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FOREWARD

The Walter Reed Army Institute of Research (WRAIR), the host for the
Seventeenth Conference on the Design of Experiments in Army Research, Development
and Testing, has as its basic mission to provide the medical research and
professional graduate training required by the Army to fulfill its role in,

National Defense, Since strtistics and other scientific disciplines play an
" ever increasing role in medical fields, it is not surprising that Colonel
Edward L, Buescher, Director and Commandant of WRAIR, was pleased to have his .
installation serve as host to this design of experiments conference, Colonel

. .Hinton J. Baker was. asked to act as Chairman on Local Arrangements,  He was.

assisted in this capacity by Douglas Tang, Those in attendance are in debt

to these two gentlemen for so abling handling the many housing and transportation
problems that arose during the course of the meeting., Major General Colin F,
Vorder Bruegge, Commanding General of the Walter Reed Army Medical Center, in

his welcoming remarks, as well as in his comments at the banquet, made the
audience feel that their scientific accompiishments were helping medical research
to develop in many areas, .

This is the second time that WRAIR has served as host to one of these
conferences, The eighth conference in this series, sponsurad by the Army
Mathematics Steering Committee on behalf of the Office of the Chief of Research
and Developmant, De;artment of the Army, was held 24-26 October 1962 at the
Walter Reed Army Medical Center, Of the 180 attendees at the eighth conference,
2] artended the seventeenth conference, Dr, Stefano Vivona, now with the American
Cancer Society, was the local chairman for the earlier conference. .He was one
of the repeat attendees. Dr, Herbert C, Batson was one of the invited speakers
at the 1962 conference, At the banquet of this meeting Dr, Baker presented him
a citation for his outstanding scientific contribution to the field of medicine,
Drs, Marvin Zelen and George Lavin presented papers at both conferences. At
the eighth Conference Zelen contributed a paper which was jointly authored by
Dr., Badrig Kurkjian and himself, At the 1971 conference he was an invited
speaker. Another invited speaker who attended both meetings was Professor
Bernard Greenberg., It is interesting to note that, among the others who
attended both meetinzs and participated in both programs as chairman, panelist,
or by contributing p-pers were O, P, Bruno, A, C, Cohen, Francis Drcasel, Henry
Ellner, Walter D, Foster, Frank E, Grubbs, Boyd Harshbarger, Badrig Kurkjianm,
Clifford J, Maloney and Beatrice S, Orleana,

We note a few more statisticse about the two meetings. The earlier one had
forty-four more registered persons, One of the features of these meetings, the
clinical session, has gained in popularity, In the 1962 conference there were
two of these sessions with only three papers, while in 1971 there were five
sassions in which eleven cliniecal--type papers wero presented. The percentage
increase in the papers for the technical sessions were not as great, still
there was some increase, namely twenty-six contributed papers in 1962 as compared
with thirty-two technical papers presented this year,

One of the requirements the chairman makes of the members of his Program
Committee 18 that they name at least one speaker whose topic will be of special
interast to the members of the host installation. This year that request was
taken seriously, Most of the invited speakers tcuched on topice that were of
interest to those in the medical field, This can be seen from the following
list of invited speakers and the titles of their addresses:

"The Role of Mathematical Sciences in Biomedical Research" by
Professor Marvin Zelen

114

Preceding page blank

|
|
i
i
i
?

PRRETREECY

o~

PRI WY

PPV T SRV UV TP

—— e s




e Sy € 23

e o | g T T

= S

"Randomized Response: A New Survey Tool to Collect Data of a
Personal Nature" by Professor Bernard G, Greenberg

"Classification and Clustering Techniques in Data Analysis"
by Dr, Geoffrey H, Ball

"Hotelling's Weighing Desings"
by Professor K. S, Banerjee

"The Comparisou of Proportions: A review of Significance Tests,

Confidence Intervals and Adjustments for Stratification"
by Dr, Joha J, Gart

Let us take this opportunity to thank members of the program committee
(David Alling, Hinton J, Baker, Francis Dressel, Walter Foster, Fred Frishman,
Bernard Greenberg, Bernard Harris, Boyd Harshbarger, Allyn Kimball, Clifford J.
Maloney, Herbert Solomon and Douglas Tang) for their recommendations for invited
speakers, as well as their active part in the conduction of this meeting. We
would be remiss in our duties if we did not give due praise to all those indi-
viduals who gave contributed papers, Fer truly, without their help, this meeting
could not have been a successful scientific conference,

Memberg of the Army Mathematics Steering Committee have asked that the
proceedings of this conference be made available to those in attendance for
further study of the contents of the presented papers, and to those interested
in the ropics covered at the conference but who were unable to attend,

Francis G, Dressel Frank E. Grubbs
Sacretary Conference Chairman
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“SEVENTEENTH CONFERENCE ON THE DESIGN OF EXPERIMENTS

IN ARMY RESEARCH, DEVELOPMENT AND TESTING
" 27-29 October 1971 .
" Wednesday, 27 October
0830-0930
0930-1220

'REGISTRATION - Lobby of Sternberg Auditorium (WRAIR) T
GENERAL SESSION 1 - Sternberg Auditoriuvm ' ;

Chairmans Colonel Lothrop Mittenthal, Office of the é
" Chidf of Research and Development, Washington, DC .

THE ROLE OF MATHEMATICAL SCIENCES b2 BIOMEDICAL RESEARCH

Professor Marvin Zclen, State University of New York
at. Buffalo, Amherst, New York

RANDOMIZED RESPONSE: A NEW SURVEY TOOL TO COLLECT DATA
OF A PERSONAL NATURE

Bernard G. Greenberg, The University of North Carolina,
Chapel Hill, North Carolina

A

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

IR

1320~1510 CLINICAL SESSION A ~ Sternberg Auditorium

Chairman: Douglas Tang, Division of Biometrics
and Medical Information, Procemsing, Walter
Reed Army Institute of Research, Walter Reed
Army Medical Ceuter, Washington, D, C.

