Error, £ 44 4494.67 80 56.18 S— ?i 5
E TOTAL 4760.24 95 '
: TABLE 111 i
: ANOVA FOR THE OPTICAL DISPLAY TERMINAL L
; Degrees of 3
4 Source Sum of Squares _Freedom ~ Mean Square Error 'F" ratfo ¢ . 4
i Ambient Light 65.28 3 21.76 0.32 3
1 Acoustic Noise 276.03 3 92.01 R T
4 Interaction 55.18 9 6.13 Jo
Error 5437.50 80 67.97 é ;
T3
TOTAL 5840.12 95 § 9
%ﬁ
.
LU
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TABLE IV

STATISTICAL ESTIMATES OF TRANSCRIBED ERRORS ' ;;
FOR THE TELETYPE TERMINAL _ ;

Ambient ‘Acoustic Noise Level - For AT1 :
Light Level Statistic | 55dBa 70 dBa 80 dBa 95 dBa Sound Levels
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{1 - ~ TABLE V 54
i ; : STATISTICAL ESTIMATES OF TRANSCRIBED ERRORS FOR THE ¢ 3
: VISUAL DISPLAY TERMINAL I
B : AmbTent AR Acoustic NoTse Level For AT T o
E Light Level Statistic 55 dBa 70 dBa 80 dBa 95 dBa Sound Levels .
. 24 ft-candles v 3.4 580 620 9.2 6.15 . .

9 - . . R {
1 E 12 ft-candles Y 6.8 5.0 7.0 8.80 6.9 ‘
3 - S, 3.7 A7 2.5 6,35 . 3.99 B 1
3 , sg 1.69 1.2 1,10 2,84 0.89 ]
; % - ;. (J.i
k6 ft-candles v 5.0 5.2 6.2 5.8 5.46 . o
1 S. 3.16 2.39 3.96 4.16 3.28 ! 3
* : 5; 1.41 .07, . 1.86 0.73 !
_‘f : '
1 . 3 ft-candles Y §.0 5.2 5.4 8.2 6.2 5
3 ; Sy 3,67 3.42, 5,5 4N 4,23 g
X :‘;‘ SY 1 6.64 1 . 53‘ 2046 2-1] 'Ju 94 \’:‘*

.» :) 3

' | , Overall b

: L For A1l Light ' 5.3 5.35  6.20  7.50 6.19 :
3 E o Lavels Sy 3.34 318 4.0 4.87 4.00

' ! _ Sy 0.75 0.7 0.92 1,09 0.45

Although one might expect that acoustic noise and ambient 1ight woi'ld
strongly affect the production of transcription errors, no conclusive

i statistical significance as to environmental effects can be adjudyed

g from the data. Exami:-=tion of the MSE, however, shows that acoustic noise ]

§ has a stronger effect un error production than either the Ambient Light or ‘
y " the interaction of the two (see tables II and IIl). Table IV and V show, ¥
v v for all 1ight levels, the average transcription error produ. .ion 4
A : increased by about 60%. For all sound levels, the transcription
. § error did not vary significantly. : '
A A The operators chosen were all of the same minimum proficiency, each

able to transcribe messages at 60 w.p.m., with the exception of one
trainee. Thus, examining the variation of transcr’ation errors fur the
visual display terminal at 70 dBa (see table V) for light levels below
?4-ft candles, the mean Y and standard deviation, Sy. decrease from the
55 dBa values, then increase as noise is increased “to 95 dBa.

> g

s

23




: Interviews with the subjects seem to indicate that 70 dBa i1s the approxi-
mate level of noise to which they are accustomed, and therefore they were
less distracted by environmental c*>nges in ambient 1ight at this sound
level. The findings indicate that for the visual display terminal under
quiet conditions (1.e., at 55 dBa, the noise below standard comcenter
operational levels) at lower levels of Ambient Light, more errors were
made than at normal operating (70dBa) level. The effect of noise at the
higher levels (80 and 95 dBa) indicates the variability and adaptability
of the operators to acoustic and photic noise. It was also noted (as was :
expected with the visual display terminal) that changing 11ght levels had
the least effect on operator performance.

SRR T et S

Udabinaedandind o oL c AL ANELALS

Six multiple linear and non-linear regression models were fitted to !
the data, by the least squares method, to characterize operator performance.
The models were of the form:

e At b it i

(M v

Bo + B1X1 + RaX2 + gy,

-<
"

(2)

Bo + ByX; + BaXz + B XaXa + gy,

;,
r
:
E
3
.

(3) v

Bo + B, X, + B, X, + B X2 + BX2 + ByXyX, + €,

(4) Y

Bo + B,X, *+ ByXp + B X3 4 82 4+ 8K + B+ BX,X,

+ BaXiX, + ByX, X} t €y,

J

1

() Y Xt + e

0<j+k«3

bX 81X §

(6) v

]
b o e bt B

Bo + ByInX; + ByXz + B’lnzx * BXE + BgXaInX, *+ e,
1

Where Y {s the observed operator response, X, and X, are independent
variables corresponding to ambient 1ight and acoustic noise respectively.
The estimated values of the coefficients, standard errors of the estimates,
and coefficients of determination are summarized in the following tabie:

S B AL AL s Ak L A

b




TABLE VI K

: Least Squares Estimates Using Coded and Uncoded Data for the

E Optical Display Terminal

? Fodel

; Estimate 1 2 3 4 5 6

: : ncod ncoded

é B 7.078 7.078  6.785 6.684  21.049  13.715

% i 61 0.100 .00 0.190 1.752  -3.495  -8.045

E_ % a. 00680 ‘680 00680 00555 -00362 '0-250 N g
- ; i
1 R .321  -0.099 0.449  0.084  24.986 b
z 8 :
! i
§ B, 0.225 0.110  0.002 0.002

g B, 0.320 0.225  0.004  -0.636 :
g B, -0.543

E 8 0.232 :
: B, -0.076 i
: n

-
Rt

§8o .307 .260  0.537  0.509  9.353 '9.024

s8, .224 190  0.260 1.279  3.246  14.836
A 210 179 0.171  0.743 0.229 0.245 3
sBs .30 0.204 0.5 0.627  24.845 :
. SBs 0.133  0.166  0.001 0.001
S Bs 0.125  0.124  0.023 1.000
0.481
0.131
0.091
0.181

ot arnlodd

0.996 0.930 1.114 1.221
0.721 0.854 0.651 0.481
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Clearly, the higher order model (4) fits the data best on the basis
:x minimum residual variance, $2 . , and maximum coefficient of determination,

