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I. INTRODUCTION

When conducting sample surveys of human populations, one must
contend with several sources of non-sampling bias. These include
failure to locate or visit some units in the sample, failure to
recontact the "not-at-homes", and inability of respondents to provide
the information requested (Cochran, 1965).

Two sources of non-sampling bias that may be of particular
importance when the survey involves questions about sensitive or
highly personal matters are refusal to respond (refusal bias) and
intentionally giving misleading responses (evasive answer or response bias)
(Warner, 1965). Respondents may quite naturally be reluctant to respond
truthfully when asked questions concerning, for example, some socially
deviant or illegal behavior. In sample surveys of this sort, it is
extremely important that the interviewer obtain the cooperation of
the respondent so that the data obtained will be accurate and complete.

Traditionally, cooperation has been sought by attempting to gain
the respondent's confidence and assure him of the anonymity of his
response. This approach, however, has generally not proven effective.

A far more promising approach to encouraging cooperation and truthful
replies in sample surveys of sensitive matters was introduced by
Warner (1965). This approach is known as the "randomized response
technique (RRT)".

Basically, the randomized response technique attempts to encourage
cooperation and truthful replies (and thus decrease refusal and response
bias) by allowing the respondent to select a question on a probability

basis from two or more questions, without revealing to the interviewer



which question he has chosen. Since all of the questions have the
same range of responses (e.g., "yes" or "no"), the interviewer has no
way of knowing which question is being answered. Thus, the respondent
can answer truthfully without fear of "“revealing" himself to the inter-
viewer.

In fact, since the "randomized response" approach calls for

direct answers to randomly selected questions, a more appropriate

name for the technique might be the "randomized question technique (RQT)".
However, for the purposes of this report, the name originally suggested
by Warner and subsequently adopted in later reports on the technique will
be used.

With the information provided by the respondent, along with
knowledge of the probability distribution used in the design, an
estimate of the proportion of the population with the sensitive
characteristic can be computed. If one assumes that the respondents
all answered truthfully since their privacy had been assured, then
this estimate should be unbiased with respect to response errors.

In the following sections of the report, the development of the
randomized response technique over the past decade is outlined.

Some examples of research utilizing the technique are then presented.
Finally, HSRC's attempts to apply randomized response techniques in

the field of highway safety are described.



I1. Development of the Randomized Response Technique

The Warner Design

In his initial formulation of the randomized response procedure,
Warner (1965) assumed the population sample to be divided into twp
mutually exclusive and complementary classes -- those with the sensitive
attribute (Group A) and those without (Group B). The person being
interviewed would use a randomizing device to select one of two state-
ments of the form:

I belong to Group A

I do not belong to Group A
He would then answer, "yes" or "no," whether the statement selected
was characteristic of him.

As an example, Group A might consist of individuals who have
knowingly cheated on income tax returns, while Group B might be those
who have never knowingly cheated on their returns. The randomizing device
might be a spinner that points to "A" with probability p, and "B"
with probability (1-p). If the respondent spins the spinner and it
points to "A," he must answer, "yes" or "no," whether he has ever
knowingly cheated on his income tax returns. If the spinner points
to "B," he answers, "yes" or "no," whether he has never cheated on his
returns.

If » 1is the probability of a "yes" answer, Ta the proportion of
the total population belonging to the stigmatized group, p the probability
of responding to the sensitive statement, and (1-p) the probability of

responding to the non-sensitive statement, then
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1"

Pr {"yes" answer}

Pr {spinner points to "a" and a "yes" answer given!}

+ Pr {spinner points to "B" and a "yes" answer given}

H

Pr ("A" selected) Pr (“yes"lA)
+ Pr ("B" selected) Pr ("yes"|B)

p TTA + (]'p)(]'ﬂA)

The estimated value of T is then given by

T?:L-_J_]_:R)_ p#l/
A 2p-1 2

where X is the proportion of "yes" responses actually observed.

Finally, an estimate of the variance of A is given by
Vy = Var(s,) = fﬁ‘(l—ﬂ‘-)- + %%B_?‘)r)z :

where n is the number of people participating in the survey. Note that
this estimate is actually the sum of the variance associated with |
direct questioning (assuming completely truthful replies) and the variance
due to the randomized response technique itself. Also, note that this
variance will be large when p is close to 0.5 and/or when n is small.

In considering the randomized response technique, the choice of
p is of primary importance, since it largely determines the extent to
which those interviewed are 1ikely to cooperate and respond truthfully.
The value of p also controls the sample size, n, required for a given

level of precision. Clearly, low values of p do not offer as much



information per respondent, and thus require a larger sample size
for a given level of precision. At the same time, however, high
values of p (those close to 1) are not as effective in encouraging
respondent cooperation. The respondent has the feeling that "the
deck is loaded against him." Thus, the rule for selection of p
seems to be a compromise - namely,to select it low enough to assure
cooperation, but high enough so that an extraordinarily large sample
is not necessary.

To examine the effectiveness of the randomized response technique
vs. direct questioning, Warner first assumed that individuals interviewed
with the randomized response approach would respond truthfully, but
that there would be less than truthful repdbrting if avdirect approach
were adopted. He then compared the mean,square errors (the variance
plus the square of the bias) of each apﬁroach, for various values of
p and forﬁ?g;ious probabilities of truthful reporting if questioned
direct]y.‘ He cbncluded that except for the cases where the bias using
direct questioning is negligible (i.e., near zero) there appears to be
sizable potential gains through the‘randomized response. He left
open, however, the task of determining which types of randomized response
techniques might prove most effectfve.

Since Warner first 1ntroduce&vthe randomized response procedure in
1965, there have been many attemp%s to extend, modify and improve the
technique. Generally, more has Bzen done to develop the technique
"on paper" than to apply it 1n’  e field. As will be shown later, however,
field application has not bebni neglected. In the following sections of

this paper, some of the important developments in the technique will

4
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first be reviewed, followed by a description of some field applications.

The Trichotomous
Randomized Response Model

Abul-Ela, Greenberg, and Horvitz (1967) extended the original
Warner technique to the case where the population is divided into three
mutually exclusive groups according to some characteristic, with either
one or two of these groups being stigmatizing. Let. T Mo s
and T represent the true proportions of the population in groups A,

B, and C, respectively, where
3

Z m.=1,

=1

There must be three unique probabilities of selecting the statement
characterizing each of the three groups. In addition, since two
independent, non-overlapping samples of size ny and n, are required to
estimate values of the T two different sets of randomizing probabilities
are required. Thus, if pij= the probability of selecting the statement
denoting the jth group (j =1, 2, 3) for the ith sample (i = 1, 2)where
3
then the pijmust be selected such that

(P11 = P13)(Pyy = Pog) # (Pyp = Pig){Pyy - Py3).

As in Warner (1965), mean square errors of the trichotomous

randomized response estimates were compared with mean square errors of

the regular trinomial estimates (i.e., those obtained uéing standard



direct questioning approaches) to obtain a measure of efficiency for
this technique. Contrary to Warner, however, Abul-Ela et al. did
not assume that there would be completely truthful reporting with the
randomized response design. Besides this "ideal" situation, they
also considered the case where there is less than completely truthful
reporting by both groups, but where the randomized response respondents
are at least as truthful as their direct question counterparts.

The mean square error efficiency (MSEE) was defined as the ratio
of the mean square error of the regular (direct questioning) technique
to the mean square error of the randomized technique, and calculated for
various combinations of p's along with different probabilities of completely

truthful reporting. This was done for the case where

T o= (Tr], Tos 7r3) = (.80, .05, .15).

Results showed that the trichotomous randomized response technique
has potential advantages over the direct question approach, even when
respondents are not reporting completely truthfully in either mode
of questioning. The results also indicated that the relative efficiency
of the new technique improves as the pij's progressively differ from
one-third.

The results of a field trial using the trichotomous randomized
response technique are given in Abul-Ela et al. and will be discussed

in Chapter III of this report.



The Unrelated Question Design

It seems reasonable to assume that a respondent would be more
1ikely to answer truthfully if asked to reply to one of three questions
(as in the trichotomous design described above) than to one of two
questions (as in Warner's original design). Provided there is only
one stigmatizing question, the additional question would intuitively
seem to lessen the chance of self-incrimination. Simmons (cited in Green-
berg et al., 1974) suggested a somewhat different approach to encouraging
respondent cooperation and thus improving upon the original Warner
design. He noted that the respondent might be even more truthful if
provided the opportunity of responding to either of two questions,
one of which was completely innocuous and unrelated to the stigmatizing
question. For example, the following two questions might be included in
a randomized response survey on the prevalence of shoplifting:

1) 1 have intentionally taken goods from a store without
paying for them.

2) 1 was born in North Carolina.

The theoretical framework for this unrelated question randomized
response technique was developed by Greenberg, Abul-Ela, Simmons,
and Horvitz (1969). Expressions for estimates of Ty 5 the proportion
of the population with the sensitive characteristic A, were derived for
the following two cases:

1) Ty 2 the proportion of the population with the ndn-sensitive

characteristic Y, is unknown.

2) Ty is known.



In the first case, two independent samples of size n, and Nos

1
respectively, are required to estimate Ty In addition, the
probability for choosing the sensitive question must be different
for the two samples. If pi is the probability of selecting the
sensitive question in sample i, i = 1, 2, and A; 1s the probability

of a "yes" response in sample i, then

n

Aj = pymy * (1-p1.)1TY i=1,2

From (2.1), one can derive the estimate of Ty based on the

two samples, namely

% _ >\'|(]'pz) - A2(1‘p])

A P1-P,

where Xi is the observed proportion of "yes" responses in sample

i, i =1, 2. An estimate of the variance of %A is then given by

A A 2
N Az(]'xz)(]'p]) ]
N 2

VA = Var(nA)

- 1 [X](]‘X])(]'pz)z
(p'l'pzy2

where n; is the size of sample i, i = 1, 2.