METHODS 10 EXTEND THE UTILITY OF LINEAR DISCRIMINANT
ANALYSIS

Captain L., E, Larsen, Divirion of Neuropsychiatry,
Walter Reed Army Inatitute of Remearch, Walter Reed
Army Medical Center, Washington, D, C,

PP~ S

PROBLEMS IN CHARACTERIZATION AND ANAILYSIS OF PSYCHO- !
PHYSIOLOGICAL RESPONSES

Captain John R, Jennings, Department of Experimental
Psychophysiology, Walter Reed Army Institute of Re=-

gearch, Walter Reed Army Medical Center, Washington,
b, C,
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1320-1510

1320-1510

1320-1510

CLINICAL SESSION A (Cont'd)
VALIDATION OF MATHEMATICAL MODELS

Rotart E, Kasten, United States Army Weapons Command,
Armored Weapons Systems Directorate, Rock Island, I11,

" TECHNICAL SESSION 1 - Room 358

Chairman} 'Banry_nllner, Quality'Auouranco Directorate

- -United States Army Materiel Commaund, Washington, D, C, -

COMBAT MODELS AS APPLIED TO RADIOTHERAPY

Barry W. Brown, M.D,, Anderson Hospital and James R,
Thompson, Rice University, Houston, Teras

A COMPUTER PROGRAM FOR TRICHOTOMOUS BIOASSAY

Clifford J, Maloney and Fred S, Yamada, National
Institutes of Health, Bethesda, Maryland

CRITERIA OF BIOCELLULAR MODELS: THE INFRARED MICROSCOPY
OF HARD TISSUE- :

George I. Lavin, Vulnerability Labs, BRL, Aberdeen
Research and Development Center, Aberdeen Proving
Ground, Maryland

TECHNICAL SESSION 2 - Room 372

Chairman: William McIntosh, Test and Evaluation
Command, Aberdeen Proving Ground, Maryland

FACTORTIAL EXPERIMENTS OF SMALL ARMS WEAPON FIRE CONTROL

Adolph P, Kawalec, Fire Control Reliability Engineering
Branch, Quality Assurance Directorate, Frankford Arsenal
Philadelphia, Pennsylvania,

CHARACTERIZATION OF BALLISTIC EFFECTIVENESS BY MAXIMAL
TRAJECTORY INFORMATION

J. T, Wong and T, H, M, Hung, Systems Research Division,
Research, Development and Engineering Directorate, US
Army Weapons Command, Rock Island, Illinois

AN EFFECTIVENESS MODEL FOR BURST FIRES UN VOLUME TARGETS
f, H, M, Huing and J, T. Wong, Systems Research Divigion

Research, Development and Engineering Directorate, US
Army Weapons Command, Rock Island, Illinois

ix
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1510-1540
1540=-1720

1540-1720

1540-1720

Break = Lobby of Sternberg Auditorium

CLINICAL SESSION B - Sternberg Auditorium

Chairman: Badrig M., Kurkjian, US Army Maturiel

Command, Washington, D, C.

UTILIZATION OF GAS FLOW DYNAMICS IN A GRENADE LAUNCHER

SYSTEM

Herman E, Tafnow, US Army Weapons Command, Small
Arms Weapons System Directorate, Rock Island, Illinois

SIMULATING SUBSURFACE NUCLEAR EXPLOSIONS WITH CHEMICAL

EXPLOSIVES :

Edward J. Leahy, Explosive Excavation Research Office,
Lawrence Liveruwore Laboratory, Livermore, California

TECHNICAL SESSION 3 - Room 358

Chairman: Beatrice S, Orleans, Naval Ships Sy
Command, Washington, D.C.

MODIFIED FACTORIAL EXPERIMENTS FOR POISSON DATA

gstems

Lyman Ott and William Mendenhall, Department of
Statistics, University of Florida, Gainesville, Florida

INFERENCES OF FUNCTIONS OF THE PARAMETERS OF THE WEIBULL

DISTRIBUTION

Ronald L, Racicot, Applied Mathematics and Mechanics
Brance, Benet RGE Labs, Watervliet Arsenal, Watervliet,

New York

ESTIMATION IN THE EXPONENTIAL DISTRIBUTION

A, Clifford Cohen, University of Georgia, Athens,

Georgla;

Frederick Russell Helm, Georgia Southern College
TECHNICAL SESSION 4 = Room 372

Chairman: C, M, Greenland, Applied Mathematics

Branch, Systems Analysis Office, Edgewood Ar
Maryland

DYNOSS~DYNAMICALLY OPTIMIZED SMOOTHING SPAN

senal

Roberto Filerro, White Sands Missile Range, New Mexico
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1540-1720 TECHNICAL SESSION 4 (Cont'd)

: STUDIES WITH A PROTOTYPE "OPTIMIZER" FOR USE IN
; COMPUTER SIMULATION '

8 L O i i

Dennis E, Siith, HRB-Singer, Inc. Science Park,
State College, Pennsylvania -

STAG MONOTONE EXPERIMENTAL DESIGN ALGORITHM (SMEDAL).

Private First Class Alexander Morgan, Systems Develop= e Y
ment Division, US Army, STAG, Bethesda Maryland ' 1

it obauL ot

1800-1900 SOCIAL HOUR - Officers' Open Mess
1900- BANQUET = Officers' Open Mess
Presentation of the Samuel S. Wilks Memorial Award
Dr, Frank F, Grubbs; Chairman of the Conference ” | : %

US Army Aberdeen Research and Development Center,
| Aberdeen Proving Ground, Maryland
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Thursday, 28 October

0830-1000 CLINICAL SESSION C = Sternberg Auditorium

s Chairman: Captain Isaac S, Metts, Jr,, Division of

3 Biometrics and Medical Information Processing,

¢ Walter Reed Army Institute of Research, Walter )
3 Reed Army Medical Center, Washington, D.C,

: COMPARISON OF TREATMENTS GIVEN BI=-VARIATF TIMF RioPONSE
. DATA .

