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1. Introduction 

Obtaining information pertaining to sensitive 
or stigmatizing characteristics has been a vexing 
problem that is encountered in sample surveys. 
The questions that make the respondent suffer em
l.arrassment if he answer:o the question affirma
tively prompt him to select the path that is least 
likely to jeopardize his reputation. This would 
then entail data that are mostly unreliable. Re
search in statistical methodology to devise 
schemes to elicit answers in the above context 
has been in the direction of finding methods that 
ensure anonymity to the respondent in as far as 
his answer is concerned. It is believed that if 
the interviewer does not know what the answer 
from the respondent to the sensitive question is, 
then the respondent feels safe in responding 
truthfully to the sensitive question. In this 
direction, an attempt has been made by Warner [5], 
who devised a scheme which is currently known as 
randomized response technique. It is assumed 
that the population consists of two groups A and 
B; and the membership in A bears a stigma. It is 
desired to estimate the proportion of individuals 
belonging to the group A. The respondent is asked 
to use a randomized device such as a six-sided 
die, for example. If a one or two, say, turns up, 
he is asked to answer the sensitive question, 
without revealing the result of the toss, 

1) I am a member of group A, 
truthfully by marking "yes" or "no". If a 3, 4, 
5 or 6 turns up, he is asked to choose the non
sensitive question, 

2) I am a member of group B, 
truthfully by marking "yes" or "no". Thus, the 
interviewer does not know which statement is 
answered by the respondent and the answer to the 
statement. Therefore it can be reasonably as
sumed that the respondent can be persuaded 
indirectly to answer truthfully without exper
iencing any embarrassment. This assurrq1tion re
mains to be tested in field trials because its 
validity is related to the degree of sensitivity 
of the question or the nature of the stigmatizing 
characteristic. 

Later Simmons modified [cf. [2]] Warner's pro
cedure by introducing an unrelated question along 
with the sensitive question. Greenberg et al. [1] 
further explored Simmon's method and studie~its 
statistical properties. Briefly, the method is 
as follows. 

An experiment is conducted with known probabil
ity P of occurrence of an event (say, a one or a 
two turning up in the die tossing experiment). If 
the event is realized in the experiment, without 
revealing the outcome to the interviewer, the re
spondent is asked to choose to answer truthfully 
the sensitive question. 

A) I had an abortion in the last few months by 
marking "yes" or "no". If the event is not rea
lized, then the respondent is asked to choose the 
nonsensitive question. 

B) I was born in New York and answer truthfully 
by marking "yes" or "no". Again, apparently the 
anonymity of the respondent is preserved. Symbol
ically writing, if P denotes the probability of 
occurrence of an event in the experiment conducted, 

rr. the true proportion in population of the mem
bership of A, I1a the proportion of membership of 
B, then 

Prob(yes answer) 
=Prob(A is chosen) • P(yes answer/A is chosen) 

+ Prob(B is chosen) · P(yes answer! B is chosen) 

)... =ITA •P + IT8 (1-P) 

In Warner's method II8 is selected to be 1-II •• 
Greenberg et al. [1] compared the efficiency of 
this unrelate~question method with that of 
Warner and found when ITA is small that it has 
better efficiency. Even though the anonymity is 
theoretically ensured, it is always desirable to 
find if the respondent in an actual survey shares 
the same view, and gives truthful answers to sen
sitive questions. In the present paper, the re
sults of a sample survey pertaining to three 
sensitive questions are reported. Two randomiza
tion techniques are employed--one using the re
spondent's Social Security Number, and the other 
using a box containing a fixed proportion of mar
bles of two colors. The two randomization meth
ods are used to determine if one method performs 
"better" in ensuring the respondents that the 
confidentiality is preserved or not. It is 
assumed in these randomized response methods that 
if the value of Pis high, it becomes difficult 
for the respondent to give truthful answers if he 
is prone to feel embarrassment in answering the 
sensitive questions. To ascertain the truth of 
such a belief, the following experiment was con
ducted at three levels of P (.50, .70, and .90). 
The results are mixed and are reported in the 
following section. 

2. Description of Randomization Methods, 
the Questionnaire, and Results 

The two randomization methods are described in 
(i) and (ii). The procedure of conducting the 
survey is described in (iii), and the results are 
described briefly in (iv) and (v). 

(i) Use of social security number (SSN): The 
last digit of SSN of the persons in a population 
is assumed to be distributed uniformly with a 
probability of 0.1 on each number 0,1,···,9· The 
level of P could be controlled through this last 
digit. For example, if Pis to be chosen to have 
a value 0.5, the respondent is asked to think of 
the last digit of his SSN and if it is less than 
or equal to 4 he is asked to select to answer 
the sensitive question. Similarly, if the re
spondent is asked to answer the sensitive question 
if his last digit of SSN is less than or equal to 
6, then the probability, P, of choosing to answer 
a sensitive question is 0.7, and so on. 