To minimize the variance and improve the efficiency of their
two sample unrelated question design, the authors made recommendations
for selecting values for certain parameters. Generally, they
suggested that (1) the non-sensitive group, Y, be such that [ﬂY-O.SI
is amaximum and Ty falls on the same side of 0.5 as Ths 2) P be

as close to 1 or 0 as possible without jeopardizing cooperation of
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the respondent; and 3) Py be chosen so that by 1 - Py I he

authors also suggested that ny and n, be selected such that the larger
portion of the total sample size would be allocated to the case

where p > 0.5 (i.e., where the respondents are more likely to be

asked the sensitive question than the non-sensitive one). Furthermore,

n and n, should be selected to satisfy the following relationship:

n2 i2(1"5:2)(1"[)'[)2

where i] and Xz are "educated guesses" for A, and A,.

Adopting these optimal parameter values for a sample case where

Py = 1 - Py = .20, Ty = .20, m, = .10, and n = 1000 (with " and n

Y 2

optimally allocated), the authors used the ratio of the mean square
errors to determine the effectiveness of the two sample unrelated
question technique vs. the original Warner design. The results
revealed that, whenever the assumed proportion of truthful responses
was at least as great for the unrelated question technique as for
the Warner design, the former was considerably more effective.

A simpler case of the unrelated question design arises when
the proportion (nY) of the population with the non-sensitive
characteristic is known in advance (i.e., case (2)). For this case,
Greenberg et al. (1969) showed that only one sample is required to
estimate the proportion of the population with the sensitive attribute,

and %A and Vﬁr(%A) are obtained as follows:
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A - (1—|3-|)7TY
TTA - p]

vV, = Var(m,) = illg?ll (where m, is given).
A AT g Y

Furthermore, the authors showed that this unrelated question
design with Ty known is even more efficient than the same design
with Ty not known, since observations are not wasted on that
sample where the probability of selecting the sensitive question is
lowest. This increase in efficiency remains even when there is some
minor error in the "known" value of my .

Finally, Greenberg et al. (1969) indicated how the unrelated
question method might be extended to account for more than two
population groups. They noted, however, that the optimal selection
of parameter values in these cases would be much more complicated
than in the binomial case.

Moors (1971) proved the validity of the various recommendations
made by Greenberg et al. for all parameter selections, with the
exception of the choice of Py when My is not known. Instead of
making P and P, sum to one, Moors showed that choosing Py = 0
resulted in a much higher precision for the original two sample
unrelated question model, and had several practical advantages as well.
When Py = 0, the unrelated question randomized response device is

employed in one of the independent samples, while the second sample
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is used solely to estimate My In this case,

~ M Uepdhy
T" =
A Py

~

since %Y = AZ.

Moors showed that, for values of my between 0.1 and 0.5,
the increase in efficiency from setting Py = 0 was about 80 percent
for p] = 0.7, 25 percent for Py = 0.8, and 5 percent for Py = 0.9.

He also showed that, even for the worst possible choice of Ty
(namely, Ty = 0.5) his "optimized unrelated question model" proved
superior to Warner's technique.

Clearly, Moors' case where an independent sample is used to
estimate an unknown wY is very similar to the case described by
Greenberg et al. (1969) where Ty is known in advance. In the former,
an "estimated" value of Ty (i.e., Xz ) is used to estimate Tp o
while in the latter, a "known" value of m, is used. Other than
this, there is no difference in the calculation of ﬁA .

Morton (cited in Greenberg, Horvitz, Abernathy, 1974) demonstrated
that, at least theoretically, two samples are never necessary since
knowledge of Ty can always be incorporated into the randomizing
device. In this approach, the respondent randomly selects one
question from a field of three, rather than two, questions. One
of these three questions deals with the sensitive characteristic,
another requires a "yes" response, and a third requires a "no" response.

Thus, this approach can be termed the "built-in unrelated question RRT."
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As an example, the randomizing device might be a plastic box
containing red, white and blue beads. The questions corresponding
to these three colors of beads might be as follows:

red: I have had an induced abortion.

white: The color of this bead is white.

biue:  The color of this bead is white.

The respondent uses the randomizing device to confidentially select
one of the three types of beads, and then answers only the question
corresponding to that color bead.

If Pys Py and P3 represent the known probabilities of selecting
a red, white or blue bead, respectively, where p] + Py + p3 =1,

then, using the same notation defined previously,

Py
YT Py
and since X = P17A + Pos
N K‘pg
TTA——E]'*-

Substituting in (2.3) the value of P, found in (2.2) and replacing

(P2 + p3) by (1 - p]), one obtains

- (]—p])'n
P

Y

A
’n’:

which is the same estimate found in the one sample unrelated question

design where Ty is known in advance. The variances likewise are

identical.
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Folsom, Greenberg, Horvitz and Abernathy (1973) introduced
an interesting variation on the general unrelated question randomized
response design when Ty is not known in advance. They termed this
model the "two alternate question RRT" since it incorporates one
sensitive question (A) and two non-sensitive, unrelated alternate

questions (Y1 and Y,) to yield two unbiased estimates of ure

5)
One samplie of respondents uses a randomizing device to select either
the sensitive question (A) or the first non-sensitive question (Y1).
This sample also responds directly to the second non-sensitive question

(Y Similarly, a second sample responds directly to the first

2)’
non-sensitive question (Y]), but also uses a randomizing device to
determine whether to answer the sensitive question (A) or the second

non-sensitive question (Y Table 2.1 illustrates this design.

2)'

Table 2.1 Randomized response technique from Folsom et al. (1973).

Sample
Survey mode 1 2
Randomized Questioning | Question A Question A
Question Y] Question Y2
Direct Questioning | Question Y2 Question Y]

Each sample yields an independent estimate of Ty The authors
showed that the optimum estimator, a weighted average of these two
estimates, has minimum variance when the two sample sizes are equal

and when the alternate questions are positively associated with the
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sensitive question. Furthermore, this estimator was found to be never
less efficient than Moors' optimized version of the two sample (one)
unrelated question design, but never more efficient than the single
sample unrelated question model with Ty known.

In summary, of the various unrelated gquestion randomized response
designs presented, Morton's "built-in unrelated question RRT" and
Greenberg's "unrelated question RRT with Ty known" would appear to
be the most effective. The next most effective unrelated question
technique would be Folsom's "two alternate question RRT," followed
by Moors' "optimized unrelated question RRT." The original unrelated
question RRT introduced by Greenberg appears to be the least effective,
but is still an improvement over the Warner design. Note, however, that
since these relationships are based solely on a comparison of mean
square errors, they do not necessarily reflect the relative effectiveness

of these techniques for obtaining information in the field This

point will be examined in a later chapter.

Two Stage Randomized Response
Schemes (TSRRS)

As discussed in previous sections, Abul-Ela et al. (1967) and
Greenberg et al. (1969) demonstrated how the randomized response technique
could be extended to the case where the population is divided into
three or more exclusive groups. Abul-Ela et al. extended Warner's
original randomized response design to the trichotomous case, while
Greenberg et al. showed how the unrelated question technique could
allow for three or more groups. In addition, Warner (1971) suggested
a competing model to that of Abul-Ela et al., based on the general

linear model.
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Recently, it was noted that the efficiency of all three of these
approaches is lowered because there is no differential application of
randomized response procedures to the stigmatized and non-stigmatized
groups (see Appendix A). Clearly, the most efficient randomized response
schemes would be those that maximize protection for individuals in the
stigmatizing groups while at the same time minimizing protection for
individuals not in the stigmatizing groups. Thus, the problem becomes one
of extracting a portion of the total sample not belonging to the stigma-
tizing group.

In order to accomplish this, a two-stage randomized response scheme
(TSRRS) was.proposed, in which the second stage is conditioned on the
individual's response in the first stage. A detailed discussion of this
approach is included as Appendix A. Two variations of TSRR's are pre-
sented. In the first scheme, information from individuals' randomized
responses to a first stage of questioning is used to elicit further infor-
mation in the second stage using direct questioning. In the second
variation of the TSRRS, the individual's direct response to the first
stage questioning serves as a basis for eliminating a portion of the sample
from a second stage, where a conventional randomized response approach is

utilized.

The Contamination Model

The various unrelated question designs described earlier represent
one Tine of approach to modifying and improving the original Warner
randomized response technique. An alternative approach was suggested
by Boruch (1972). Boruch proposed that error be introduced into the
classificatory data by presenting the respondent a single sensitive
question and instructing him to either 1ie or tell the truth depending
on the outcome of a randomization device. If ®_ and @n represent known

p
probabilities of obtaining false positive (saying they belong to the
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sensitive group when in fact they do not) and false negative replies,
respectively, then the probabillty of a "yes" response with Boruch's

contamination design is given by

Thus, Ta is estimated by

~ - P
A 1—®p-¢n

where, as earlier, X is the proportion of "yes" responses actually

observed. The estimated variance of Ta is given by

A A 1-%
Var(nA) = -

P n

>
—
(=4

In compariﬁg the effectiveness of the contamination method with
the original Warner design and the Greenberg unrelated question approach
when nYis known in advance, Boruch first determined conditions under
which the approaches would yield equivalent estimates. Thus, for
example, there is no conceptual difference between results based on the
Warner model and those based on the misclassification model when the
contamination parameters %}and Qn are both equal to the probability of
selecting the non-sensitive statement in the Warner design.

When the various conditions of equivalence are not present, Boruch
concluded that the contamination method is the most efficient in certain
restricted ranges, namely, when the population proportion with the
sensitive characteristic ( ﬂA) is either very high or very low, and when
the probability of selecting the sensitive question is not close to 0.5.
Otherwise, he concluded that the unrelated question approach withx

Y
known was the most efficient.
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Boruch proceeded to argue, however, that the contamination method
may prove more effective than any standard randomized response approach
when put to the test in the field. This would be because the subject
being interviewed would perhaps accept the process of "lying" easier than
he would the more complicated processes behind the other randomized
response approaches. Therefore, the subject should be more inclined
to cooperate and respond truthfully when questioned by the contamination
approach. Also, Boruch suggested that, since the contamination design
is based on the more familiar misclassification and error measurement
models as opposed to the Tess developed randomized response models, it
might be more readily accepted and simpler to use for the researcher.