Pearl A, Van Natta, US Army Medical Research and Nu=-
trition Laboratory, Fitzsimons General Hospital,
Denver, Colorado

EXPERIMENTAL DESIGN IN PROSPECTIVE STUDIES OF INFECTION
IN MAN

i
1

T

Major Robin T, Vollmer, US Army Medical Research
Institute of Infectious Diseases, Fort Detrick,
Frederick, Maryland

-

0830-1000 CLINICAL SESSION D -~ Room 358 i

Chairman: Davlid Howes, Strategy and Tactics Analysis
Group, Bethesda, Maryland
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0830-1000

0830~1000

1000~1030

1030~1220
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CLINICAL SESSION D (Cont'd)
TREATMENT OF NULL RESPONSES

GCenevieve L, Meyer and R, L, Johnson, US Army

Mobility Equipment, Research and Development Center,
Fort Belvoir, Virginia

DESIGN OF RELIABILITY EXPERIMENTS TO YIELD MORE INFORMA~
TION OF FAILURE CAUSES

Roland H. Rigdon, US Army Weapons Command, Artillery
and Air Defense Weapons Systems Direct>rate, Weapons
Ladoratory, Rock Island, Illinoie

TECHNICAL SESSION 5 = Room 372

Chairman: Erwin Biser, US Army Electronics Command,
Fort Monmouth, New Jersey )

MAXIMUM LIVELTHOOD APPROXIMATION FOR GUMBEL'S LA:/ AND
APPLICATION TO UPPER AIR EXTREME VALUES

Oskar M, Essenwanger, Physical Sciences Directorate,
Rese:irch, Development, Engineering and MSL, US Army
‘Missile Command, Redstone Arsenal, Alabama

STATISTICAL MODELS FOR HF IANOSPHERIC FORECASTING FOR
FIELD ARMY DISTANCES

R,J. D'Accardi and R, A, Kulinyi, US Army klectronics
Command, Fort Monmouth, New Jersey

C. P, Tsokos, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia.

Break
CLINICAL SESSIOM E ~ Sternberg Auditorium

Chairman: Henry A, Dihm, Jr., Aeroballistics
LIRECTORATE, Research, Development, Engineering

and Systems Laboratories, US Army Missile Command,
Redstone Arsenal, Alabawa

SOME PROBLEMS IN THE DESIGN OF TESTS TO CHARACIERIZE IR
BACKGROUND TRANSIENTS

J. 8. Dehne, J, R, Schwartz and A, J, Carillo, Combat
Surveillance and Target Acquisition Lab, US Army
Electronics Command, Fort Monmouth, New Jersey,

THE ANALYSIS OF A SUCCESS-FAILURE TIME SFR1ES WITH AN
APPRECIABLE NUMBER OF MISSING OBSERVATIONS

Robert P, Lee, US Army Electronics Command, Atmospheric
Sciences Laboratory, White Sands Missile Range, New Mexico
xii
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1030-1220

1220-1320

TECHNICAL SESSION 6 - Room 358

Chafirman: Bruce J, McDonald, Probability and
Statistics Program, Office of Naval Research,
Arlington, Virginia

A DISEASE SEVERITY INDEX

Clifford J. ﬁaloney. Division of Biologics Standurdc.
_ National Institutes of Health, Bethesda, Matyland

EXTREME VALUE THEORY IN RADIATION=-STERILIZATION OF FCOD

Edward W, Ross, Jr,, US Army Natick Laboratories,
Natick, Massachusetts

DIGITAL SIMULATION OF EQUIPMENT ALLOCATION FOR CCRPS OF
ENGINEER CONSTRUCTION PLANNING :

D. W, Halping and W, W, Happ, US Army Corps of
Engineers, Champaign, Illinois

TECHNICAL SESSION 7 - Room 372

Chairman: Edward N, Fiske, Systems Analysis Office,
Edgewood Arsenal, Maryland

MACHINE GUN EFFECTIVENESS MODEL BASED ON STOCHASTIC VARI-
ATIONS OF THE BARREL DURING FIRINGS AS APPLIED TO HEMIS~
PHERE TARGETS

Captain Richard H, Moushegian, Systems Research Division,
Research, Development and Enginearing Directorate, US
Aruy Weapons Command, Rock Island, Tllinois

AN ANALYTICAL APPROACH FOR SOME AIR SCATTERABLE MINEFIELD
EFFECTIVENESS MODELS

Barry H, Rodin, Applied Mathematics Division, Ballistie
Research Labs, US Army Aberdeen Research and Development
Center, Aberdeen Proving Ground, Maryland

A MATHEMATICAL THEORY OF MEASURES OF EFFECTIVENESS
Captain David L, Bitters, US Army Combat Development
Command, Institute of Systems Analysis, Fort Belvoir,
Virginia

Lunch - Officers' Open Mess
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1320-1430

1320-1430

1320~1430

TECHNICAL SESSION 8 - Sternberg Auditorium

Chairman: Virginia W, Perry, Army Logistics
Management Center, Fort Lee, Virginia

OPTIMAL DESIGNS FOR ESTIMATING THE SLOPE OF A SECOND
DEGREE POLYNOMIAL REGRESSION

V. N. Murty, The Pennsylvania State Univerlity, The
Capitol Campus, Middletown, Pennsylvania

A GENERALIZATION OF MINIMUM BIAS ESTIMATION FOR WEIGHTED
LEAST SQUARES

John Cornell, Department of Statistics, University
of Florida, Gainesville, Florida

TECHNICAL SESSION 9 - Room 358

Chairman: Joseph 8. Tyler, Jr., Applied Mathematics

Branch, Systems Analysia Office, Edgewood Arsenal,
Maryland

A COMPARISON OF CLASSIFICATION AND HYPOTHESIS TESTING
PROCEDURES POR CHOOSING BETWEEN COMPETING FAMILIES OF

DISTRIBUTIONS, INCLUDING A SURVEY OF THE GOODNESS OF FIT
TESTS

Alan R, Dyer, Office of the Chief Operations Research
Analyst, ARDC, US Army Aberdeen Research and Develop-
ment Center, Aberdeen Proving Ground, Maryland

MAXIMUM LIKELIHOOD ESTIMATION OF LIFE~TIME DISTRIBUTIONS
FROM RENEWAL PROCEDURES

Larry H. Crow, Reliability and Maintainability Division,
US Army Materiel Systems Analysis Agency, Aberdeen
Proving Ground, Maryland

TECHNICAL SESSION 10 - Room 372

Chairman: Robert P, lLee, US Army Electronics Command,

Atmospheric Sciences Laboratory, White Sands Miasile
Range, New Mexico

SIGNIFICANCE OF OPTIMAL REPLACEMENT POLICIES

Royce W. Soanes, Jr,, Computer Science Office, Research
Laboratory, Benet R&E Labs, Watervlist Arsenal, Water-
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RANDOMIZED RESPONSE: A NEW SURVEY TOOL
TO COLLECT DATA OF A PERSONAL NATURE

Bernnard G. Greenberg
James R. Abernathy

Department of Biostatistics, University of North Carolina at_chapei.ﬂill
Daniel G." Horvitz

Statistics Rasearch Division, Rcsenrch Triangle Institute.
Reeeurch Ttiangle Purk North Cnroline

INTRODUCTLON

Refusal to reég;xmd'nnd an untruthful answer from a respondent ate rccogniied
as two prlncipal sources of nousampling error that can influence sample estimates
involving surteys tf human populations. These poténtial sources oE bias aré more
prevalent in surveys which invelve sensitive or embarrossing qucstions. Warner[llf?“
the developer of the randomized response technique, desigined the ﬁrocedﬁte in
order to reduce or eliminate bias introduved when respondents ih aurveys'delib-

erately pive false inforwation or refuse to answer questiona of a8 ptraonal or
stigmitizing nature.