( ii) Use of marbles: For a given value of P, lOP 
blue marbles and 10(1-P) yellow marbles were 
placed in a decorated box. The respondent was 
free to look inside the box since we attempted to 
convince him that no tricks were involved. The 
respondent is asked to shake the box and pick a 
marble without looking at the box and notice its 
color. He is then given a questionnaire with in
structions to answer the A (sensitive) questions 
if the marble selected is blue and the B 



(nonsensitive) questions if the marble selected is 
yellow. 

Before the start of the survey it was felt that 
as P increases towards unity, there would be a 
greater proportion of individuals who would give 
untruthful answers; and also that the randomiza
tion procedure using marbles is better to employ 
as it is easier to convince a respondent that the 
interviewer does not know which colored marble 
was selected than to convince him that his SSN is 
not or will not be known. In addition, the marble 
procedure could serve as a distracting device 
whereby the respondent might be unaware of the 
proportion of blue and yellow marbles in the box 
and thus the probability of answering the sensi
tive question. 

(iii) Procedure: It was decided to use 120 Cor
nell University students in the study with 20 
different individuals for each of the three P 
levels (.50, .70, and .90) and the two randomiza
tion methods (SSN and box of marbles) for obtain
ing P. IT8 is assumed to be known and is equal to 
.30 in the population for this study. Since a 
comparison of methods and P levels was being made, 
the question of representativeness of the sample 
is not involved; however a combination of a P 
level and method (a treatment) was randomly as
signed to an individual subject to the proviso 
that 20 students were allotted to each treatment. 
The students were briefed in groups on Simmons' 
model in un attempt to convince them their anonym
ity in answering either the sensitive or non
sensitive questions was assured, and of the 
procedure. 

A copy of a questionnaire presented to a stu
dent where P=.50 and the randomization method was 
the use of the Social Security number is as fol
lows: 

You are to answer one of two questions in each 
pair according to the following procedure: If the 
last digit of your Social Security number is 0, 1, 
2, 3, or 4, answer questions A;if the last digit 
of your Social Security number is 5, 6, 7, 8, or 
9, answer questions B. You give only one answer 
in each pair of questions, and because of the way 
this method is designed the interviewer cannot 
tell which questions you have answered. The in
terviewer only knows the proportion of times the 
question is answered. 

question A: 

question B: 

4ucstion A: 

question B: 

question A: 

While at Cornell, have you ever stol
en money or any article worth over 
¢5.00 from a friend, roommate, em
ployer, or anyone else? 
Were you born on the 11th through 
the 19th of the month? 

Yes No 

Have you ever either given or re
ceived anything tangible, monetary 
or otherwise, for sexual activity? 
Were you born on the 15th through the 
23•4 of the month? 

Yes No 

Have you masturbated at least once 
within the last two weeks? 

question B: Were you born between Sept. 13th and 

Your Name 

Dec. 31• t? 

Yes No 

The A questions are highly sensitive ones to 
many students, whereas each of the B questions 
should not be sensitive to any student. Responses 
to the questions should be independent of each 
other. The questions may have been so sensitive 
that the respondent decided not to answer regard
less of the value of P. 

If this were an actual survey, the name of the 
respondent would not be needed since information 
is confidential and it would help to insure his 
anonymity even further. However, in this study 
the purpose for requesting the student's name is 
two-fold. The interviewing was done in groups 
for ease and convenience, and in many cases the 
names of respondents were unknown. One intention 
of the present study was to simulate a personal 
interview since the randomized response technique 
is conducted in this manner. Since a respondent's 
name, or at least place of residence, is usually 
known if he is an element of a sample, it was de
sired to have names associated with answers. In 
addition, if this technique alone insures that 
the chance of embarassment is removed, the re
spondents should not have any qualms about sign
ing their names. 

(iv) Results: The following tables summarize the 
findings of the survey pertaining to three pairs 
of questions. The values indicated represent the 
number of "yes" responses for 20 respondents. 

l•t pair of questions 2•4 pair of questions 

# of "yes" responses # of "yes" responses 

METHOD METHOD 

SS No. Marble ·5§ij2 
Le~l·7 4 4 

·9 3 3 

· 5rnss :0· Mar;le 

·7 2 1 

·9 1 0 

3• 4 pair of questions 

# of ''yes" responses 

METHOD 

. 50§Blss 5No. Ma~ble 

Le~el" 70 8 10 

·90 8 6 

A detailed statistical analysis of these data 
is given in the Bachelor of Science thesis by 
Pearl [3]. It is not reported here due to space 
considerations. An analysis of variance of the 
above data transformed to arcsines was performed 
and comparisons were made with the theoretical 
variance 821/20. The results are more homogene
ous than might be expected. Also, a contingency 
chi-square analysis was performed with comparable 
results for the two procedures. 