Finally, the author suggested that the greatest use of the
contamination method may rest, not in obtaining information on sensitive
matters through personal interviews, but in overcoming problems of
disclosure associated with the use of large data banks. This is because
the method readily lends itself to the development of simple computer
programs that can generate contaminated data prior to release to the

researcher.

Multiple Trials Design

Clearly, using more than one trial per respondent will reduce
vthe variance and increase the effectiveness of a RRT. A unique approach
to incorporating the concept of multiple trials into the randomized
design was suggested by Chow and is described in Greenberg, Horvitz and
Abernathy (1974). This approach is based on a unique randomizing device
that, in a single trial, has an effect which is equivalent to that of

several trials with the Warner technique. Basically, this device consists
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of a spherical bottle or flask with a long, narrow neck, containing
beads of at lTeast two different colors. Only a given number of
beads (say k) can "line up" in the neck of the bottle at one time, and
thus the total number of beads of each color must be greater than k.
As an example, the bottle might contain nine red and six white
beads (with the red beads corresponding to the sensitive category), and
the neck might have exactly five positions, so that k = 5. During
the interview , the respondent shakes the bottle and then turns it so
that five beads enter the neck. Without letting the interviewer see
the beads and without mentioning any color, he then reports the
number of beads in the neck corresponding to the group to which he
belongs. Thus, if he belongs to the sensitive group and a total of
three red and two white beads are visible in the neck of the bottle,
his correct response is "three".
If p is the proportion of red beads and z, is the number of beads
reported by the i-th respondent (z. = 0, 1, 2..., k), then the mean

i
number of beads reported (z) will have expected value
E(Z) = TTAP + (]‘TTA)“‘p)
and Ta will be estimated by
_ n
~ - Z- 'l_ - _"—
Ly T?éiTgl where z = N < Zi
with

A

T (1-1,)
Ay TANTTTA K-k [p(1-p)
Var(wA) n R [kn 2p-1 ]
where K is the total number of beads and k the number of beads that can

move into the neck of the bottle at one time.
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Note that, for the single trial case where k = 1, this variance
is identical to the variance of the Warner technique. For larger
values of k, however, the variance associated with the bottle device
is proportionately smaller.
A modification of this approach, presented in Liu, Chow and
Mosley (1975), allows for a population which is divided into t mutually
exclusive groups. This approach requires that there be t different
color beads and that the number of beads of each color be different.
In addition, all of the beads must be able to fall into the neck of
the bottle. That is, if there are a total of m beads, then there must
be m locations along the neck. A diagram of this device, termed
"The Hopkins' Randomizing Device - Model III", is shown in Figure 2.1.
As before, the respondent shakes the bottle and allows the beads
to move into the neck. This time, however, he responds by giving the
location of the first bead from the bottom of the neck corresponding
to the group to which he belongs. For example, if there are six red (R),
three white (W),and two blue (B) beads, with red being the "sensitive"
color, and the beads fall into the neck in the order WBRRRWRRBWR, then
the correct response for a subject possessing the sensitive trait is
"three".
Liu et al. argue that such a randomizing device is particularly
applicable for obtaining discrete quantitative data, since all that is
required is a different color ball corresponding to each group or
number category. In fact, since this second "multiple trials" approach

readily allows for t > 2 groups of any sort, it might most appropriately

be viewed as an alternative to other multichotomous designs.
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' Randomizing Device - Model III"

"The Hopkins
JASA, 70, p. 330

(

Figure 2.1.
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Comparison of Randomized
Response Techniques

Greenberg et al. (1974) compare the effectiveness of six different
randomized response designs in estimating the proportion of a
population with a sensitive characteristic. The designs compared are
the "Warner design”, the "single unrelated question design" with
Ty known, the "two unrelated questions design” (Folsom), the "contamina-
tion design", and two variations of the "multiple trials designs".

A "design effect” is computed for each of the six designs, which
is the ratio of the variance of the design to the mean square error
of the estimated proportion obtained by directly questioning the same
number of respondents. These design effects are computed for various
combinations of T (.05, .10, 20, .40 ), p ( .90, .80, .70, .50) and
sample size n (100, 400, 800). It was assumed that certain proportions
(.50, .70, .80, .90, 1.00) of the respondents with the sensitive
characteristic would not answer truthfully if questioned directly,
but that all respondents with the sensitive characteristic would
answer truthfully when questioned with a randomizing technique. Also,
it was assumed that respondents not belonging to the sensitive group
would always answer truthfully.

Results of the comparisons indicate that the initial "Warner
design" is far less efficient than the other randomized response
designs, but that no design is superior for all combinations of
e P, and n. The "single unrelated question design" with Ty
known was slightly more efficient than the "two unrelated questions design"

with Ty unknown. And, while the "multiple trials designs" were more
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efficient than the "unrelated question designs" for higher values of Ths
they were less efficient for lower vaiues of e The "contamination
design" was generally less efficient than the "unrelated question" or
"multiple trials designs", but still much more efficient than the

"Warner design".

As might be expected, the effectiveness of randomized response
techniques relative to direct questioning increases as the proportion of
respondents who would not answer truthfully when questioned directly
increases. The effectiveness of these techniques also increase as
the sample size increases, and as the probability of selecting the
sensitive question increases. Finally, the effectiveness of
randomized response techniques relative to direct questioning were
shown to increase as m the proportion of the population with the
sensitive characteristic, increases from 0.05 to 0.40. Presumably,
for levels of T greater than 0.40, a randomized technique would not be
necessary since there would be 1little, if any, stigma attached to
belonging to the "sensitive" group.

Greenberg et al. conclude that, whenever there is a chance that the
respondent will hot answer a direct question truthfully, use of a
randomized response technique should be considered. However, they suggest
that the particular randomized response technique employed (outside of
the Warner technique) is not as critical as values selected for the
probability of selecting the sensitive question (p) and the sample

size (n).
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Perhaps even more important than whether or not a randomized response
design appears effective "on paper" is whether or not it "works" in the
field. The purpose of any randomized response technique is to encourage
the respondent being interviewed on a sensitive subject matter to
cooperate and respond truthfully. Thus, the only way to directly
ascertain the utility of a design that looks attractive on paper is to
test it in the field on a question that might be validated in sohe other
way. Obviously, a randomized response technique which is perceived by
the respondent as an attempt to trick or deceive is not going to be
as effective in the field as another randomizing technique that is more
easily understood and readily accepted.

When comparing the relative field effectiveness of different
randomized response techniques, one must also consider the varying
effects of subject matter, respondent populations, methods of
presentation, etc. A particular randomized response technique may
work very well in one setting, but be completely ineffective in
another. Thus, the overall relative effectiveness standings of
techniques might be expected to vary with alterations in the field
environment.

Chapter III describes some of the field research that has been
conducted using the randomized response technique, and points out some

of the limitations of this survey approach.



II1. FIELD APPLICATIONS OF THE RANDOMIZED RESPONSE TECHNIQUE

Introduction

While there has been considerable theoretical advancement in
randomized response methodology, until recently there were relatively
few reports documenting use of the technique in actual data collection.
Such field investigations are essential for evaluating the true effec-
tiveness of the technique in obtaining reliable data on sensitive
topics.

In the past, field investigations of randomized response techniques
have taken several forms.Much of the earlier research was aimed at
directly testing the effectiveness of a particular RRT in obtaining
truthful responses for a given topic and from a given population.

These studies compared the results obtained with the randomized response
methods to corresponding results from an independent source. Other

more recent randomized response studies have been conducted to secure
information previously unobtainable. While these studies do not
constitute a direct test of the effectiveness of the techniques, they
usually give some indication of the practicality of employing various
randomized response techniques in certain areas of investigation.

Still other studies have been conducted primarily to obtain public
reaction and to test the general feasibility of new randomized response
techniques, randomizing devices, etc. And finally, there have been a

few attempts to compare the field effectiveness of various randomized
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response and direct question approaches.
Following is a description of some of the more significant
research directed at testing the field effectiveness of various randomized
response techniques.
Applications in Areas of

I1legitimacy, Abortions
and Extramarital Sex

Abul-Ela, Greenberg
and Horvitz (1967).

One of the earliest applications of the randomized response
technique is briefly reported by Abul-Ela et al. (1967) and involves
the initial trial of the trichotomous randomized response model.

The objective of the study was to test the effectiveness of the
technique in estimating the proportion of unwed mothers in North
Carolina who had had a reported live birth between October, 1964

and October, 1965. The three groups used for the trichotomous design
were 1) females married at time they became pregnant, 2) females who
married during pregnancy, and 3) females still unwed at time of
delivery. Over 3,000 households were contacted by some 31 interviewers.
The randomizing device emp]éyed was a deck of cards.

Estimates of illegitimacy were computed for the total sample
and by race, residence (urban - rural), and educational level.

These results were compared with known information obtained from
birth certificates. While the authors do not present any figures on

this comparison, they do make some conclusions regarding future use
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of the randomized response technique. These include a warning against
using cards as a randomizing device except by skilled interviewers

and intelligent respondents, along with a recommendation that,
regardless of the randomizing device used, interviewers understand

the technique and appreciate its purpose. The authors also note

that bias was quite evident in their survey due to non-randomized
response and inaccurate reporting by respondents. Thus, this early
test of a randomized response technique was certainly not altogether
successful.

Greenberg, Abul-Ela,
Simmons and Horvitz (1969).