Randomized reéaponse in a relatively new and exciting statistical technique
of gruatlpotcntial fn survevs of human populations. Although the method is still

in the infaney stage, much growth and development have occurred since its crea-

tion in 1965,

HISTORLCAY, DEVELOPMMENLS

Qualitative response. In his oripinal paper, Warner considered the case

where a proportion 1 of the population (say Group A) possessed some sensitive

characteristic vhile the remainder of the population did not possess the

This rescarch was supported under Researeh Grants HD 03461-01 and HD 03441-04
from the dHational Tustitute of Child Health and Human Developwent.
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characteristic. The objective was to estimate w. With the aid of a randomizing

;

device, the respondent sclects one of the following statements by éhance.

I am a menber of Group A. [with a probability of P}
1 am not a member of Group A, [with _ ,cobabllity of (1=P)].

",]
and answers "Yes" or "No" to whichever one of the two siatements is selected.
The -intervicver does not know which statement was actidlly selectad through

. . /
the randomization process and, therefore, does not know to which statement the
.», N B "

respondent's reply refers. Only the rasponden:.knows to which one of the two
statements his reply is addressed, I.H

The ra;ibnale underlying the randomfzed rcspénsa procedure is that, since
the respondent cagramswer a sensitive question without reveaiins his personal
situation, pocénzzél stigma and embarrassment on the part of the respondent té?r
removed. Under thesc conditions there i no 1ongef any necd to refuse to
respond or to give an Incorrect 6: evasive answer, If respondents are con=-
vinced that the procedure guarantees anonymity in this respect, it follows that
cooperation and validity of response should be improved.

The randomizad response procedure clearly does not permit interprecaﬁion
of individual responses and, in fact, is not designed for that purpose, 1Its
sole purpose is to determine T in a group of respondents, For analytical pur-s
poses the total sample may be subdivided according to age, race, and other
available characteristics in order to study the relationship of the various
values of 7™ in the subgroups.

Warner showed that the maximum likelihood estimate of 7 is unbiased, if

persons are encouraged by the technique to tell the truth, and its value is
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whgre
n is the sample size of which m persons reply in the affirmative.
The variance of the cstimate, &s given by Warner, is

T (1-7) + P(1-P)
.n . n(2p-1)2

Var(ﬁ) =

Abul-Eln gﬁ 52[21 cxtended Warner's model to the trichotomous case designed

to estimate the proportions of three related, mutually exclusive groups, one or

two of which pocsessed a §ensitive characteristic, The model was further

exténded to estimate any'jiproportions (3>3) when all the 3 gréup characteristics
are mutually exclusive, with at least eone and at most j-1 of them sensitive., The
reason behind this evtcnsion wvas to provide cheory for the mulclchotomaus situation
which 1s often found in practice. The solution to this problem was found to lie

in choosing a new, nonoverlapping sample with a different value of P for every
additional parameter to be estimated., \

Following a suggestion by Simmons, Abul-Elala] investigated;énd.describcd a
variation of the Warner technique known as the unrelated question model. VAs
indicated above, the Warner technique concerned two questions (or statements)
which are inversely related to the sensitive characteristfc. The unrelated model
is predicated on the assumption that confidence in the anonymity of the technique
would be increased if two unrelated questions were uscd, one pertaining to the
sensitive characteristic and the other to a nonscensitive, innocuous condition. -
Horvitz, 55'31[4] further discussed this modification and presented results from

(5]

two field studies. Creenberg et al studied the theoretical framework of the
unrelated question model with respect to cstimation of the sensitive attribute,
variance of the estimates, effect of untruthful reporting, selection of the

unrelated characteristic, and other design propertiecs. Mean square error efficicncy

of the unrelated question model versus the original Warner model was reported to



favor the unrclated question model, Further reduction in mean square error was

"'»'{u?' x "'.: - -

e vne ST R e

shown to accrue when the frequency of the unrelated neutral characteristic was

e

. : known in advance. Furthermore, a method of formulating the unrelated question
Y .

i

vhich insures g ppiori knowlcdge of its pafumcters was described., This latter

suggestion was made to the scnior author by Richard Morton of the University of

T N Shefficld and it Was fieid-testcd.by Greenberg gglgltlo] with favorable results.

The results of thin application are shown in the next section in an example where.. . .. ...

data on emotional problems are described.

" The maximum likelihood estimatc of the sensitive attribute, let us call it

3 T, now, in the unrelated questfon model (assuming that the proportion of the

population possessing the unrelated characteristic, My is known in advance) and

1 its varlancc arc

'A-nY (1-P)
(nylmg) = —5—

(2)

A1)

an

: : Var(nhluy) =
vhere

A = probability that a "Yes" answer will be reported, and

2 P = probabilicy that the sensitive question is selected by the respondent.

At

To obtain an cstimate of Tys one simply substitutes the observed value of

A, say X, for its cxpected value in the above equation. % 1s defined as E

" e

wvhere n and n have the same definition as in equation ().