"W

Y-

This provides the model:

+ 0,110k + 0,225} - 0.543%,

|
¥ =6.785 ¢ 1.752x, + 0.655Xs + 0.449x2. !
! :
|

+ 0.232X;X; - 0.076X2X, - 0.108X,X}

Testing for fit, the sum squared error due to regression and the respective
; degrees of freedom for the variation of Y; from the curve are 3.378 and

i {9,6} respectively. If the model is corract. the residual mean square has
the expected value of o;. Using §* , =0 « 0.5187 = Mse » the "F¥ ratio is:

y-y) €

FeMSc =3.378 =3.907
WS~ T0.518

i
| €
i

AR " RS i Ak 2L dei ettt AL IS A B i il g AR It ik il Rt it L R - L ik

and 18 not significant since 3.907 € 5.520. Thus, on the basis of minimum
s? » maximum R? _and this test, we have no reason to doubt the adequacy

(y- Yy
of fgis particular model. This technique is presented to show the feasibility
of using multiple least squares regression for this type of man-machine
; interface problem. A more sophisticated approach is planned at a later time
; when more data is obtained.

1 et oo tnins Sy s SRR ] T 5 bl e B BN 12 e it S
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Conclusions: Several adverse aspects of the terminal equipment were
discovered which may affect error production. The angle of the keyboard i
(see figures 4 and 5) of the visual display terminal was apparently not §
conducive to optimum performance. The teletypewriter keyboard was
unanimously considered more comfortable. Also, the detent pressure of

the individual keys and the absence of feedback "thump" seemed to increase
the probability of transcription error with the visual display terminal.

Lot

While the results do not show statistical significance of the environmental
effects, the trends in the statistics (particularly the MSE and overall means,
see tables II, III, IV and V) indicate the possibility that with a larger
’ populatfon of more homogeneous (as to expertise) subjects, statistical
! significance will emerge. That 1s, the variations in human performance will
be greater under abhnormal environmental conditions. If such abnormal
conditions are to be expected under battlefield conditions, then significant

training information could be extracted from such a follow-on experiment.
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Another measure that could attain statistical significance is the mean
transcriptfon error production for the group. Such statistics would
indicate the outer bounds of expectation under battlefield conditions.
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PLANNING FOR THE MEASUREMENT OF FLIGHT TRAJECTORY

J. B, GOSE
J. V. CARRILLO
Quality Assurance Office
US Army White Sands Missile Range
New Mexico

ABSTRACT. This paper describes a procedure used at White Sards
MissITe Range, New co for selecting instruments to measure a test
object's location and body angles. (riteria for selection include
number and location of instruments, types and quality of measurements,
probability of cperation, and data reduction procedures. Optimizations
are made in terms of cost-to-support, probability of success, expected
errcr in data and instrumentation system used., Constraints include
expected trajectory and cbject dimensions, cptical image size and aspect
angle, rate, atmospheric distortion, and for scme applications,
locations of existing facilities.

The procedure employs both thecretically and pragmatically derived
models and utilizes observed error distribution and reliability data.
It has been automated for computation on a UNIVAC 1108 computer.

1, INTRODUCTION. The purpose of this report is to outline the
mathematical and statistical scheme used for the Resource Conservation
Planning (RCP) Model. The RCP is used as a tool for evaluating and
formulating test support plans.! The model developed is formulated
from the multi-gtation solution now in use at WSMR, better known as tho
Davis Solution.? This is a least-squares solution which is identical
to the maximum likelihood estimates of missile position in the particular
cage in which the instrumentation measurements are normally distributed.
In 1965, 1LT Charles A. Hall, PhD, expanded the least-squares formulation
to provide an improved estimate and to minimize the number of observations
required. This concept became known as Minimal Station Participation
(MSPAR). ' The RCP is an extension of this concept. The scheme has been

17, V. Carrillo and R. L. Garcia, A Technique for uting The
Probability of Meet%g a User's Trajectory Requirement, & Tecﬁﬂal
e °. ' , ’ [ ]

2R, C, Davis, Techniques for the Statistical Analysis of Cinetheodolite
Data, (China Lake, mﬂ%ﬁ, 18517, page 1.

3C. A, Hall, Deleting Observations From a Least-Squares Solution,
Proceeding of the Eleven erence on t sign 8
Research Development and Testing, ARD-D Rpt 66-2, (Durham, NC, 1966).
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adapted to cinetheodolites, Telescopes, Radar, and DOVAP for position
and attitude applications. The PCP model uses for input empirically
developed measurement error probability tables from each measurement
system, a proposed flight test trajectary of a specified test object,

and the uncertainty (flight test ruiirements) in the flight test data
that a Range User can tolerate in :fs experiment., The probability tables
are used to compute the probabilit, of a particular data error for a
selected or given geametry confi:u-ation. The final output is in terms
of the probability of meeting a particular Range User requirement. e
Hence, cost-to-support trade-offs can be devel based on the risk

a4 user may want to take in cunmpleting his t. The less risk

the user can accept, the higher the support cost.

Restating the problem as: 'Determine the probability of satisfying
a Range User's requirement for a test object's position and/cr attitude
over a gi\{en interval, such that the results will allow oost trade-of
analyses,' :

The problem statement gives rise to the specific questions of how to

identify the minimum set? How to find the bability of success? and
FAow to solve the problem with a %p\_ﬁer'f ﬁ appmaéﬁ Taken cbviates

need to answer question (as we shall see). The latter two
are the substance of this paper.