A field test of the unrelated question randomized response design
was reported by Greenberg et al. (1969) in conjunction with the
development of the technique. The test was conducted during the fall
of 1965, before recommendations had been developed for optimal
choices of m (proportion having the non-sensitive characteristic)
and sample size allocation. This study was also directed at estimating
the frequency of illegitimate births. The authors investigated a
sample of 148 households for which information on marital status
of mother was available. The sensitive statement in this case
was, "There was a baby born in this household after January 1, 1965,
to an unmarried woman who was 1living here." The non-sensitive,
unrelated statement was, "I was born in North Carolina." Respondents
answered, "“true" or "false", to whichever statement was selected

using an unreported randomizing device.
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In contrast to the previously reviewed study on illegitimacy,
results of this study showed amazing accuracy in estimating the
frequency of illegitimacy in the households contacted. For example,
the proportion of illegitimacy among white respondents sampled
was 7.7 percent according to information on birth certificates,
and 7.4 percent as estimated by the randomized response technique. The
slight underestimate of illegitimacy rates in these and other studies
is not surprising. Provided that the stigmatizing question is indeed
perceived as such by the respondent, then it would be expected that
the RRT would never overestimate the proportion of the population
with the stigmatizing attribute. That is, those responding to the
stigmatizing question would never say that they belonged to the
stigmatizing group when in fact they did not. At the same time,
however, they might still be reluctant to respond correctly when
indeed they did belong to this stigmatizing group.

Abernathy, Greenberg
and Horvitz (1970).

In this study, the authors ysed the single sample, unrelated

question randomized response technique (=, known) to estimate the

Y
proportion of women 18-24 years of age having an abortion during
the previous year. They also used a two sample, unrelated question
design to estimate the proportion of women 18 years of age and over
who had ever had an abortion. The estimates were based on two

non-overlapping samples involving approximately 2900 eligible women

residing in central, urban North Carolina.
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The particular randomized response device employed was one
developed by Greenberg in conjunction with earlier research on the
randomized response technique. Briefly, this device consists of a
sealed transparent plastic box containing different color beads.

If the randomized response design is a dichotomous model (e.g., the
single, unrelated question design), there are two different color
beads; if it is a trichomous model (e.g., Abul-Ela et al., 1967),
there are three different color beads, etc. The sensitive and non-
sensitive questions are printed on a piece of paper covering

the 1id of the box. Each question is coded by one of the bead colors.
The respondent shakes the box, and allows one of the beads to

move up a built-in ramp and appear in a "window" clearly outlined

in one corner of the box. He then answers only the question
corresponding to the color of the bead in the window. Thus, the
number of beads of each color determines the probability of selecting
a given question. A diagram of this "box~and-bead" device is shown
in Figure 3.1.

For Abernathy et al's study of induced abortion rates, the
sensitive statement for one sample was, "I was pregnant at some time
during the past 12 months and had an abortion which ended the pregnancy,"
while the sensitive statement for the other sample was, "At some
time during my life I had an abortion which ended the pregnancy."

For both samples, the non-sensitive statement (for which there was

an independent estimate) was, "I was born in the month of April."
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Figure 3.1. The "box-and-bead" randomizing device.
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The randomizing device employed in each sample contained 35 red and 15
blue beads, where the red beads were associated with the sensitive
statement.

Prior to the randomized response portion of the interview,
steps were taken to establish rapport between respondent and interviewer.
The randomized response technique and rationale behind its use was
explained, along with the necessity of field testing. The inter-
viewer also provided an opportunity for the respondent to familiarize
herself with the randomizing device.

Results of the investigation were used to compute estimates
of the proportion of women having an abortion either during the
past year or during their lTifetime. These estimates were presented
for the total population, as well as by race, marital status,
age category and educational level. While there were no direct
data with which to compare these results (and hence the effectiveness
of the survey technique), the estimates were generally in line with
available rates reported in other studies on abortion.

In addition, an indication of the acceptance of this survey
technique was obtained from questioning the respondents themselves.
Shortly before the randomized response portion of the interview,
respondents were asked whether or not they felt one of their friends
would answer truthfully if asked by an interviewer if she had ever
had an abortion. At the conclusion of the interview, respondents

were questioned whether they believed other people would think there
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was a trick to the box or that the interviewer could know which
question was being answered. Responses to these questions generally
showed a remarkable degree 6f faith in the technique, and clearly
indicated the utility of employing such a technique when seeking
information on a topic as sensitive as abortion. In response to the
preliminary question on whether a friend would truthfully answer

a direct question on abortion, 67 percent reported "no," 17 percent

reported "yes," and 16 percent were undecided. Regarding the post-
randomized response questions, 60 percent of the respondents felt

that the randomized approach would not reveal their personal situation,
20 percent felt it would, and another 20 percent were undecided.

The authors concluded that these results "clearly indicate that the
randomized response procedure is a worthwhile tool in the hands of the
survey designer."

Finally, it should be noted that this particular study on abortion
was actually part of a large-scale 1968 field survey, which yielded
data on several additional topics, including oral contraceptive use
and emotional problems. These findings are reported in Greenberg,
Abernathy, and Horvitz (1970).

Krétki and Fox (1974).

A comprehensive fertility study which replicated many aspects of
the Greenberg et al (1970) study, was conducted by Krotki and Fox
(1974) at the University of Alberta. The 1,045 women surveyed were
either questioned in a standard interview situation, questioned using a

randomized response procedure, or given an anaonymous mail-back question-
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naire. The questions covered such topics as abortion, tlhlegitimacy.,
pre-marital sexual intercourse and use of contraceptives. In addition,
opinions concerning use of the RRT were ellicited from those interviewed
with that approach, using basically the same set of questions as in
the North Carolina field survey.

Results revealed that there was "a greater tendency for women to
report 'sensitive' events if the questions were randomized than if
they are part of a self-administered questionnaire, and a greater ten-
dency in both of these cases than in the standard interview situation."
The response rate for the RRT was also substantially higher than for
the mail-back questionnaire. This finding might be expected, however,

since those interviewed represented a "captured audience."

In response to the opinion questions on the RRT, the Alberta resi-
dents were more doubtful than the North Carolinians about the legiti-
macy of the technique (only 58 percent were sure that their privacy
had been guaranteed), and generally more willing to answer the sensitive
questions directly (e.g., some 68 percent thought their friends would
respond to a direct question on abortion). In fact, the authors noted
that one perceptive interviewer had reported that "only a few of her
interviewees did not indicate the question they were answering in the
RRT 'game'". These findings led the authors to reduce their estimation

of the importance of the randomized response method.

Liu, Chow and Mosley (1975).

As discussed in Chapter II, the Hopkin's Randomizing Device
is readily applicable to questions involving grouped quantitative

data. To test the field use of the device, Liu et al. (1975) recently
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conducted a (limited) field survey directed at estimating the number
of partners, other than their legally married spouse, with whom a
group of 34 male and female graduate students had had sexual relations
in their lifetime. There were four different color balls in the
flask, corresponding to the following four mutually exclusive

1) Those who had ne?er had such an experience.

2) Those who had had such an experience with one partner.

! 3) Those who had had such an experience with two partners.

4) Those who had had such an experience with three or more
partners.

Results were presented, but there was no discussion of their
appropriateness or of subjects' reactions to being interviewed with
the new technique. In truth, with its small sample base, the only
conclusions that could possibly be derived from the study would be
feelings of the appropriateness of the technique, based on the reactions
of those interviewed. It seems reasonable that the "numerical"
results of any randomized response study based on such a small sample
size would be of 1ittle value since the proportion indeed answering
the sensitive question might easily differ considerably from the
expected proportion based on the setup of the randomizing device.

Greenberg, Kuebler,
Abernathy and Horvitz (1971).

Greenberg et al. were the first to apply the randomized response
technique to obtain quantitative, non-categorical data. Using two
samples of respondents and a modification of the unrelated question
randomized response technique, they estimated the mean number of
abortions in a population of women in urban North Carolina along

with the mean income of heads of households.
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The questions pertaining to the abortion issue were:
1) How many abortions have you had during your lifetime?

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

And the questions on income were:

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 household your size earns in a year?

Note that, in each of these sets of questions, responses to the
non-sensitive and sensitive questions are in the same unit of measure
and have roughly equivalent ranges, thereby encouraging respondent
cooperation.

Over 900 women were interviewed regarding the abortion issue
while an independent sample of 1600 women were asked to respond to
the income questions. The randomizing device employed with both
samples was the plastic box and bead device described in connection
with the Abernathy et al. (1970) study.

Estimates of mean number of abortions and mean income were
computed for the sample as a whole and for whites and non-whites
separately. The details of the computation procedure are thoroughly
discussed in the report (see JASA, 66, p. 244-245). Basically,
however, the authors noted that for each topic, the problem was one
of statistically separating the two "pure" distributions (corresponding
to responses to either the sensitive or non-sensitive questions)
from the overall distribution of responses obtained. Once the sensitive
and non-sensitive distributions are separated, then it is a "simple"

process to calculate the mean and variance of each.
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The results of the study appeared reasonable, and reflected expected
white - non-white trends. Also, the authors noted that only 1 percent
of those contacted for the abortion issue refused to respond, while
only 3 percent refused to cooperate with the income interview. These
relatively low refusal rates indicate that the randomized response
technique might be an effective approach in securing quantitative (as
well as qualitative) data in situations requiring subject questioning
on such "sensitive" issues as abortions and income.

Applications in Drinking-
Driving Area

Gerstel, Moore, Folsom
and King (1970).

From 1970-1973, a series of four personal interview surveys on
drinking - driving attitudes was conducted as part of a drinking -
driving countermeasure program in Mecklenberg County, North Carolina.
The surveys were directed at obtaining baseline and follow-up
information on variations in drinking - driving characteristics of a
representative sample of some 1500 residents. The results of the
first of these surveys are documented in Gerstel, Moore, Folsom and
King (1970).

For this survey, both direct questioning and randomized response
approaches were used to obtain true - false responses to the
following two statements:

1) During the past year, I have received one or more
citations or tickets for serious traffic violations such
as speeding, reckless or drunken driving.