Although highly desirable, it i not mandatory that an estimate of "Y be

known In advance. There may be situations where Ty is not known and not

i
T
o
i
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amenable to a priori estimation, Under these conditions the slﬁplé design
can ba alteyed to permit estimation aot only 6£ the ngncitivc characééfistic
by Ty as well, This may be acgomplishad byinclocting two,indcpcndont>|auplea
of sizes n and ny from_;hc population, Théie.iré two devices and they would
be arrnngcd in such a way that the ptobnbili&ies of golectinf the sensitive

question in the two subsamples (P, and P,, roiﬁ‘ctiveiy)-aré different., The

" resulting proportions of "Yes" responses in the two subsamples, ilwiﬁ&'ﬁé; would

also be different. _Estimntlén formulaa, assuming L% not known in advance, are

A o R
] Al(l~P2)—A2(;-P1)
A PruPz, : : -

;. x1P2~A2P1
? Pz-Pl

with variances,

vy - 1 [a@npa-et Ay (1-Ap) (1-P))?
A (Pl_P2)2 nl “2

(1-2,)P2 A, (1=A,)P?
v, - _12[x1 172, 72 21]
(Pz_pl) nl' nz

Gould 55_51[6] considered the unrelated question method with two trials
per respondent in an attempt to develop models of respondent behavior and

apply these models to survey results on illegitimate births in which randuvmized ;

respunse was used,
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Barkldale‘7) citendad previous ﬁotk in randomized response to permit the

A s e AL

estimation of tha coefficlent of correlation of two related traits, at least

ene of which is stigmatizing. The potential value of e-timattha the proportion

i e e St 2

of individuals with two attributes was also trentod.>4

Quantitative responsc. Most of the randomized response work to date

has bdén concerned with refining the technique for use in personal interviews
‘Q¢15§'4555£1663 of u qualitative nature requiring cnly a '"Yes" or "No“-response.

Théltechnique need not be restricted to nominal scale data, hoyeier. It has wide

aPpliéation in the area of quantitative responsge and study is ﬁaingvdirecced

toward further developwent of the method in this srea., Greenberg gg_glta] have

s dall S

presented theory underlying ths quancitative application of the randoﬁized

response procedurc including unbiased estimates of the population maan and

P

variance of both the sensitive and non-sensitive distributions,

1
3,
¥
A
1
i

The quantitative model differs from the qualitative in that the questions
' are designed to elicit & éesponse in quantitative terms rather than "Yee" or
] N "No'', The responses to both the sensitive and non~sensitiva question must be of

the same relative magnitude, thus making it impossible to identify from the

response which gquestion has been answered. The overall distribution of responses

18 comprised of numerical answers to both questions. This distribution must be
separated in order to provide estimates of the parameters of interest, viz., the
population mecan of both the sensitive and non-sensitive distribution, and their

3 variances.

Assuming two indapendent, non-overlapping samples of sizes ny and Ny

unbiased estimators for the mean of the sensitive and non-sensitive distributions,

.f uhrand Hy respectively, are shown(al tv be

-6-
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: % (3)
E }
g— N
“E where
.E B R probnbility thax the sensitive question 1. aalacted by the
; 'ug. ‘ rcnpoudent in !ample i(i-l 2), PI#P
L é E; = mean response of sample 1(i=1,2)
f 5 The variances of the two estimators, ﬁA and ﬁ! were found to be
.
: ; V) « —L— [ tvE) + 1-p)(E )]
¥ ~ A ey -py)? : 12
| ¥ Q)

V(i) = — uvﬁ)+sz)
by P P) 2V (2 (2)]

V(Z,) - -,%; [o3+, (o3=02) + P, (1-,) (u,-u)?).

The variances of the estimators can be conveniently estimatad by using

the sample variances s: in (4): V(El) - ni/nl and 0(22) = s;/nz.

Other developments. Since many survoys are self-administered by means

of mail questionnaires or other media, extension of randomized gesponse to

such sources of information is essential. The North Carolina group of

investigators is currently exploring the devalopment of a randomization
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device which can be implementad in the questionnaire. This technique presents
no substantive problems in statistical theory different from those alieady

studied but does present problems in question design, format, respondent

acceptance, and illiteracy.

FIELD APPLICATIONS

The first field application of the unrelated queatioh technique vas con-

~ ducted by the Regearch Trlungle Institute in Dctober,f1965‘[4]

, and involved

personal interviews in a total sample of 104 white and 44 black liouseholds in

which it was kanown that a live birth had occurred within the previous two

months. It was also known that 18.9 per cent of the births were illegitimate

according to the birth certificate on file with the North Carolina State Board
of Health, The respondents were asked to select a card from'ia shuffled deck of
50 cards and to answer 'Yes" or "No" to the statement printed on the card.

The
two statements used in the deck weret

1. Therc was a baby born in this household after January 1,
1965, to an unmarried woman who was living here,

2. 1 was born iu North Carolina,

The objective was to estimate the proportion of all households with a

birth to an unmarried woman. The results were in remarkable agreement with

the known proportions of illegitimacy in each race in the sawple.

North Carolina Abortion Study.

The North Carolina Abortion S;udy{9’1°]

wus a major ficld survey in 1968 to test the practicability of the randomized

response procedure in eliciting information of a still more sensitive nature

from the general population. Information was sought on a variety of subjects

dncluding illegally induced abortion, oral comtraceptive use, emotional

problems, and income.

Each of thesc areas of interest utilized an independent

il .otk W
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sample of women 18 yecars old and over from the éombined population-of five
metropolitan areas of the state. |

In deriving estimates of induced abortion, the randomization device con-
sisted of a small, transparent, sealed, plastic box with ewo questions printod

on the top, easily legible to the respondent:

1. I was pregnant at some time during the past 12 months
and had an abortion which ended the pregnancy.

2. I was born in the month of April,

The first printed statement had & small, red ball in front of it; the
second statement had a blue ball in the same location. 1Inside the box thare
wer@ 35 red balls and 15 blue balls. Tha respondent was asked to shake the
box of balls chor?ugbly. and to tip the box allowing one of the freely moving
balls tc appear in a '"window" lecated {n the device and clearly visible to
the respondent. The color of the ball which appeared in the window determined
which of the two statements the respondent.answere& with a simple 'Yes" or
"No". If a red ball appeared, she answered the abortion statement; 1if a blue
ball appeared, she answerad the born-in-April athtement. Each respondent was
urgéd to exporimént with the plaastic box several times to assure herself that
both co}ota of beads could appear in the window, Color blindenss is no problem
with female respondents.

On the direction of the intesvicwer, the respondent then shook the box
to answer the question officlally. The intervicwer was some distance away
from the respondent so that she was unaware which stp:eménc had becen selected.
The reapondcnt}s reply of "Yes" or "No" was racorded by the intervicwer with
no knowledge concerning which statement had been answered.