2. ESTIMATION OF THE PROBABILITY OF SUCCESS. Error estimates can
be described probabllistically and, of course, reliabilities are
probabilities, Thus, they can be cambined in a probabilistic formulation.
The probabilities involved in the estimation of meeting a requirement for
one point of a trajectory can be expressed in equation form as:

M
P(Rqmt); = J [P(oy? < S, ) x P(Sta Opr)]; (Eq 1)

Probability of meeting the requirement at the ith point

‘0
§
et
~r
[T
n

ce’ = Error in cbserved data

w
n
n

Maximum allowable error from the requirement

32
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P(Sta Opr) = The probability of successful station operation

MeE(D
vhere ¢ £ 2, 3, §; sesy X
A= total number of gites available
probability for the entire trajectory ie the distribution of the

for sucosss at all points from the population of ccourrences
and is found by simply avereging the risk over all points:

Ei’

R = ths rumber of"-u‘joctay points.

mmlymﬂcmpmmtwinﬂqmﬂmlhoe'. aa‘ is found in the
following manner.

The basic regression relationship is
¢ = Be

where,
¢ = Matrix of Observations
B = Jaoobian Matrix
8 = Matrix of Derdved Trajectory Data

3

B(Rqrt) & 283 (R 2

o —— — e

ML ) ) e Bkl

R,




h)
e - B

3

Vg

l Solving for 6

6 = (B'WB)"! B'We (W = Weight Matrix)

oe’ . a¢’(BtWB)"

Lides Hkaai Ric B

'-"aé’ = @%e) for W= [o
a : - 2 g 4 2(RtRY"1 -
2 . g oq_ (B*B)" 1. . | (Eq 3)

This last equation (Eq 3) defines the data error in terms of Gecmetric
Dilution of Precision (GDOP) and measurement error; both of. which are

3 jnown or knowable. For a given geometry, (BtB)f‘ is deterministic
k while o¢‘ is probabilistic. Thus, the probabilistic nature of oy’

.' " is dependent on the probabilistic nature of ¢ ¢’ .

' In actual practice, a requirement, Sx’, is defined as the trace of

] a variance-covariance matrix. We may, therefore, attack the heuristic

k. nature of a¢‘ simply by introducing a scalar "s2',

- 2
82 - (Sx /qﬁz)TR
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1y
A

into Eq 3, which becomes

l’oa' = s'c”(BtB)"

3 ‘nn]mbab:llityofmmtm(s")s_so‘ is the probability that
3 oo' 3 Sx' (sec example Figure 1). These data are available from histories
of performance.

: 1.0

M

<KHHEHK®E>»EO W Y

2

b | g, (SEC OF ARC)

FIGURE, 1
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Equation 1 becomes {

M
P(Rgmt); » [ [P(S, < sg,) x P(Sta Opr)]y (Bq ¥)

The formula for computing the probability that exactly M of N scheduled
operate successfully is: o

P(Su Ow) r (Rj.Rl.'.._RH)(QM"'I.%Z...QN)*'.*(Q; .Qg...QN-M)
Ryap Rrawa Ry (Eq §)

Ware: R, R, ..., Ry are the reliability values for instrument 1, 2,
3. vy Mo Ql’ ng vesy QN are the (1"R1). (I-Rz)’ seeyp (1"%{) values
for aach of the instruments, respectively. Note that thers are

N1

terms to be added in Eq 5.

An example of the computational procedwre for a peint is shown in
Appendix 1. -

3. FITTING TEE MODEL ON THE COMPUTER., A little thought on the

rtat L times ior bquation b will lead one to the realizatinn ttat
the time will approximately double for each additional site added. This
was verified for the program prepared for the UNIVAC 1108 computer: A 5
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station solution taking 2 seconds, 1l s tions taking 1 minuve, ls"l ,
stations taking 14 minutes, etc, Altermatives to minimize this problem
were (1) to e the speed of -each computation or (2) to reduce the
number of candidate sites. The lattar course was pursued.
An initial screening was derived baged on instruments oparating
o8 limitations.

OFTICS - Elevation Angle - Batween 3° and 80°
Image Size - >35 Microns (u) for Position\

>100 Microns (u) for Attitude
RADAR & DOVAP - Elevation Angle - Between 10° and 80°

s e s e SRR it et RIS

Next, each swwviving site is ordered in atcordance with its
contributicn to the error. For each point, an error constant" Dy is

VAL bR AE191 e S b e

calculated frem:- |

3 = 2 o 4 . )
Dy n{ Hiw, for the Jtb site ;
j
4 K is an index of observation (¢)

E Y L is an index of computed values (8) | 4
P L=1,2, 3y eoag B - :

i
i

i ¢

i
r
,
B
d
-

T
2
2
i

! - (atym)-ig by

: : Hy = (37B) Bj"wj

%?; Wj is a weight matrix from o‘¢‘w =1

g 2 2¢ptpy=1 -

) from 0,* = 0, *(B"B) : g
2 1 6 ¢ : 3
1 ¢ 0y = B5WB)™ Py
% "

S ;

l. “c.f“ Ref 1
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Dj‘s then relate to ae’ from 2

A 3

) Dj

0.2 = =1 - 3

+4

where,
|

A = The set of sites used

L = 3 for Position data '
2 for Attitude data :

The Dj 's vary with GDOP, therefore, the largest value at one point may be

smaller than the smallest value at another point. Since all points are
agsumadly of equal importance to a customer, the GDOP effect (Dj's) muet

be mormalized. This is accomplished by the following schame. First, an
average Dj is computed. This average value is divided into each D:j value

for all points. Then, each site's normalized point value is summed over
all points. The sites are then ordered (largest to smallest) based on the
magnitude of the sum. The first three sites (with the largest values)
are then selected for the first estimate of meeting a user's trajectory
requirement. If the probability of meeting the requirement is sufficient,
the computation is terminated. If the probability is insufficient, the -3
site with the next largest value is added to the computation. This
procedure is continued until the desired probability is obtained or all

the sites in the group are used. This procedure has resulted in minimizing
the number of sites required.

In evaluating the procedure, it was found that the sites selected E
produce the maximum P(Rqnt) 95% of the time; and for the remaining 5%, 3
the P(Rgmt) was within 3% of the maximum.
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8., CONCLUSIONS. The models discussed in this paper can be used for
analyzing cost-to-support trade-offs. Cost-to-support is related directly
to the type and amount of instrumentation necessary to meet a particular
user requirement. Thus, the output of the RCP Model provides the information
necessary for risk analysis from a measurement aspect. It is readily apparent
that the more stringent the error requirement or the less risk of data loss
a user can accept, the higher the cost-to-support.