2) During the past year, I have driven an automobile within
an hour after having as many as four alcoholic drinks.
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The particular randomized response technique employed was the
"built-in unrelated question technique" suggested by Morton as cited in
Greenberg et al. (197 ). The randomizing device used was the plastic
box-and-bead device which, in this study, contained 35 red beads, 6 white
beads, and 9 blue beads. The red beads corresponded to the sensitive
statement, while the white beads corresponded to the (true) statement,
"This bead is white," and the blue beads corresponded to the (false)
statement, "This bead is white".

A comparison of the direct question and randomized response
reporting rates revealed that respondents were more willing to admit
that the two sensitive statements were characteristic of them if
questioned with a randomized response technique. This was especially
so for males, where percentage increase in reporting jumped from 11.8
to 20.5 percent, and from 20.4 to 35.0 percent for the serious viola-
tion and driving-after-drinking questions, respectively. Thus, the
randomized response technique appears to have had a positive effect
on truthful reporting for this study.

Folsom, Greenberg, Horvitz,
and Abernathy (1973).

Folsom, et al. (1973) report on a 1971 field application of the
two alternate questions randomized response model, also conducted in
conjunction with the drinking - driving surveys in Mecklenberg County,
North Carolina. Using as the sampling frame the population of drivers
16 years of age and older who were not alcohol abstainers, the authors
used the two alternate question randomized response technique to

estimate the percentage of drivers responsible for an automobile accident
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during the previous year.

Each person interviewed was asked to toss a coin, and, if the
coin landed "heads up", to respond to the sensitive statement or, if it
landed "tails up", to respond to one of two non-sensitive statements.
The sensitive statement was, "I had an automobile accident during the
past year in which I was at fault", while the non-sensitive statements
were:

1) 1 was born in the month of April.
2) I lived in North Carolina but not in Mecklenberg County
in 1966.

The response rate for the over 400 individuals contacted was
virtually 100 percent. Results were presented, but no discussion of
the appropriateness of the estimates or problems with the technique was
included. This is perhaps not unexpected since the study was intended
primarily to be an application rather than a test of the technique.

Folsom (1974).

Encouraged by the apparently successful application of the
randomized response technique in the Mecklenberg County drinking and
driving attitude surveys, Folsom (1974) designed a randomized response
validation study. This study was aimed at comparing direct questioning
and randomized response reporting rates for driving under the influence
of alcohol.

The randomizing device employed was a plastic box containing red,
white and blue beads. The red beads corresponded to the sensitive
question, "Have you been arrested for driving under the influence of
alcohol during the past year?". The white and blue beads both corresponded

to the non-sensitive question, "Is the bead in the window blue?".
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Knowledge Of'"Y was incorporated into the randomizing device, and thus
the particular randomized response design being tested was the "built-
in unrelated question RRT."

There were two different randomizing devices, corresponding to two
different proportions of red, white and blue beads. In the "blue"
randomizing device, there were 35 red, 4 white and 11 blue beads, while
in the "yellow" randomizing device, the number of blue and white beads
were reversed so that there were 35 red, 11 white and 4 blue beads.

The target population for the study were persons residing in
the surrounding three county area who had been arrested for driving under
the influence (DUI) during the previous eight months. In addition,
some 90 individuals who had not been arrested for DUI were included to
give a total sample size of 900. Each sample member was assigned to one
of three groups, according to whether he would be questioned directly
(16.7 percent), questioned using the "blue" randomizing device

(33.3 percent) or questioned using the "yellow" randomizing device

(50.0 percent).

For each respondent questioned using the randomized response
technique, a "trail" run preceded the actual test run, and both
responses were recorded. Based on the proportion of beads in each
of the randomizing devices, the probability that two "yes" responses
indicated at least one affirmative answer to the sensitive question

was 0.95 for the "blue" device, and 0.99 for the "yellow" device.
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Results from 283 individuals who eventually responded to the
DUI question failed to support use of the randomized response approach
over direct questioning for the particular population/topic of this
study. Using the driving record for validation, Folsom found that
84.0% of those directly questioned correctly reported that they had
been arrested for DUI over the past year, but (assuming that the
randomizing device functioned properly) only 71.6% of those questioned
with one of the randomized response methods reported their true situa-
tion.

After discussing several factors that might have contributed to
such an outcome, the author concluded that efforts to optimize the
precision of the randomizing device (e.g., by recording response on
trial runs, using a high proportion of beads corresponding to the
sensitive question, etc.), along with limiting its use to a single
very sensitive area may have seriously jeopardized the credibility of

the method.

Application in Drug Usage Area

In contrast, a recent study by Goodstadt and Gruson (1975)
does appear to support use of a randomized response approach over
direct questioning. This study was directed at estimating usage of
various drugs by high school students, using both traditional direct
questioning and the two sample unrelated question randomized response

approach (“Y not known).
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Questionnaires presenting a series of drug-related questions
were randomly distributed to over 800 high school students in Ontario,
Canada. The stigmatizing question asked the number of times over the
past months the student had used each of six different drugs. The
corresponding non-sensitive question asked the number of times during
the same period the student had (1) watched TV, (2) visited a library,
(3) visited a museum, or (4) attended a play, (5) a rock concert, or
(6) a classical concert. Approximately half of the students were asked
to respond directly to the drug usage question. The remaining
students were divided into two groups and asked to use the last digit
of their telephone number as a randomizing device for determining whether
they would answer the sensitive or non-sensitive question. For one group,
the sensitive question was answered if this number was a 0, 1 or 2, and
the non-sensitive question answered if it was between 3 and 9. For the
second group, the instructions were reversed, so that students whose
telephone number ended in a digit between 3 and 9 answered the §ensit1ve
question, while those whose number ended in a 0, 1 or 2 answered the
non-sensitive question.

The results from 840 completed questionnaires supported the authors'
hypothesis that estimates of reported drug use derived from the randomized
response procedure would be "significnatly higher" than those obtained by
the traditional direct questioning approach. Not only did more students
report using drugs, but they also reported more frequent drug use when
questioned with the randomized response technique. Moreover, there
was a much lower refusal rate among those questioned with the randomized

response approach.
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Results of the survey generally did not support a second hypothesis,
namely, that the randomized response procedure would prove even more
effective when asking about the more socially sensitive drugs (e.qg.,
hallucinogens as opposed to alcohol). The authors concluded that self-
reported drug use may be significantly underestimated when standard

inquiry procedures are utilized.

Summary

In the field applications reviewed, the randomized response technique
was used to obtain information on illegitimacy and abortion rates, use
of the contraceptive pill, emotional problems, income levels, pre- and
extramarital sexual behavior, frequency of serious traffic violations
(including driving after drinking), accident liability, DUI (driving
under the influence of alcohol) arrests, and drug usage. In addition,
randomized response techniques have been used to investigate such topics
as organized crime, voting behavior, and unreported deaths.

Results of these studies seem to indicate that randomized response
techniques can be effective tools for obtaining information on such
sensitive topics. However, this effectiveness is clearly dependent on
~a number of factors. These include the particular topic being investigated,
the population involved and the randomized response technique employed.

Also important are the choice of relevant parameters (including values

of p, sample size allocations, etc.), the selection of the randomizing
device (e.g., beads, cards or coin toss), and the choice of the interviewing
procedures (including any explanation of the RRT, justification for its

use, etc.),

Generally, when compared with direct questioning, randomized response
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procedures seem most effective when used to investigate the more sensitive
topics. Also, it seems that the simplicity of the randomizing device
and the readiness of its acceptance by the respondent are key determinants
of the effectiveness of the technique.

One of the greatest disadvantages of the RRT, at least at this
stage of its development, is its dependence on 'face-to-face" interview-
ing situations. This dependence decreases the cost effectiveness of
the technique when compared with more standard interviewing procedures
which can operate via telephone, mail, etc.

Clearly, if a direct questioning procedure can be used with suffi-
cient accuracy, then it should be used -- not a RRT. The RRT was designed

for use in situations where direct questioning could not be used, i.e.,

in sensitive areas where it is impractical to ask the question directly.
In this respect, it is not really in competition with direct questioning.

Along this line, it is conceivable that as society becomes more and
more "open" regarding certain issues, there would be less need for inter-
viewing techniques such as the RRT. Indeed, this was suggested in the
Alberta Families Study (Kr6tk1 and Fox, 1974). Thus, a number of years
ago a randomized response approach might have been the only practical
way of obtaining information on, say, illegitimate births. Now, however,
the direct questioning method seems quite sufficient for many such
issues,

In way of summary, research on the RRT has demonstrated that the
technique can be successfully applied. However, succesS is by no means
guaranteed, as evidenced by several of the studies reviewed. If the RRT

is to be applied extensively in future survey situations, then additional
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field research is needed to refine the technique. Presently, there is
a great deal of "uncertainty" associated with the RRT, which 1imits its
usefulness.

The concluding chapter of this report describes HSRC's attempt to
further extend the application of the RRT in the area of highway safety,
by using the technique primarily to obtain information on seat belt

usage.



IV. HSRC'S APPLICATIONS OF THE RANDOMIZED RESPONSE TECHNIQUE

HSRC employed the randomized response technique in conjunction with
an investigation of safety belt usage and effectiveness. In order to
determine the true effectiveness of safety belts in reducing injuries
from accidents, one must have reliable information on both seat belt
usage and level of injury. In the past, measures of belt usage and
injﬁry have most frequently been obtained from the police accident report
files. This data source is not entirely satisfactory, however, since it
has been shown that independent investigations of belt usage and of
injury level for a given sample of accident victims can yield widely discre-
pant results. Clearly, failure to account for these misclassification
errors when using police report information will produce erroneous measures
of seat belt effectiveness.

An alternative to using police report information for measures of
belt usage is to contact each individual in the accident sample and ask
him if he was wearing his seat belt at the time of the accident. If the
sample is quite large, however, this approach is too time consuming and
costly. Also, there is the matter of assuring that those contacted are
responding truthfully to the inquiry.