Subsequent estimates of induced abortion in the population of women 18-44

years of age indicated that 3.4 por cent of them had experienced an induced
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sbortion during the pravious year. 'ﬂy raclal groups the estimates were 1.4
pur cent for whites and 6.8 per cent for nonwhites, There is no viy these
findings can be absolutely validated. Tney do appear to be within the reslm
of reason, ﬁowaver. based upon limited evidence available for comparilon;
Thea women who were asked about'abottioq during the past year were also

queried about use of the contraceptive pill, . The procedure used was exactly

the same as that uged for abortion, except. that the.statements were different,

as follows:

1. I am now takiﬁg "the pill" to prevent prognancy.

2, I was born in the month of April,

The results indicated that one-fourth of the women were taking oral contra-

ceptives at the time of the survey. A higher estimate was found for non-

white women (28.4%) than for white women (23.1%) and this concurred with
previous expectations bacause of family planning programs conducted in some
areas for poverty grouns.

Ir another sample designed to obtain information on emotional problems,

the following set of questions was used with women 31 years old or over:

1. At some time during wy life I had an emotional problem
vhich caused me to seek help from & professionsl person,

such as a psychiatrist, doctor, clergyman, psychologist,
or social worker.

2. The color of the ball in the window is blue,

The emotional problem trial was different from the others in that it used

three colors of balls: red, white, and blue. After shaking the box in the

usual fashion and causing a ball to roll into the window, respondents with a
red ball {n the window answered the cmotional problem statement. Those with

etther a white or blue ball iu che window answered the other statement.

-10-
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Estimatas of the proportion of women with an emotional problem shoved
that 22.8 per cent had experienced such a problem which required profesaional
attention. The estimatas wera higher for nonwhites (30.6%) than for whitas
(19.9%). As vith abortion and oral comtraceptives, the emogional prob;gn |
estimates were compﬁtid ﬁnder the lsounption‘thic the value of the unrelated

quastion for the group was knovn 3n advance. This value for the emotional

'pfoﬂi&ﬁ’dépeéf-df the stddykwae dcfinéd-ia»thé'iitiomof‘ﬁhe“ﬁuﬁﬁér.bf ﬁém&h..“ -

drewing a blue ball to the number drawing a ncn=-red ball. The exact value of

the numerator and denominator were, of course, unknown., The expected value of

‘this proportion is the ratio of blue balls to non-red balis in the randomizing

deviée, and this was knowm. It was considered to be a reasonable estimate of
the proportion answaring “Yes" to the statement, "The color of the ball in the
window is blue" and was used iIn calculations of emotional problem astimates.
The North Carolina Abortion Study also collected quantitativa data on
abortion and income ‘using the rendomized responsde procedure. The statements

on abortion were as follows:

1. How mauy abortions have you had during your lifetime?

2. If a woman has to work full-tims to make a living, how
many children do you think she should have?

1
The principal difference between this application of the technique and

the situatfons previously described is that the answer was expected to be a
smail number rather than a "Yes" or "No" response. The éatimation procedure
vas entirely different, of course, The income statements were completely

analogous to those for number of abortion: in both application and analysis.

They were:
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1. About how much money in dollars did the head of this
household earn last year?

2. About how much money in dollars do you think the average
head of a household of your size earns in a year?
Es;imates and variances of the mean number of abortions obtained over a -

lifetime in an urban population of women, and of mean income of heads of

'housaholds. were reported in [8]. A mére detailed treatment of data collected

in the North Carolina Abortion Stndy and the analysis both qualitative and
quan:itative mny be ‘found 1n [9, 10]. B

Other applications. Proctor and Gamble, Ltd., conducted a survey in

Ens;andllll in 1968 using the randomized response teéhnique to gain informa=-

tion on personal hygiene habits of housewives. Two sets of questions were !

H
used with the plastic box technique previously described:

Box 1

1, Have you cleaned your teeth today?

2. Were you born in one of the following months:
January, February, March, April, May, June, or July?

1. Have you had a bath in the last two days?

2, Were yu born on one of the following days of the month:

ist, 2nd, 3rd, 4th, 5th, 6th, 7th, 8th,.9th, 10th, 1llth,
12th?

For purposes of cnmparison, each of the two "sensitive' questions sbove

was also asked through the direct question approach of an analogous group of

women, The two sets of estimates of the proportion of housewives cleaning

their teeth agreed within limits of sampling error. The same was true of the

estimates pertaining to having a bath in the past two days. The authors con~
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+ 2 : cluded that the housewives understood Qhat was required of ﬁhem in the randomized

response application, but that neither "sensitive" question proved to be

3 : erbarrassing to the housewives. Hence, they felt the vandomized response

f was unnecessary as long a® dircct questioning is not embarrassing to the

. respondent. B ' v _
Barksdale reported using the randomizced response ptacpdure smong selacted

students at the University of Noxch Carolina[?l_to,juatify.the feasibility of . .

some of éhe extensions to the method which he recommended'na a result of his

G Dt i

na

research. He was concerned with determining the proportion of students who

had smoked marijuana et some time in their lives, and the proportion who had

3 : 4 3
3 never cheated on an examination, This survey was beset with many unforeseen LEC -
‘ o ' : 3
‘ problems leading the author to conclude that "due to the lack of an adequate .

lnhple size and experimental procedure, little credibility can be associatad , } ,f

with the observations",
The Research Triangle Institute used the technique in 1970 in a .drinking-
[12)

driving attitude survey in Mecklenburg County, North Carolina Comparisons

were made between randomized response and direct question responses,

LESSONS LEARNED FROM FIELD XXPERIENCES
The randomized response technique has now been widely tested in the field
and much has been lecarned as a result of these valuable experiences, Some of
the additional knowledge gleaned from these surveys is of a positive nature
which might be implemented immediately to improve estimates of the sensitive
characteristic. “The field experiences also identified problems in the
procedure which are not readily amenable to solution, and which require further ;

research. Some of the more important lessons gained from ficld experiences are

enumerated below, :

-13-
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1. The respondent must be convinced that the survey is for legitimate

o2

3.

&,

3.

research purposes, and that his anonymity to the sensitive question
cannot and will not be violated, The institution with which the

interviewer identifies ﬂimaelf is of particular importance in that

" the respondent must not get the impression that some igéncy is pr&ing

into his porsonal life for some ulterfor motive,

Estimatas of the paraucter, Ty, and itlﬂvariance are extremely sensitive
to the Pl {und Pi) valucs (probubilities of sealection of the sensitive
question associated with the randomization device)., It is, thcrafpro.
imperative that the device in practige produce these values wi;hin reiaoﬁable
sampling error and untainted by non~sampling error and bias. .