(v) Necativc Estimates: For each of the three 
sC'n~:Itjvc C]Ue"tl.m:: and !;_ix treatments, 11.n esti
mnl.t· of ITA i :; r,i V"E'll be] ow. 

. ')0 

p .70 
Level · 

.90 

~'l':i£''tion 

J•:::timat<· <1f ITA 

METHOD 

SS No Marble 

.000 -.100 

.157 .157 

.133 .133 

.so 

2nd <tuestion 

Estimate of ITA 

METHOD 

SS No Marble 

.300 .000 

.70 .014 -.057 

.90 .411 -.033 

3' d q_uestion 

Estimate of rr. 
METHOD 

SS No Marble 

.50 .200 .400 

,lJ-43 . 586 

.411 .300 

An undesirable feature of the randomized re
sponse methods is that negative estimates may be 
obtained. The estimating eq_uation is 

~ = rnA + (1-P)IT~ . 

In order to obtain an estimate ITA of ITA we req_uire 

(l-P)IT8 < ~ < P + (l-P)IT8 

and since ~ is a random q_uantity we cannot ensure 
all the time that it lies between these two pre
scribed values. Several ad hoc methods can be 
suegested which are in a sense-arbitrary and do 
not exploit the properties of the randomized proA 
cedure. One method of obtaining an estimate of n. 
between 0 and 1 is to adopt a method of trunca-
tion. Define 

"{"; 
if r < (l-P)l19 

ITA if (l-P)IT8 <~ < P + (1-P)fie 

if ~ < P + (l-P)IT9 

Another method is as follows. ~ is a maximum 
likelihood estimate of~. One can solve the max
imum Aikelihood eq_uation subject to the constraint 
that~ lie in the interval ((l-P)IT~,P+(l-P)l19 ). 

In the orieinal work (Pearl [3]J, a detailed 
table· is vresented illustrating values of P, IT9 , 

and n necessary to be at l~ast 95"/o certain that 
non-negative estimates of ITA are obtained for a 
minimum value of n, or of A· These results are 
not reproduced here because of space considera
tions. 

3. Discussion 

Seven out of nine students interviewed in one 
group refused to sign their names on their com
pleted q_uestionnaires. However, since their re
sponses did not alter the results more than a 
negligible amount, their answers were included. 
Only one student, who was in that same group, out
wardly refused to respond after reading the 
q_uestionnaire. It should be noted that his P 
level was 0.9 and the randomization method was the 

use of his Social Security number. 
For the first and third pair of q_uestions, 

there was no significant difference in the number 
of ''yeses" at the 5% level among the three P lev
els and between the two randomization methods 
used for all three analyses done. These results 
are contrary to the authors' hypotheses. For the 
second pair of questions, however, there was a 
significant difference at the 5% level among P 
levels for each of the three analyses. For the 
first analysis of variance, there also was a sig
nificant difference at the 5% level between the 
randomization methods used. However, only at the 
25% level was there a significant difference 
among methods for the other two analyses. Per
haps for same sensitive questions, the number of 
untruthful answers will increase as P approaches 
unity; for other questions, the value of P will 
make no difference. Unfortunately, there is no 
way of knowing whether it will make a difference 
prior to the survey. Overall, the analyses show 
no significant difference at the 5% level in the 
number of ''yeses", with one exception, between 
the two methods • 

The absence of any trend in the number of 
"yeses" in the first and third pair of questions 
might also be explained by the following reasons: 
1) Repondents decide to answer truthfully or un

truthfully independent of their P level. 
2) Students influence the responses of one another 

since they were interviewed as a group. 
3) Even a P level of .50 is too high in that re

spondents will answer untruthfully even at this 
level. 

4) Although students were instructed to answer the 
q_uestionnaire as if an interviewer from Gallup 
or Harris polls was there instead of a student 
interviewer, it is the authors' feeling that 
the students answered honestly at all P levels 
and treatments since they wanted to help a 
peer with her study. 
Perhaps for these reasons and/or others not 

mentioned, the randomized response techniq_ue gave 
similar responses with different P levels and ran
domization methods. One should use whatever meth
od produces the most truthful information. Perhaps 
the block total response or a randomized form of 
it [4] are procedures which have advantages over 
the randomized response techniq_ue w1 th regard to 
eliciting reliable information in certain situa
tions. 

I l This work is based on the first author's thesis 
for a B.S. degree at Cornell University. The 
authors appreciate the efforts of Dr. K. C. Rao 
for editorial help and suggestions. 
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