There are limiations to the model. First, since the error and
reliability values used are based on history, changing perfoarmance will
result in erronecus answers; further, since the present reduction process
is modeled in the equations, a change in the procedure will necessitate
revision of the model.
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E NON-RANDOMIZED CLINICAL TRIALS :
E- E. A. Oehan and E. J. Freireich ¢
E » The University of Texas System Cancer Center 5 i?
%: Houston, Texas . " % . ,4
;i ABSTRACT | j
E This paper gives a general discussion of lomq_prineiplea involved in E 5
% ' planning comparative ntudioi, namely, the obaectiveu.h;omparability of '? '3
E. patients, fnuaibility, and ethics. For each principle, circumstuncqu_are i 'g
g v.given for which a non-randomized stady is to te proferred 10 & randomized ? “%
E‘ one. Examples of non-randomized, controlled studies are presented utilizing § %
3 literature conirols, an acute leukemia late intensification study involving ‘
matched controls, and an scute leukemia sequence of three studies., In the : 3
latter example, adjustment for prognostic factors was carried out to enable

the studies to be compared with respect to response rate and survival. _ ]

N i e A ey i e s ok

a1 ]




PO D

e T AT A ot W e e ¢ e

NON-RANDOMIZED CLINICAL TRIALS

E.A. Gehan
and
E.J Freireich

The University of Texas System Cancer Center

1. Introduction

Consider the design of the following Army experiment (hypothetical).
Because of the need for saving money, an officer in the Quartermaster Corps
does a study of shoe sizes for Army recruits. He finds that the distribution
of shoe sizes has several peaks and that it would be possible to save money in
buying shoes by ordering only a small number of sizes., He decides that the
best way to determine which sizes to buy is from a randomized comparative atudy.
His idea is to issue threc sizes of shoes: 8%, 9% and 10 randomly to incoming
recruits and their "response' to a particular shoe will be measured following
a ten mile hike by interviewing and a physician's examination. The ultimate
objective is to choose a single size of shoe for all recruits, What ir wrong
with this experiment? The objective is stated clearly, the designed experiment
could be carried out, treatments would be assigned at random and there wouldn't
be much difficulty in measuring reaction of the recruits to the assigned shoes.
It is obvious that the whole experiment is ridiculous because each individual
has his own shoe size and a choice of shoes should be made accordingly. Random-

ization, in this case, added only a pseudo-scientific aspect to the experiment.
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sizes.’

The outcome could be predicted well and a great deal of suffering would he
caused among the Army recruits selccted for the study - either by randomization
or othorwiso. In clinical research, treatment must often be tailored to the
individual patient sither in terms of dosage or schedule and a randomized com-
ﬁlrativc study is difficult to accomplish when treatment is individualized.
Too'otjgn. randomized comparative clinical trials are analogous to the hypo-
thetical Quartermaster who proposed a randomized comparison of shoes of different
~In caﬁcer clinical trials and in other disease entities, the patient is
in nrlife or death struggle against his disease. His objective ig to win the
battle and he clearly would likg‘to be in the hands of a physician who would give
hin the‘best chance of Qinﬁinx. 'ﬁquld'the best chance be as a patient in a ran-
donj zed cqﬁbargtive stuqy 6;-aQ-an indivt@ual'feceiving care from an outstanding
physician who us;d his best knowlodgb of pitient, disease and treatment to choose
a t:e;;nent.blan? An analogy might be the s;ieqtion of a designer for a car to
win the Indianapolis 500 mile race. Would i’designer be chosen who did s random-
1zed comparative study of every design feature to be added to the car or would
one choose an expcrience& designer with a good record and ﬁsk him to use his best
judgment to design & car to win the race. Not many indigidudls would do random-
ized comparative studies in an attempt to win the Indianﬁpolis 500; why then the
emphasis on randomized comparative studies to win the battle against cancer or
heart disease?

In this paper, a discussion will be given to the general considerations
involved in planning a randomized vs. non-randomized comparative study and some
specific examples of successful non-randomized studies will be given. These
studies involve selection of control patisnts from the literature, from matched
patients and from the previous study in a sequence of clinical studies. Recent
papers stressing the value of non-randomized studies are by Gehan and Freireich

(1974) and Freireich and Gehan (1974).
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2. General Considerations ; .
Four aspects of the comparative clinical trial will be considered. These é

are: (a) objectives; (b) comparability of patients; (c) feasibility; and (d) |

ethics. } 1
(a) Objectives ; 3
Chalmers, Block and Lee (1972) have published a paper on controlled clin- :

ical trials in which the main theme is illustrated by a humorous conversation é r;

betwesn two biostatisticians. First biostatistician, "How's your wife?'. Second o

biostatistician, "Compared to whom?''. The humor of this parable emphasizes two

important and distinctive facts about the man's wife: the first being how does

his wife differ from other wives, a comparative fact; the second, how is his

! . wife in his own judgment, that is, what is his estimation of his wife's capabil-

ities. This fundamental difference is frequently overlooked in the design and

‘Viﬁ coﬁ&uct of a clinical study. It should be emphasized that an important result of Q;

o+ | B thoripoutic investigation is the measurement in a quantitative sense of the

effectiveness of a given treatment. There are situations in which the important

question is not how effective is this treatment, but is this treatment more or

less effective than a standard or some other form of treatment. In general, the

PRRRPIEN s -

latter question is not as significant as the former - for both treatments and
wives.
An essential ingredient of clinical research is a significant objective.

Too often the concept of randomization is equated with the concept of research

70 R T TV IR AR T e ey B

while non-randomization is equated with "non-scientific" or "uncontrolled". One -
cannot replace the intelligent, imaginative, creative work of a clinical scientist
with the routine application of a clinical trial technique. In cancer research,

there are many examplos of non-randomized studies that have led to important alter-
ations in methods of treating patients. Examples are the discovery of mechlore-

thamine in the treatment of Hodgkin's disease, the first antimetabolite methotrexa:

44

§
|
|
i
!
;
!
i




i

TOOAT TETERATE T

YT

in the treatment of patients with acute leukemia, vincristine in acute leukemia,
@nd combination chemotherapy in lymphoma and Hodgkin's disease. These were all
dramatic advances in ‘the treatment of patients with malignant disease and this
knowledge was derived from non-randomized clinical studies. What new and effec-
tive troatments have been discovéred utilizing randomized clinical studies?