If belt usage by accident victims is indeed a relatively sensitive
issue (perhaps because of insurance implications), it would seem reason-
able to utilize a randomized response approach at least on a trial basis.
This can be done on a relatively small but representative sample of the

accident population. If successful, the results can then be used to
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determine an improved estimate of belt usage for the entire population.
This process of estimating a Bernoulli parameter from a sample of mis-
classified responses (the accident report information) and a subsample of
randomized responses is described in detail in Appendix B.

Following are descriptions of three independent efforts by HSRC to
utilize the randomized response technique to examine errors in seat belt
usage reporting as found on the accident report form, and to demonstrate
the usefulness of the technique as applied to a highway safety problem.
The initial plan was to test the technique on a small sample and then, if
this proved successful, to conduct a randomized response study of greater
magnitude to allow for adjusting seat belt usage data for the entire
accident population under study. Accordingly, the initial subsamples
selected were relatively small and not necessarily representative. Unfor-
tunately, as will be seen, the results of the various pilot studies by

no means warranted further extension of these efforts!

Randomized Response Pilot Study #1

As stated ea§11er, the three randomized response pilot studies were
directed at comparing police-reported belt usage with belt usage rates
obtained using a RRT for selected samples of drivers who had recently
been involved in accidents. The sample for the initial pilot study con-
sisted of some 108 drivers in the Chapel Hill and Raleigh-Durham areas
of North Carolina. The particular randomized response technique employed
was the unrelated question technique (1Ty not known). The randomizing
device was primarily the box-and-bead device used in the RTI studies,
although a deck of cards was used as an aTternative for a number of

respondents.
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This initial pilot study was afflicted by several practical problems.
One of these was locating the materials needed to assemble the plastic
box-and-bead randomizing devices. Several such devices were obtained
from RTI for use in the pilot study. Anticipating a larger, follow-on
study, efforts were made to secure the necessary ingredients (clear
plastic boxes, anti-static beads in two colors, wooden ramps). This proved
more than a minor task. Perhaps, fortunately, the results of the pilot
surveys using the RRT in the area of belt usage among accident victims
obviated the need of obtaining a sizable number of these box-and-bead
devices.

The major problem affliicting this first pilot study was the extreme
difficulty experienced in contacting the 108 sample individuals for an
interview. This might have been anticipated, as these were people
involved in accidents! The names and addresses of these individuals,
along with information on seat belt usage, was obtained from recent acci-
dent report forms supplied by the local police departments. The plan was
to contact these individuals via telephone to arrange a personal ("face to
face") interview. The following phone conversation served as a guide:

"Hello (name of person contacted). I am (interviewer's

name) with the University of North Carolina, Highway Safety

Research Center. In cooperation with the Chapel Hill Police

Department, we have been given the names of people who were

recently involved in accidents in this area. As part of a

pilot survey, we are experimenting with a visual question-

naire technique for the National Highway Traffic Safety

Administration. We are interested in obtaining accurate

information about accidents. It would be very helpful if

I could see you for about 10 or 15 minutes sometime in the

next day or two to answer these questions. Can you suggest

a good time for us tomeet? .................

Good. May I have directions to find you? ..............

Let me give you my name again along with my telephone number
in case you have a change of plans. Thank you."
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If an individual's name was not listed in the directory, as is often
the case especially in university towns, the following alternatives were
utilized:

1) Call information operator.

2) For women, check the directory for the same street address
to obtain husband's or father's telephone number.

3) Call registered owner of vehicle, even if not the driver.

Once a telephone number was obtained, several attempts to reach the individ-
ual were made at different times of the day. If a party was successfully
contacted, an interview was arranged for the earliest convenient time.

Initially, only those individuals in the immediate Chapel Hill area
were to be contacted. However, this area is characterized by a dispro-
portionately large number of students who proved to be especially diffi-
cult to reach and, once contacted, unreliable in keeping interview appoint-
ments. As a result, the pilot study was extended to include individuals
residing in the Raleigh-Durham area as well. Unfortunately, results here
were not much better!

OQut of the total of 108 potential respondents, 71 or 65.7% could not
be reached. Another 15 (13.9%) were contacted, but for various reasons
never interviewed. Only 22 individuals, or roughly 20% of the original
sample, were successfully contacted and interviewed, and 7 of these could
only be interviewed over the phone. These results are presented with
some further breakdowns in Table 1.

The "sensitive" question for those interviewed was, "Were you wear-
ing your seat belt during your recent accident?"” When asked over the
phone, this question was always prefaced by the statement, "You don't
have to answer this particular question if you don't want to", and no

randomizing technique was employed.
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Table 4.7. HSRC Pilot Study #1

Respondents:
Not reached
No listing or number not in service
Incorrect or unpublished number
Busy, not at home

Reached, but not interviewed
Unable to schedule interview
(including refusals)
Interview scheduled but subject

did not show

Interviewed
Using randomizing device
Directly questioned over phone

Total

71

15

35
30

(65.7%)

(13.9%)
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For the 15 individuals who were actually interviewed using the
RRT, 5 chose to use the box-and-bead device, while 10 selected the card
device. For both devices, the probability of selecting the belt usage
question was the same. For the box-and-bead device, there were 30 red
and 10 blue beads (with red corresponding to the belt usage question), and
for the card device, the belt usage question appeared on 3 out of every
4 cards. Thus the probability of selecting the critical question with
either device was 0.75.

Since this first pilot study was intended only as a test of the
method, no formal analysis of the results was attempted. Indeed, none
could have been made, since the single small sample did not allow for an
estimate of the population proportion with the non-sensitive characteris-
tic.

O0f some value, however, were the reactions and comments elicited
by the randomized response technique. The prevailing attitude of those
interviewed seemed to be, "If you want to know whether or not I was wear-
ing my seat belt, why don't you just ask me?" Respondents generally did
not seem to understand why the randomized response technique was being
used, and some even thought it "ridiculous" that the interviewer would
go to such lengths to allow them to "shake the plastic box" or "pick a
card". |

Thus, the general indication from this initial pilot study was
that seat belt usage was not a sensitive enough issue to warrant use of
the randomized response technique. Before abandoming the project,

however, HSRC decided to try a considerably different and less expensive

approach to using a RRT to obtain estimates of seat belt usage. These

efforts are recorded in the following section.
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Randomized Response Pilot Study #2

The second randomized response pilot study was designed to overcome
some of the difficulties encountered in the initial investigation. Perhaps
the greatest of these difficulties was making the initial contact with
the person to be interviewed. This was because only the person's name
and address was included on the accident report form, and correct tele-
phone numbers were very difficult to obtain. Accordingly, it was decided
to avoid the situation entirely by devising a randomized response tech-
nique that could be carried out through the mail. Furthermore, since
the issue of seat belt usage did not seem to be sufficiently stigmatizing
to warrant use of a randomized response technique, two additional questions
pertaining to speeding and drinking were included.

In order to allow for a trichotomous response to these issues, a
two-stage randomized response scheme (TSRRS) was needed (see Appendix A).
A penny was selected as the randomizing device, since pennies are
readily available, cheap, and easily distributed through the mail.

A copy of the entire questionnaire for this second randomized
response pilot study is included as Appendix C. These questionnaires
were mailed to a sample of 204 drivers in the Triangle area (Chapel
Hi11, Raleigh, Durham) who had been involved in accidents during the
previous'month. The names and addresses of these individuals were
obtained from public records maintained by the Department of Motor
Vehicles. Only those individuals for whom information on seat belt
usage was available were included in the sample.

Response to the efforts of this second pilot study was likewise

very discouraging. Out of the 204 questionnaires mailed, only 37, or
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18.1% were returned. Furthermore, only 9 of these, or less than 25%
of those returned, were evidently completed correctly. Eighteen, or
approximately half of the individuals who responded to the survey, gave
direct responses to the questions (i.e., they did not follow directions).
Indications of such direct responses included underscoring the question
being answered, writing out the response instead of marking the appro-
priate space, drawing lines to the question answered, and various written
comments. In addition, 2 of the 37 questionnaires were returned blank,
and another 8 included a mixture of "correct", direct, and blank responses.
Perhaps more enlightening were the comments offered by the respon-
dents. Ten respondents gave their own account or description of their
accident. Seven indicated that they were confused by the questionnaire,
or thought it rather "stupid" or "ridiculous". Another three respondents
expressed hostility towards the questionnaire, with one even returning the
the penny! And finally, seven individuals questioned the purpose of
the questionnaire and/or use of the randomized response technique.
Generally, it seemed particularly difficult for respondents to
accept that HSRC truly was interested in the overall distribution of the
responses to the three questions(from which the desired estimates could
be derived)and not in specific replies to the questions or actual
accounts of what happened. Clearly, the randomized response technique
is not easily explainable by mail. Use of the two stage technique
undoubtedly contributed to the misunderstandings in this particular study.
With these lessons learned, HSRC planned and executed one final

pilot study of the randomized response technique.
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Randomized Response Pilot Study #3

For this final pilot study, every effort was made to make the ran-
domized response questionnaire as simple and clear as possible. Only a
single question on seat belt usage was included, and a simple one-stage
design was utilized. In addition, the cover letter specifically requested
that the respondent follow the directions given, even if he did not
mind answering directly. See Appendix D for a sample questionnaire.

In an attempt to make the issue of seat belt usage more sensitive,
and hence more applicable to use of a randomized response technique, only
individuals driving 1974 model cars at the time of the accident were
included in the sample population. It was thought that these individuals
might be more reluctant to admit not wearing their belt, since this would
indicate that the interlock system had been disconnected. A statewide
sample of 63 such drivers was obtained from the North Carolina Department
of Motor Vehicles.

Since HSRC was interested in determining if respondents were follow-
ing the randomized response directions, as well as if individual reports
of belt usage differed from police reports, a method was devised to allow
a check on this without requiring respondents' names on the questionnaires.
Instead of using names, each individual was uniquely coded according to
the particular size and color paper of his questionnaire. Thus, for each
form returned, it was known whether the month or birth or seat belt question
should have been answered, and whether police had reported "belt" or
"no belt" for that individual.