Further research should be directed toward determining optimum Pl

(and Pz) values from the point of view of acceptability to the respondent.
¥stimates of the parameter, Moo and its variance are sensitive to the

choice of the alternate (or non-aena;tive) question. The latter should

be chosen with knowm and relatively low prevalence in the population

being surveyed. It should not be foreign to the group, and must be culturelly
accepteble. It 1s best to choose Ty in the anticipated region of "A' If thesc
conditions cannot be met, consideration should be given to formulating

the alternate question as a function of the randomization device (as

was done in the emotional problem trial).

The intervicwer should thoroughly understand the technique and be able
clearly and lucidly vo impart this knﬁwledge to a respoudent whose

education fs minimal, The interviewer must evoke a feeling such that

the respondent has coufidence in her integrity and sincerity. Furthermore,
the interviewer should have faith in the procedure and not be askeptical

lest this attitude be unconsclously transmitted to the respondent,
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1. The reopoﬁdcnt must be convinced that the survey is for lajitinntc

R

3.

4,

5.

runegrch purposes, and that hie anonymity to tha sensitive question
cannot and will not be violated, The institution with which the

interviewer ;dentifiel'himsolf is of ppitiéula: importance in that o

R3]

the tgsﬂenr must not' gat the impression that some agency is prying ‘
into his personal life for iome ulterior motive. ' '
Estimateswof-thc~pnrametor;'nA,'nnd 1:3”vir1§n9¢'hrn'ckttdmily'lenoiéiii )
to the Pl (ynd Pi) values (prob&bilitioa of galection of the sensitive
question associated with the rendomization deviéo). It is, therefors,
imperative that :he:device in practice proddco these valuea vﬁ:hin reasoﬁabla
sampling error and untainted by ngn*uambling error nﬁd bilﬂ.'
Further research should be directed toward dstorﬁining optimun Py .
(and P2> values from the point of viev of acceptability to the relpondcﬁt.
Estimates of the parameter, Ty and its variance are sensitiva to tﬁe
cholce of the alternate (or non-sensitive) question., The latter should
be chosen with known and relatiQely low prevaleﬁco in the population
being sﬁrvayed. It should n&: be foreign'to the group, and muat be cﬁlturnlly
acceptable. It is best to choose *Y in the anticipated region of e 1f tﬁesa
conditions cannot be met, consideration should be given to formulaéing
the alternate question as a function of the randomization device (as
was done in the emotional probleom trisl).
The intervicwer ahould thoroughly understand the technique and be able
clearly and lucidly to impart this knowledge to a respondent whose
education 3s minimal, The interviewer must cvoke a fee}ing such that
the respundent has confidence in her integrity aﬁd sincerity. Furthermore,

the interviewer should have faith in the procedure and not be skeptical

lest this attitude be unconsciously transmitted to the respondent.
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6. The p:oblan of administering the technique to illiterates must ba ' o §

-y

é, ' , resolved.
7. The technique should not be used in situations where the direct question
can be usad.

8. Research :oward‘a more efficicnt randomization device should continue.

- o

. -
I e

Mnk;ng P_equivéléntnto %-hastihtuitivh appeal and gouldrgend_to ;céqen’
suspteton on the part of respondsnts that the procedure vas rigged fn '
some wa}. This value cannot be used in the original Warner modni as

~ S indicated in Equation (1); it cen be used in the unrelated question '

| model (Equation 2) but with a loss in efficiency when compared with

. _higher values of P. This loss might possibly be overcome by inqrgnacd

cooperation on the part of respondents when, for'cxaMblo, a simple toss

X : of a coin is used In lieu of the box-and-balls device currently used. -

POSSIBLE APPLICATIONS IN MILITARY RESEARCH
;ﬁ There are several sensitive aress involving the military in which informa-
: tion may be vital but unavailabie because, for obvious reasons, the direct
question approach would not yield truthful responses.

One guch matter involves the usa of drugs by members of the armad forces,
The randomized response method could be utilized to dete;mine the proportion of
returning personnel or veterans, for example, who experimented with heroin,
or any of the other drugs available during their service abroad. Such a
study would permit estimates of drug use by memSera of the military classified
by renk, branch of service, location of station, age, length of servica, race,
and a multitude of other characteristics.

Homosexual practices among the military is another field in which reliable

information may be practically non-existent. It is genaerally conceded that

«]5~
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knowledge of the extent of a problem 18 a prerequisite to Jaunching a program

to prevent or reduce the problem. This would be particularly true for homosexual

or other deviant sexual practices that may ekisc in the grncd forces. Dceqiled
clasaification by branch, rnﬁk. and other strata would also be aVaiiable.

-A.otudy of gptitudea and obinicns of members of th; armed fdrceé édw@rd
_ofticefu,-ﬁilizéry service in genéral, discipline, snd related ndtters iu‘,:“
enother fertile field for exploration with the rindomized rcapoﬁée technique,

f Alcoho;iam~§mong the miliiary is yet another;fiéld'in"whtch';hc lack of
valid data on prevalence could be rectified through the use of randomized
response. Obviously, there are many other areas of po:entiil use in the
qilitary vhich could be enumerataed but those mentioned suffice.go indicate

the potential of the method.

SUMMARY .

A method of reducing or eliminating bias introduced when rqtponden:ﬁ-in
sutveys deliberately give false infdrmntion. or ‘refuse to answer questions
of & scnsitive naturc, is described. The method is known as randomized
response,

The growth and development of the method since its origiﬁ in 1965 to
the present time is dbcumented. Special cmphasis is placed on lessons that
have been learned through several field experiences involving application of
the technfque. Some further research on the mathodology is indicated.