(b) Comparability of patients

As A.B. Hil1l (1962) has put it, a sine qua non in the proper conduct of

? controlled clinical trial is having comparable groups of patients. A clinical
%rinl designed to evaluate the relative effectiveness of two or more treatments
}hould be planned so that the only differences among treatment groups are in the

'

?ctual treatment received. This requires comparability of patients as they are
ntered into study, managed when on study, and analyzed when the study is completed.

The entry of patients will be discussed here and one technique for achiev-

e m——go——

(ng comparability of patients is randomization, possibly stratified so that there
ire separate randomizations of patients in prognostic categories, Even the pro-
Eonents of randomization agree that randomization guarantees comparability of
%ltients on tho average and this needs to be checked in every clinical trial. It
?y even be argued that randomization is a guarantee of non-comparability of treat-
Vent groups with respect to some patient characteristics, if enough patient char-
Fteristics are examined. For example, if there were a 5% chance that the random

Ssignment of patients would lead to a significant difference between treatment

roups with respect to a given patient characteristic and the distribution of 20

baracteristics were considered, it would be expected that there would be a sig-
ficant imbualance botween groups with respect to at least one characteristic.
Daniel (1970) has pointed out, '"Randomization is a confession of ignorance.
111 randomization is a confession of full ignorance." In other words, a full
?ndomization should be accomplished only when a clinical investigator is not
:*nizant of any patient characteristics that influence prognosis.
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Another technique for achieving comparability of patients at time of
! entry into study is to select patients for a control group according to certain

characteristics, namely those which are known to influence prognosis, 1f treat-

2T

ment A is the treatment under study and treatment B is a standard or "control"

treatment which is to be compared with A, the control group of B patients could

R ]

be selected from the literature, chosen on a matched basis from previously or

concurrently conducted clinical studies, or selected from the previous study in

a scquence. The primary assumption needed for selecting a control group is that

T

the important patient characteristics related to prognosis are known, so that
there is a firm basis for selecting a comparable group of patients. Further, it

1 : must be assumed that differences which do exist between the groups selected (such

| as time, institution, physician, or the availability of supportive care) have little

TR

. _ or no relation to the outcome of the treatment. In a disease which has been
studied extensively, techniques of regression analysis can be used to determine i f

patient characteristics related to prognosis, See Armitage and Gehan (1974) for

a review of available methods., Some examples will be '"-cussed in section 3.

(¢) Feasibility

In general, the feasibility of a particular study relates to the number

of patients required ..d its duration. For a particular investigator or group

et T
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of clinical investigators, onc can compare the strategy of proceeding from one

e e o LA

fairly large study to the next, each based on a single treatment vs. the strategy

Sl

of randomizing between two treatments in each study. Suppose the investigators

in both circumstances has exactly the same requirements concerning the number of

treatment is N and the group of investigators accrues this number of patients in

il A AR e Bt

E patients to be studied on each treatment. Suppose the number required for each

one year. Assuming that no follow-up period is required for ohserving the effect
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of treatment, the strategy of proceeding sequentially from one study to the

next means that one year will be required for each study. The investigator who

always randomizes between two treatments requires two years to complete each

‘‘‘‘‘

1 study. [t is true that at the end of two yesrs, an investigator following either i ﬂ9§
3 sequentinl's:udies'will have an opportunity to choose a second treatment based %

_ 3
strategy will have evaluated two treatments, however the investigator who does 5
| !

|

]

i

i

upon the results of the first. Further, some investigators adopt the practice

] of always carrying along the best treatmeﬁt from a previous study in the current
; study; this results in evaluating three treatments every.four years compared
with four treatments for the investigator who procceds seduéﬁtially. The latter :
%; investigator will have had the opportunity to build upon'knowledio gained from ?
previous studies to choose three treatments, while the investigator preferring ' }" k.
simultaneous comparisons will have chosen only one new treatment based upon the
¥ ! results of a previous study. | ' L
X ] Suppose an investigator is doing a simultaneous comparison of treatments
1 A and B in which a fixed number of patients is to receive each treatment so that

4 .
Ere

the difference in response rates can be detected at a given significance level and

2 LR

power of test. These specifications lead to n patients being required on each R

3 E

treatment and tables of n are readily available in textbooks (Cochran and Cox,

1957) (Holland and Frei, 1973). An experimenter who does studies in sequence of 1

} é one treatment might be prepared to assime that the response rate to the control f
; % treatment (B) is so well known that it may be taken as a fixed quantity, say p, ;E
3 E and no patients need receive B in the trial., To carry out a statistical test of ; .“ﬁ
i the difference between the proportion of patients responding to A and B at the | 'E
i same significance level and power assumed above, only n/2 patients are needed on : %

3 % treatment A, which is only 1/4 thetotal number of patients required for the ran-

domized comparative trial. When the cost of supporting clinical studies is often {
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in excess of 31.006.009 per year, a savings of patients and durut;éniof study
has a gubstagtisl dollar equivalent. Even when the response raste to the con-
trol tfontmonﬁ is not known procis;ly. it xsy still be reasonable to~pro§eod o
as if it is known. For example; in the treatment of patients with advanced lung
caﬁcer. the expected percentage of pationt; responding to standard treatment is
very low (less than 20%) and sutvival is poor. In thi; circumgtance, it would
be sensible to test a proposed therapy against a specified percentage, say 208,
The objective wpuld be to find a new treatment that has a response percentage
significantly higher than ZOl.I

(d) Bthics=. .

All clinical investigators seek results wﬁich demonstrate that the overall
prognosis for patients is getting better. Clinical trials in which patients do
less well than they have in tho past are to be avoided at all gosfs and to be con-
cluded as clrly'is possible., A comparative clinical trial should nbt'bo started
unless there is some preliminary evidence suggesting that the new therapy is at
least as good and possibly better than the standard. If this is accepted, the
question can-bo raised whether it is ethical fo enter patients on the standard
therapy when there is little or no chance that the standard could be better than
the new therapy. That is, the objective should be to study the new therapy until

it can be concluded whether the new thérnpy is significantly more effective than

the standard or not. Study of the new therapy could be stopped when the probability

of its being more effective than the standard becomes very low.