Unfortunately, results of the pilot study were only slightly more

encouraging then results of the previous studies. Of the 63 questionnaires
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mailed, only 16, or 25.47, were returned. Provided directions were
correctly followed, 12 of these were responses to the belt usage question,
and 4 responses to the non-sensitive month-of-birth question. Regarding

the belt usage question, the driver report (i.e., response on questionnaire)
agreed in all cases with the police report (4 belt wearers - 8 non-wearers).

Regarding the 5 responses to the month-of-birth question, one
individual responded incorrectly, indicating that he probably was giving
a direct response to the seat belt question. While this was the only
case of clear misunderstanding of the randomized response technique, 4
other individuals did indicate the question to which they were responding,
thus showing some misunderstanding of the instructions.

In conclusion, it appears from this and the two pilot studies pre-
viously described that the randomized response technique cannot be
effectively used to determine safety belt usage of individuals involved
in accidents. One primary reason is that the issue of belt usage does
not appear to be sufficiently sensitive to warrant use of such a sophis-
ticated technique. Also, there is the added difficulty of locating the
designated individual or, if conducting the study via mail, adequately
but concisely explaining the technique. Thus, while the randomized
response technique may be effectively applied in other areas of highway
safety, it would not appear to be effective in the area of seat belt

investigations.



V. DISCUSSION AND RECOMMENDATIONS

The original intent of HSRC's investigation of the randomized
response technique was to apply the technique to an appropriate sub-
sample of accident-involved individuals, in order to investigate
classification and response errors and biases in estimating belt
usage rates and injury reduction capabilities. To this end, three
pilot studies were conducted, and some additional theory developed
(see Appendices A and B). However, as has been noted, none of the
pilot studies warranted a full-scale extension.

A lack of sensitivity in the subject matter (i.e., seat belt
usage) was obviously a key reason for this failure. But even if the
subject matter had been appropriate, the successful application of
the technique would still have been severely restricted by the
tremendous difficulty in contacting the subjects and obtaining their
responses. This same problem was cited by Folsom (1974) in his report
on DUI arrest%, and indeed is characteristic of human surveys where a
re-designated population must be contacted.

Primarily for this reason, HSRC feels that further development of
the RRT might best be directed at extending it beyond the "face-to-
face" encounter situation, so that it can be adequately explained and
applied over the telephone, via mail, etc. While there are certain
research situations that may require face-to-face interviews, the RRT
would have much greater applicability if it could be effectively applied
on the larger scale made possible by mail questionnaires, telephone
surveys, and the Tike. Not only would such an extension enable more

subjects to be contacted, but it would do so at reduced costs and time.
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The final application described in Chapter Il, a 1975 study of
student drug usage by Goodstadt and Gruson, was a step in this
direction. In this apparently successful field study, a RRT was
collectively applied to a group of subjects, each provided with "a
detailed example of the completed procedure with instructions."

The randomizing device (last digit of the subject's telephone number)
was appropriately selected for self administration. Although there
was someone present to administer the questionnaire, each subject
could complete the form on his own, provided he could read and follow
directions.

Obviously, an advantage in the above study is that the subjects
were part of a "captured audience." Particularly in the field of
highway safety research, this will seldom be the case. However, it
is conceivable that a similar questionnaire could be successfully
administered over the phone or via mail.

A problem that then arises, though, is that of motivating the subjects
to respond. Certainly, this was a very real problem for the two HSRC
mail questionnaire studies. Thus, there are at least three additional
parameters which must be considered in extending the RRT for use through
the public media . These include:

1) Producing an adequate verbal or written explanation of

the technique, including directions that are relatively
easy to follow.

2) Selecting an appropriate randomizing device (i.e., one

that is inexpensive, readily available and easy to
apply, as well as not loaded against the respondent).

3) Providing sufficient motivation for subjects to
respond (especially when relying on the mail).
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In summary, HSRC recommends that further research on RRT be directed
at its practical application,with emphasis on extending it beyond the
usual face-to-face interview situation. While the technique may have
the most potential in certain areas of social and psychological research,
HSRC does not feel that the technique is too promising in the field of
highway safety research. The issues in this field are generally not of
a highly sensitive and personal nature, and when human surveys are called

for, a direct questioning technique would appear to prove more effective.
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APPENDIX A

TWO STAGE RANDOMIZED RESPONSE SCHEMES
FOR ESTIMATING A MULTINOMIAL*

Introduction

Warner's (1965) original randomized response technique
for dichotomous data was extended by Abul-Ela et al. (1967) to the
case of a multinomial with t > 3 groups, r of which are stigmatizing.
A competing approach for estimating a multinomial via the randomized
response technique is discussed by Warner (1971). Yet a third
approach for the multinomial is considered by Greenberg et al. (1969)
and is based on using an alternate independent question.

The purpose of this paper is to outline some alternative schemes
for estimating the t group proportions when r < t - 1, using only one
sample. Their realizations for any sampled individual constitute two-
stage schemes. The second stage is conditional on the random individ-
ual's response in the first stage.

First, the three existing models are briefly summarized to pro-
vide a reference for development of the new procedures and resulting
estimators. These new schemes are then identified as special cases of
Warner's (1971) general linear randomized response model, thereby
yeilding alternative estimators based on modified generalized least

squares method due to Zellner (1962).

* Published in Communications in Statistics, 4 (11), 1021-1032 (1975)
by Yosef Hochberg.
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Summary of Three Existing Models

(1) The Approach in Abdel-Latif A. Abul-Ela et al. (1907),

Let T be the population proportion of the i-th group, i = 1,...,t,

Z;Bl my o= 1. Put m: (t-1) x 1 = (m m_ .)'. This approach uses

TEERREL I
t-1 samples as follows. A matrix (pij): (t-1) x t = (Bl""’pt) has

t

to be determined such that Zj=1 pij

=1 for 1 = 1,...,t-1 and P: (t-1) x
- - - — - ]

(t-1) (gl PesseosPi1 Et) is non-singular. The pij s determine the

randomized scheme here, where pij is the chance for an individual in the

i-th sample to randomly select the question: '"Are you in group j?" |

i=1,,..,t=1; j=1,...,t. Let n, denote the i~th sample size,

i R

denote the number of 'yes' responses in the i-th sample, and put

41 Pe-1,1
d = T e -;;——L— . It is easily verified that the MLE's of the
- 1 t-1

ﬂi's are given by

1 t-1
f=Pc, f =1- y R

~ =li

where ¢ = d - P,

(2) The Approach in Warner (1971),

This is a special case of Warner's (1971) general 'linear random-
ized response model.' In the general setup a simple random sample of
size m is drawn and for the i-th individual in the sample the realiza-
tion X, = t x 1 of a random vector X cannot be observed. Rather, one
observes Zi: qx1ls= Iifi’ i=1,...,m, where the Ii: q x p's are ran-
dom independent matrices and independent of the X 's. Assuming that

the expectations of the T,6's are known, the problem is that of estimating

i
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the expectation vector of x. Warner (1971) discusses generalized least
squares estimates for the mean vector of x. For the problem of esti-
mating a multinomial Warner proposes the following scheme. Let X, =

(xil,...,xit)', where x,, = 1 or 0 according as the i-th individual

ij
belongs to the j-th group or not. Here q = t, where Ii for all i=1,...,m,
is the random t x t matrix whose possible configurations are formed by
permuting the columns of the t x t identity matrix. Then the random
transform amounts to directing the individual's response according to

which group he is in depending on the random (unknown to the interviewer)

realizations of the Ti's.

(3) The Approach in Greenberg et al. (1969).

This approach is very similar to the first. [t is obtained from
the first by giving a zero chance for an individual in any of the samples

to be faced with the question: "Are you in group t?" and instead replaces

this question by an alternate question, '"Do you possess characteristic Y?"
q y q s

., were formed.

where Y is unrelated to the characteristic by which Tyse .

This is a modification of the dichotomous unrelated question randomized
response model. If ﬁY (proportion in population of individuals with
characteristic Y) is known, only t - 1 samples are necessary to estimate
the ﬂi's; otherwise, t samples are required.
Two observations follow:
1. These three procedures are all quite involved. First, in all of them
inversion of matrices must take place. Also, the task of choosing

the pij's and n,'s in first and third methods and the chance prob-

i

abilities attached to the various realizations of the Ti's in the second

method is difficult since no guiding theory exists.
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2., In all these schemes there is a loss in efficiency resulting from
their low sensitivity to the relation between r and t. Clearly, good
randomized response schemes give protection to individuals in stig-
matizing groups while minimizing protection (i.e., removing uncertainty)
for individuals in non-stigmatizing groups. The ability to design
such efficient schemes depends very much on the relations between r
and t. This is clarified in the next section where two new schemes are
outlined, with a double stage interview of an individual where the
second stage depends on the random individual's response in the first
stage. Thus, these procedures will be referred to as: Two Stage

Randomized Response Schemes or —-- TSRRS.

Two Stage Randomized Response Schemes (TSRRS)

The case r = 1 is treated first, and without loss in generality the

first group is assumed to be the stigmatizing one.
Scheme 1. Take a simple random sample of n individuals. Use a ran-
domization device which gives a chance p for an individual to be faced
with the question: '"Are you in group 1?" and chance 1 - p to be com-
manded to say the word "yes.'" This is the first stage. All individ-
uals who answered '"no" in this.stage, say, o/ of them,are directly
asked in the second stage: "In what group are you?" since, clearly,
they don't belong to the stigmatizing group. All other n - n, indi-

viduals who answered "yes'" are protected. For these individuals there

is no second stage. Let n, denote the number of individuals among the

ng who responded '"no" in the first stage, who identified themselves as

belonging to group i = 2,3,...,t. Let A denote the probability of a

"no" response in the first stage.

A=p( - ﬂl)
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Ihie MLE est tmate of A\

1}
lo n atid Chun the MLE o0 o«

1
%o
fl.=1-—
1 1 np
Now, conditional on n (nz,n3,...,nt)' where t

is a multinomial with cell probabilities

Thus the estimates of the population proportions of the non-stigma-

tizing groups are given by

) =5 1= 2,3,...,t.