Several potential applications of randomized response among the armed
forces are discusscd. These include the use of drugs, homosexual practices,

attitudes or opinions toward military matters, and alcoholism.
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THE CHARACTERIZATION AND ANALYSIS OF
COMPLEX BIOLOGICAL RESPONSES

Captain J. Richard Jennings :
Dept, of Experimental Psychophysiology
Walter Reed Army Institute of Research:
o Washington, D, C, -~

ABSTRACT, Complex, time-~varying biological responses to discrate psychologica . .

events pose problems of numerical charactarisation and statistical analysis,
Biological rasponses, such as brief héart rate changes and cortical evoked
potentials, are multiphasic response with inherent dependency within the

"rasponsa. Thls dependency should be identified in order to separate .

biological eontrol influences from the influence of the psychological .
evant., A prototype exporiment is developed basad on actual data illustrating,
these problems. Alternats analyses are suggasted and advice concerning the
application of multivariate techniques is sought, . '

INTRODUCTION, The ackurate and complete numerical characterization of

a biological systam's ¥eaponse to stimulation ie a vexing problem -for wany
investigators, This ie particularly true of the invastigator sasking relaticons
betwesn paychological and physiological functioning within a normal human

being. In such investigations a clearly spadified psychulegical event is
presented and the physiological reaction is nbserved, The physioclogical
reaction is not simple, howaver, Reactions are generally sxtended in tims and .
vary during this tima, In addition, such physiological raactiins are multi=
determined -~ biologicai controls on the response necassarily interact with

the raaction to the psychological event, - Current knowledge of thede rasponss
deteraining events and their interactions doesn't seem to allow any straight-
forward deterministic modeling of the biological response process,. The

first approximation to understanding these response processes must be, it

seems, through an empirical and statistical approach,

The biological responses of particular interest are those which occur as
time-varying responses to relatively specific stimulation, An examupls of
such a respoase would be a second to second change in heart rate induced
by a burst of white noise or an electrical potential change in brain waves
elicited by a flash of colowrad light, To elaborate the heart rate example,
at the onaet of a burst of white noise, a person's heart rate, which
even without stimulation shows momentary variations in rate, may momentari.y
slow down and then speed up prior to returning to a pre-stimulation rate.
With this type of response in mind, the basic questions of this paper can

-19-
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" be posad: "How can this biological resiionse bs charactexisged in a simple
yet complete munner? How can the cliaracterized vesponse ba compared to
both pre-ccinulus variability and responses to othnt psychological stiauli?"

=y~
i e S

.VA PIOTOTYPI EXPERIMENT, A scmevhat simplified prototype -zporinnnt hll Laen.
designed. that 1iTustraces s ganoral approach to experimentation with ' " N
paychoptivsivlogy. ‘After the description of this prototype cxpcrincnt, the
problem will be reduced to the .comparison cf two heart.rate responsc curvus
based on real data collectsd under circuuueunccn nnnlo.oun to thclc ot tha .

.;:prototypt cxpctinant...“i-. e _ et

antin

i

'

. Lo . The protocypc ltudy concerns thn information prucolling of nu-bnr-
= : : wi:hln a map reading problam, Subjects highly familiar with & certain map
were given two tusks. For both tasks & sat of eight numbers reprasenting
map grid cvordinates was presented visually for five saconds using s slide
. proisctor, In one task the gubject was required to remembar tha exact
¢ ~coordinates, In the other task the subject was asked only to decide which
S quadrant of the map contained the coordinates displayed. The physiological E
: concomitants of performance in these two tasks ware of primary interest. ; :
More specifically, a pronounced physiological reaction was expected to '
accompany the task demand for exact grid specification, but not to
lccomp:ny the 1.-. domanding quadrant plscemont task,
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The,expcrimoncll dasign specified the use of ten iubjcut-. In order to

o use esach subject as his own control, each subject performed in both tasks. b 1
; Five subjects yarc randomly grouped to receive the coordinate uemory task ! 3
o " first and the rempining five received the quadrant placement task first, 3 ;]
; Three response moasures were collected: heart rate, skin conductance (GSR's), i - 4
and accuracy of performance on the information processing tasks, Each - ; : A

task was composed of ten trials ueing different map coordinates. Tor sach
task the response neasures were avcraged over the ton ttiall. The design can
be diagrammad as folliows: -

20~
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Assuning for a moment that the three responme measures wars simply ﬂidgle

nunbars reflacting the heart rate, skin conductance, and performance responaes,.

8 rather straight-forward analysis of the results might be possible, A tech-
nique comparable to the profile multivariate snalysis of vaciange. suggested

‘by Morrison (1967) might provide an overall estimate of the presence of any

aignificant effect due to task and order treatments within the three response
measuras, Subsequent comparisons following a multivariate analysif #&
determine the locus of any significant effacts. Tha’npplicntﬂﬂfiﬁgfc s
technique to the current data is not straight-forward. However, papers such
as Potthofif & Roy (1964) suggest that generalization to cases such as the
current one are pousible, In short, if the data could truly be fit into the
layout of Table 1, a comprehensive statistical analysis would seem possibla,

The probiem arises that, in fact, at least two of the response measures
(neart rate and GSR) sre not single numbers but a vector of dependent values

. reflecting both pre- and post-stimulus physiological activity. The decision

of how to analyze this vector of values must be based on some knowledge of
the nature of the physiological response and also upon ths validity and
availability of statistical methods of repraesenting this data, A detailed
knowladge of tha heart rate response maasure may aid in this decision,

THE HEART RATE RESPONSE., Psychophysiologists find it meaningful to measure

- heart rate during pﬂycﬂological performance because of a belief that the

autonomic nexrvous system is continuously adjusting the internal wileau of

the organism on the basis of events in the external environment, These
adjustments are generally not massive enough to enter our awaraness, although
in states such as rage we are aware of physiological changes, Minor
adjustments occur, however, and can consistently be related to psychological

-avents, Thess adjustments appear as momentary changes that ara not

observed if pulse rate is measured over a minute or mo, In order to
observe such changes, the time betwesn individual beats of the heart must be
measured, This time can be converted to the familiar beats per minute (bpm).

Heart Rate (bpm) = éb seconds
Inter-beat interval (seconds)

For example any interbeat interval of one smecond yields a heart rate of 60
beats per minute. In such a manner instantaneous heart rates can be exprassed
for individual beats before and after stimulatfon, In Figure 1 the rate of
the heart is plotted for six beats prior to and six beats following stimulus
presentation, Focusing on the curve with the solid line, the first three
brats plotted show a stable heart rate of 82 beats per minute, This is
followed by an increase to 83 bpm for the next three beats and then the
reaction to the stimulua follows, a decrease in rate followed by a substen-
tial innreass, Thase are the sorts of brief changes in heart rate under’
study, Note that Figure ] represents a total time of about ten seconds.

Raturning to the prototype experiment, Figure 1 representa the cardiac
responses to the two experimeatal tasks. [he heart beat response curves are
compared for the coordinate memory task and the quadra