The clinical investigator conducting studies in sequence of treatments is
always giving what he considers to be the best treatment to his patients. Re-
cruitment of patients to a clinic to receive this treatment is lﬁch easier than
for the investigator who proceeds by simultaneous comwparisons. The former inves-
tigator can promise all patients, even those who come from long distances, that

they will receive what the investigator thinks is the current best teatment. The

48
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latter type of investigator can pronise only that the choice of treltment will be
deternined essentially by flipping s cotn ind that the trontlontl in tho clinical
trial are reasonably good ones. )

Neier (1975) has stated the ethical problol as !bllows. "Tho viow is
often oxprosxod that each patient nu:t be affordod ‘the pre:unod bcnoflt of any
cstinatnd advantugo of one treitment over. onother. regardless of hou slight or .

uncortain that advantage. may be, 1 1nsist that this view does not ro!loct -y

“attitude sbout myself as a patient, nor does it roflcct the attitude of most of

~ us, Make no mistake ahout it, this position is incompatible with any oxperinontiﬁg

whatever, controlled or casual. It does not.flvor_judlcious axperimentind with a
new technique or d}uj_on caiefullgiselbétod,plticnti. That, after all, can be done
in [} controlled study. Rather, it forbidé any experimenting at all." The othical
dilemma disoppears 1f one procecds noquontinlly in ovnlultinz traltnents - the
presumed best treatucnt 1s always being given. However, what Meler and many othgr
statisticinns do not accopt is that conducting studies 1n soqpence dnn rosolvo ’
the scientific problem of properly evaluating the relative etfbctivenops of treat-

ments, This will be demonstrated by some examples from cancer clinical trials.

3. Examples of Non-Randomized Clinical Trials

In this section, some examples of non-randomized clinical trials are given
in which patients in the control group were selected to be comparable to those
receiving a study treatment. Patients in the control group were selected based
upon their prognostic characteristics and the ussﬁnption was made in all studies
that the patient characteristics chosen accounted for the major proportion of the
patient-to-patient variability in response. Literature controls, matched controls,
and patients from a sequonce of studies will be considered in relation to the eval-

uation of study trcatmonts,

49
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(a) Literature Controls
In all circumstances in which the same or similar treatments have been _ f
used by others in a clinical investigation, it is desirable to use these patients '
- as.controls, even when there is also an internal group of control patients in';ha

trial. Unfortunately, if is usually true that authors do not provide sufficient - i

the literature are comparable to those in a given clinical trial. It certainly
, ..

would be helpful 1f'authors ﬁnd those engaged in large cooperative group studies

data in their papers so that it can be checked whether the patients reported in ;
- could make available basic data on punch cards or computer tape so that others 4

. might use the data for literature controls.

An example of a literature control group is given in the study reported

by Luco;éé al (1?71) in which combined cyclophosphamide, vincristine (Oncovin),

" and pfedni;one thefapy (COP) for malignant lymphoma was compared to single agent i
treatment with cyclophdSphaﬁi&e or a vinca alkaloid (vinblastine for Hodgkin's { :;
disease and 91ncrist1ne for lymphosAQcomn) as reported by Carbone, Spurr, et al ;
= ' (1968). All patients in both studies had stage III or IV disease. However, patients

" who had Feceived major prior chemotherapy or those with moderately impaized bone

marrow reserve were excluded from the Carbone study, Thus, in terms of prior

treatment and bone marrow reserve - two important prognostic factors - patients who ;

had received little or no prior treatment in the Luce study were comparable to those

] in the Carbone study, The age and sex distributions were similar in the studies.

: i Hence, when adjustment was made for prior therapy, it could be concluded that

; patients in the Carbone study were comparable to those in the Luce study. The

5:‘ ( complete remission rate following COP treatment was 36-50% in malignant lymphoma '

compared with 6-20% for the single agent treatment reported by Carbone. In addition,

other series of patients receiving either single agents or COP treatment by a

50




slightly different schedule had similar results. Because both single agents and
| COP had response rates that were consistent from one study to the next and the
evidence that COP was significantly superior, it seemed safe to conclude that COP
was suparior to single agent treatment in the induéfion of complete remissions.

Another example is that given by Sutow et al (l970j in which the survival

i experience of patients with Wilm's tumor or neuroblastoma, first treated in 1962,
was compared to that of putients first treated in 1956. A total of 35 institutions
participated in the study and, for patients with Wilm's tumor, it was demonstrated

that the age distribution, percentage of children with metastases, and intensity

. -~
bk o sk mitbiabliind it

of surgical and radiation therapy were comparable between the two time periods,

However, 94% of patients received drug therapy (mainly actinomyein-D, vincristine, §'
and cyclophosphamide) in 1962 compared with 28% in 1956. A significant improval |
in survival was demonstrated for patients of all ages without meatstases and for
patients two ycars or older with metastases. The authors concluded that the in-

creased clinical use of chemotherapeutic agents resulted in the significant improve-
ment in the survival curves. For patients with neuroblastoma, though there was

a slight difference in the survival experience for both non-metastatic and meta-

1 static patients favoring those first treated in 1962, the difference was not near

statistical significance and it was concluded that the increased use of chemo-

o oot K - A et L i R . AR et Bl L s

therapeutic agents did not result in a significant improvement in survival time.

A literature control group is uscful when patients can be checked for

comparability and, in some circumstances, when it can be demonstrated that patients

in the literature have morc favorable prognostic indicators. Authors should be

-

4 encouraged to have details of their data available to others for comparison purposes.

(b) Matched Controls
In a matched control study in which patients are to he selected from a

group of patients treated in the past, all new patients would receive the treatment
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to be evaluated, say treatment A, A pairmate for each patient receiving A would
be chosen at random from among the possible pairmates in the group of historical
control patients who received treatment B, The applicability of this approach
depends upon having a sufficiently large group of patients for potential pairmates,
Patients obtained by this process who receive treatment A would be as comparable
as possible to those on treatment B with respect to the pntieht characteristics
used as a basis for the pairing. If sufficient patients are available, it may be
desirable to select two-control patients for each treated patient, making a com-
parison between control patients to test the selection process.

An example of this type of study is given by Bodey et al (1976) who com-
pared the length of complete remission for patients with acute leukemia between
two groups: a study group receiving late intensification chemotherapy and immuno-
therapy a median of 89 weeks (range of 58 tu 194 weeks) after achievement of com-
plete remission vs. a matched control group of patients who received maintenance
therapy at monthly intervals, generally the same therapy that induced the remis-
sion. The objective of the late intensification study was to cure the patient by
administering an intense program of therapy with new agents when the leukemia cell
population was at a minimum., Patients were matched by age group, cell type, and
length of remission prior to the start of late intensification therapy. There
were 17 patients in the matched control group and 19 in the group receiving late
intensification therapy (matched controls could not be found for two patients).
The median duration of complete remission subsequent to late intensification ther-
apy has not yet been reached but will be in excess of 98 weeks, only 5 patients
relapsing of 19. The median length of subsequent remission in the matched control

group was 24 weeks and there is a highly significant statistical difference be-

tween the two remission curves (P<.01), Comparing survival times hetween groups,

-
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16 of the 19 patients receiving late intensification treatment are still alive

ey
uiil

E and their median follow-up time is 97 weeks. The median survival time for patients % %
E £ in the matched control group is 56 weeks and the difference between curves was § %
E l? highly statistically significant (P<.01). Thus, this study has demonstrated the % g
E % importance of a new concept in the treatment of patients with acute leukemia thet z ?
E g may have resulted in a cure of some patients. § %
E % Another study by Bodey et al (1971) in patients with acute léukemia demon- é
% % strated that patients in a protected environment (PE) receiving prophylactic anti- % f
5 é biotics and chemotherapy had significantly better length cf complete remission é
; % (median of 55 weeks for PE, 26 weeks for controls), length of survival (median of ;
; ; 34 weeks for PE, 23 weeks for controls), and percentage of days spent with infec- V%.
E § tion as related to neutrophil count than a matched control group of patients %
: ? treated outside a protected environment. é
(¢) Controls Sclected from a Sequence of Studies: =§

ﬁ There are many cooperative groups engaged in cancer research in the USA :

who proceed from one study to the ne#t. Generally, there is little change over
g : short intervals of time in institution, type of patient, criteria for diagnosis

and response, and availahility of supportive therapy. In this circumstance, it

: - is sensible to compare results from a-previous study with those of a current one.
? Using patients from a previous study as controls might be misle~ding if a rela-

| tively long time interval had elapsed between studies (say greater than 3 years)
or if it could bc demonstrated that important changes had taken place with respect
to clinical investigators, type of patient, criteria for evaluation, etc. There
are about 25 cooperative groups in the United States supported by the National
Cancer Institute that proceed directly from one study to the next, have a stable
group of clinical investigators, see the same types of patients from year to year,

have the same access to supportive therapy measures and generally use the same

53
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criteria of response in successive studies. Using patients from a previous study
as controls would often be fcasible for such cooperative groups.

xamples from studies conducted by the Southwest Oncology Group demonstrate
that the same treatment administered in successive studies may be expected to lead
to the sume general result. In consecutive studies of previously untreated pedia-

tric patients with acute leukemia, the complete bone marrow remission rates for

patients treated with vincristine plus prednisone were 83% (72/87) in the AlinC 16

study and 86% (237/276) in the ALinC #7 study (Lonsdale et al, 1975). In consecu-
tive studies of patients with Hodgkin's disease, the complete remission rate fol-
lowing MOPP treatment has remained very close to 80% for previously untreated

patients with stage III or IV disease.

O L G WV RReIr oW | Y £ PR LR N !

When consecutive studies of different treatments have been conducted, re-

I

gression models can be utilized to.test whether there are significant treatment

o

differences, adjusting for values of the brognostic characteristics in the succes-

sive studies. If response is the end point for analysis, stepwise logistic re-
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gression procedures can be carried out to interpret the data (Cox(1970), Lee (1974))
If survival or length of response is the end point, Cox's regression model (Cox (197 ﬂ

may be used. An example will be given from successive studies conducted in the

gl
TTTTA

Southwest Oncology Group.

FTPARTT. SR

Ovar the past several years, the Southwest Oncology Group (SWOG) has con-

ducted the following clinical studies in patients with adult acute leukermia: COAP

vs. UAP vs. DOAP (from 2/71 to 10/72); a 10-day OAP study (from 6/73 to 1/75);
and a CIAL study (from 1/75 to present). The designations of the drugs are as
follows: C=Cyclophosphamide, O=Vincristine (Oncovin), AsCytosine Arabinoside, and
P=Prednisone. The CIAL study in the remission induction phase consisted of givir

vineristine plus prednisone to all patients with less than 30,000 blasts in the

I Sy T A T s N L
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peripheral blood. For patients with 30,000 or more blasts, parients were random-
s ized between sequential vs. simultancous adriamycin-OAP treatment. In the first

\ study, OAP was given by continuous infusion over a period of five days,

' The complete remission rate for 5-day OAP wis 43% (39/90), that for 10-

é ; ‘day OAP was 53% (92/173), and the currentrcomplete response rate for patients in

5 the combined groups on CIAL is 60% (70/117). The question arises, do these data

yindicate significantly improved complete remission rates by study, or is there

evidence that the types of patients on the three studies might explain the dif-

:ferences in complete remission rates?

From previous studies in adult acute leukemia, the following patient char.

éacteristics have been identified as being predictive of response: age (years),

E Y

%infection status at start of study (O=no, l-yes); acute myelocytic leukemia (Osno,
gl-yes), hemoglobin value {gms %), and logarithm (white blood count). These five

gpatient characteristics and two variables represcenting the linear and quadratic

%effect of treatments were included in a logistic regressjon equation. The regres-

B T it ettt S At - S M

gsion equation obtained is as follows:

P
log {T:%;'} = 4 ,1276 - .0417(Age-44.73) + .5027(Treat.linear-,101)

- .7000(Infection status-.388) - .3806(AML-.830)

i + .0501(Hemoglobin-9.21) - .0597(log(WBC)-4.144)
+ .0207(Treat.quadratic+.407)

T TR PR

}where Py is the predicted complete remission rate based on the 7 patient characteristics.
v

\ The coefficients in the equation were determined by stepwise logistic

§regression (Lee(1974)) so the significance level of each entering characteristic

can be calculated. The statistical significance level of each entering variable

?was: age (P<.01), treatment linear (P<.01), infection status (P<.0l1), AML (P=.18),

‘hemoglobin (P=.33), log WBC (P=,76) and treatment quadratic (P=.80), This analysis
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demonstrates that there is statistically significant evidence of a linear increas-
ing trend in response rate by study and that age and infection status are signi-
ficantly related to response rate,

Evidence that the five patient characteriscice do predict complete remis-
sion rate is given in Table 1. A logistic regression équation was fit to the five
patient characteristics in the 5 and 10-day OAP studies (excluding treatment as a

possible characteristic). This equution is as follows: %ﬁ

P :
log [1-;1 = ,02888 - .04238(Age-.44031)

- .59297(Infection status-,37) - ,35854(AML-,872)
- .01431(Hemoglobin-9,155) - .0208(ivg(WBC)-4,127).
Table 1 gives the observed and predicted numbers of patients responding
on the 10-day OAP and CIAL studies. As would be expected, the relationship
between obscrved and predicted probability of responsc wus éxccllent for the 10-
day OAP, since the cquation is being re-applied to the same data from which it

was derived, Note that there is also a good relationship between observed and

predicted probakility of response for patients on the CIAL study. The observed

percentages responding were higher than predicted in patients with predicted pro-
babilities under .60 and were in accord with predictions for patients with pre-
dicted probabilities over .60. Hence, there is some evidence that patients on
the CIAL study produced higher ohserved responses in patients with relatively

low predicted probabilities of response. When the equation was applied to the
patients from S-day OAP, the predicted complete remission rate was 52.1%; it

was 50.0% for patients on 10-day OAP, and 50.8% for CIAL., Hence, there was

strong evidence that patients on all threce studies were comparable with respect

to the five patient characteristics,




Cox's vegression mode! was fit to the survival data from the three
studies using the same five patient characteristics and treatment variables as
in the analysis of response. Cox's model hay be written as follows:

ME) = exp {8, (x,-X) + By(xy-K)+ ovv ¢ B T )} A ()
whera A(t) is the hazard function at time t, the B's are regression coefficients,
the x's are patient characteristics potentially related to surv{val. the x's are
average inues. and Ao(t) is an arbitrary hazafd function when all the x's are
at thei: mean valQes. The model fit to the survival data from the three studies

is as follows:

log

. {-ﬁ%—%} = + .0319(Age-44.74) - .4269(Treat.linear-.10)
[+

+

.4978(Infection status-,39) + ,1435(1og(WBC)-4.14)

.0429(Treat.quadratic+.41) - .0097(Hemoglobin-9,21)

+

.0006 (AML-.83).

The model was fit in forward stepwise fashion and the statistical sig-
nificance of adding variables at each step was as follows: age (P<.01), treatment
linear (P=.001), infection status (P=.001), log (WBC) (P=.30), treatment quadra-
tic (P=.39), hemoglobin value (P=.77) and AML (P=.99). Hence, as in the analysis
of response, age and infection status are the two characteristics most signifi-
cantly related to survival time and there is evidence of a linear trend which
indicates increasing survival time by study. Figure 1 gives the survival curves
for patients on the three studies. The median survival time for patients receiv-
ing 5-day OAP was 7 weeks, that for patients receiving 10-day OAP was 38 weeks,
and the median has not yet been reached for patients on the CIAL study. There is
evidence of a significant advantage in survival for 10-day vs. 5-day OAP patients
(P<.015) and nearly significant evidence that CIAL has superior survival to 10-
day OAP (P=.,059).
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These regression analyses have permitted comparison to be made among
treatment programs, adjusting for patient characteristics related to prognosis.

Based upon these analyses, one could more confidently assert that there were

e Ao it

real differences in response rate and survival among the three studies because

[
|

patient characteristics were adjusted for in both analyses, patients were com-

S mmin et o et s i 18 8 e p—

parable in the three studies with respect to predicted probability of complete

remission, and the same patient characteristics (namely, age and infection

e s Gr— v te

status) were significantly related to response and survival,

[

4. Discussion
The point of view has been presented that rational, scientific, and
controlled clinical studies can be accomplished without randomization. In some

circumstances, patients that are comparable in prognosis can be identified in ;

AL A gt 9 ¢ B P S e S e e 00 ¢

successive studies which allow comparison between a group of patients under inves-
E' f tigation and other groups treated in the past. Recording data which differs
. significantly from that observed in the past formg the basis for new knowledge,
] Z Confirmation of data by the same investigator and by other investigators in other
institutions provides a convincing mechanism for generating knowledge which pre-
i dicts for the future. _3
The majér reasons for preferring the non-randomized to the randomized ;
study are: a clinical investigator in a non-randomized study ls always adminis-
tering what he believes to be the best treatment for the disease under investi-
gation so there is no ecthical dilemma, and non-randomized studies require fewer
patients and proceed more quickly so that new knowledge is gained faster,
Randomized studies are useful if there is no basis for choosing comparable

patients treated in the past since patient characteristics related to prognosis %
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are unknown. Also, such studies could be considered when there is no prelimi-
nary evidence that one treatment is substantially better than another so that
the ethical dilemma doecs not really arise. Thirdly, previous data will sometimes
suggest that the same treatment program be studied according to different dosages
or schedules, etc., and it is convenient to have these treatments in the same
study. Pourthly, when studies are to be conducted over a very long term (say,
3-5 years or more) then paticnts could be randomized because there was genuine
doubt that the ancillary aspects of the successive studies would be comparable.
In planning any clinical trial, there is no substitute for imaginative,
original, and creative thought. The best clinical trials are those that have
the best treatments in them, whether randomized or not, CXinical knowledge will
advance when there has been careful analysis of past results as a basis for the
formulation of significant hypotheses to be tested in objective and scientifically

valid studies.
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