These estimates are unbiased

E[ER, [n)] = E]_"i% | _
1o (l-ﬂl)pn =Ty

n(l"“l)P
Ef) = 1’T' 1

The variances are given by

1-71)@@-p+pm)
Var(ﬁl) = 1 1

np

Var(ﬁi) = E[Var(ﬁl|no)] + Var[E(ﬁi|no)]
2
"i(l - - “1) N m (L -p+ P“l)
1 - m)pn (1 - ™)pn

T on . 1=2,3,...,t.
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Scheme 2, This is the scheme used in the first mail questionnaire survey
reported in Chapter IV. 1In the first stage, a direct question is pre-
sented to all individuals in the sample: "Are you in group 3?7, 47?,...,t?
or in either 1+2? Let n1 be the number of those who fell in group

i, i =3,4,...,t, and n be the number of those in either the first or

1,2

second group. All nl’2 individuals then undergo a second stage in which

a randomized scheme is used in order to estimate ﬂj/(ﬂl+- ﬂz), j=1,2,
The second stage is then a conditional randomized response scheme for
dichotomous data and one may use any of the available techniques for this
stage. The scheme used here is where one chooses P1sPysPy for the chances
that an individual undertaking the second stage will have to answer the

question "Are you in group 17", will have to say '"yes'", or will have
y g

to say ''mo", respectively. Clearly, pl+p2+p3=l. Here

Ny
ﬁi = i=3,4,...,t

which are the best possible estimates of these unknown quantities. Let

m, denote the number of individuals who say '"yes'" in the second stage.

1
"
Then, estimate ———— from the relation
m, + 7
1 2
, nl ‘. 2 my .
1 T + Ty 2 nl,2
n m m n P n
1,2 1 1 1,272 1,2
= ——1s - PRGN S T-N-NEP - S S S
Thus ﬁll n ( n o, p2)/p1 np, 3 T n 1
»

The ﬁi's for i = 3,4,...,t are clearly unblased and have mlni-

mum variance. The ﬁi' i = 1,2, are unbiased.
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E[E(ﬁllnl,z)] = E =T,

hence E(ﬁz) =T,

Var(fi,) = E[Var(ﬁl|n1,2)] + Var[E(ﬁllnl,z)]

T, + T m, T
_ 1 2 1 _ 1 _
= 7 oy 7 v el - ey T - Ryl
n py 1 2 1 2
2
!
+ o — (1 - T, - 7.)
(nl + ﬂz)n 1 2

These TSRRS's are now generalized tor > 1, r < t - 1.

Scheme 1. Without loss of generality, assume that the r stigmatizing
groups are the first r. Let Pi be the probability provided by some
randomizing mechanism that an individual will be questioned: "Are you
in group i?" and 1 - Pi be the chance that he will have to say: 'yes'",
i=1,...,r. Let N0 denote the number of individuals in the sample who
responded with a "no" to all r questions. These N, individuals are
clearly not in any stigmatizing group and thus a second stage in which
they are asked to reveal their group is appropriate. All other N - No
individuals are protected.

Let Ai denote the probability of a "yes' response on the i-th

question, i = 1,...,r, and let o, be the number of 'yes" responses for

i
the i-th question

A= mp tl-p, 1= 1.,

(o)
A possible estimate of Ai is ﬁl, i=1,...,r, yielding



-68-

n, +n(p, - 1)
£, = i 1 y i=1,...,r.
i n pi

O
[Note, ﬁi-as an estimate of Ai is unbiased and asymptotically best,

based on the asymptotic normality of the oi's. For finite samples the

common distribution of the oi's is not simple.]

Let Ni denote the number of individuals among the N0 who
reported that they belong to the i-th group in the second stage,

i=r+,...,t. Since, conditional on No’ (N ..,Nt) is a

r+1’°

multinomial with cell proportions ﬂ:+1,...,ﬂ:, where

L
Wﬁ =TT T L =r+l,...,t

Yoo

v=r+1
then
Ni i
f, = — 1 - f£,) , 1i=r1r+l,...,t.
i No j=1 3

These estimates are unbiased. The individual variances can be computed
in a manner similar to the above. However, care must be taken of the

covariances among the ﬁj's.

Wy .

Scheme 2. Form the groups (ﬂl +n,+ T, + ...+ .

2 3 . Tra1?? Tpgpreee

In the first stage ask the individuals directly to which of these t - r

groups they belong. (It is understood that m

i o
1 s not too low to

bias an individual's response.)
Let Nl 41 be the number of individuals who i1dentified themselves
H]

in the combined first r + 1 groups. Denote by Ni the number of those
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who identified themselves in the i~th group, 1 = r+2,...,t.

Let pil’piZ’p13 be the chances that an individual among the Ni,r+l
will have to: answer the question "Are you in group i?"; say '"yes';
say "no", i = 1,...,r.

Let Oi be the probability of a "yes'" response to the i-th 'ques-

tion' in second stage, and let u, be the number of such a response to

i

that 'question.' Possible estimators of the Gi's are

, 1 =1,...,r.

From equating Oi = pil + Pyo» i=1,...,r, one obtains

u

1

..p _
N N 120y o Ny Py
ﬁi =~ = N , 1 =1,...,r.
Pi1 Piy
£ = Nrn - i ®

r+l N =1 i’

The Relation to Warner's (1971) General Linear Model

On identifying the TSRRS's described above as special cases of Warner's
(1971) general linear randomized response model one may obtain alternative
estimators based on Zellner's (1962) modified generalized least squares

estimates. Following are three examples.

Example 1: Suppose t = 3, r = 1 and the first group is the stigmatizing
one. Here, the second scheme is demonstrated, using Warner's (1965)

original approach for randomizing in the second stage.
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(1,0,0)"' Ty
= t -
X, (0,1,0) ﬂz , 1 1,...,N
(0,0,1)°' (N
Choose Ti as a 2x3 random matrix with distribution
1 0 0
0o o1 P
T y 1=1, sN
e r g o,
0 0 1
0,00 m (1-p) + pm,
- ' - =
I = (1,0) P + T,(1-p) , 1= 1,...,N
0,1)" 4
where

P is the randomization chance in the second stage; (0,1) denotes identi-
fication of an individual with the third group in the first stage; (1,0)
is the response 'yes,' from an individual in the second stage; while (0,0)

is a 'no' response from individuals who undertook a second stage.

Example 2: Here, the second scheme is demonstrated when r = 1, t = 3 as

above,but when an alternate question on a characteristic Y is used in the
second stage to randomize with probability p ((1-p)) an answer to the

question: '"Are you in group 1?" ("do you have characteristic Y?'"). Using

same yi's with same interpretation as in Example 1 yields the following:

- t
Ql 00000 LY

]
(010000) LU

Y3 y 1 =1,...,N

(000100)
(0ooo010)
kSO cooo1)!

. {(001000)' T

(l—nY)Tr1
(l—TrY)n2
(1—nY)n3



r
[} 001
0010
T-i={
~ E.l 00
0010
\
(0,0)' TP+
¥ = (1,00 P +
o, Ty

Example 3:

t =4 and r =

2 (the first two).
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(1—P)(1—nY\(ﬂl+ﬂ2)
(l—p)'nY(TTlHTZ) ’ i

This final example demonstrates the first scheme where

On letting 'l' refer to a 'yes'

answer, '0' to a 'mo' answer and the position in a vector to the

individual's group

(100
(010
(001
(000

0)
0)
0)
1

3 3 3 33

SN

(1—pl)(1—p2) + pl(l—pz)'nl + (1—p1)p2172
(1’P1)p2(1'“2) +pPM
(l-pz)pl(l—ﬂl) + pyP,T,

b
(1100)
(L0 OO0
yy =q@10 0)
(0010) PP
(000 1) PP
(1
0
0
0
1
1
4 0
0
T =
~i 1
0
0
1Q
[T
1
0
0

2™3
2"

COFHH COHM CORO OORO
oo lboroilrocod

COHHF OO0k OOKFHFO OFROO

eX=N

, 1 =1,...

»N
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In all TSRRS's the distributlons ot the Ii'r; are the same tor altl
i=1,...,N. Hence, as discussed in Warner (1971) p. 885, the applica-

tion of Zellner's (1962) method is easy.

Additional Comments

Another approach which appears to be a compromise between the
two TSRRS's given above for r > 1 is as follows: First, use a ran-
domizing device for choosing between the question, "Are you in any
stigmatizing group?" or arbitrarily answering '"yes." Those who say
"yes' are then asked several more randomized questions, as in the
first stage of Scheme 1 where r > 1.

Also, as noted above, when 1 < r < t - 1, the estimates are
justified by large sample theory. A very convenient tool for the
analysis of data in such designs (and in more complicated sampling
schemes which combine responses to direct and randomized questions)
is the least squares approach as discussed for general categorical

data in Grizzle et al. (1969). This has been noted in Folsom et al.

(1973), p. 530.



APPENDIX B

ESTIMATING A BERNOULLI PARAMETER FROM A SAMPLE OF
MISCLASSIFIED RESPONSES AND A SUBSAMPLE
OF RANDOMIZED RESPONSES

Introduction

It appears that, in the various publications on the use of the
Randomized Response Technique (RRT), it has always been assumed that
the experimenter has available to him only the sample of randomized
responses from which to draw inferences. However, in many applica-
tions, the randomized response technique is used when an original,
usually relatively large, sample is available. 1If this original
sample is based on misclassified responses due to some stigma in the
issues under study, then a subsample of individuals can be taken from
the original sample (with the individual possibly misclassified
responses available) for application of the randomized response tech-
nique.

This appendix discusses some efficient methods for estimating the
Bernoulli parameter of a stigmatizing response, based on the simul-
taneous classification of the sub-sampled individuals according to
their misclassified and randomized responses, along with the original

total sample of responses, some of which are misclassified.
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The Double Sampling Technique

Tenenbein (1970) proposed a double sampling technique for the
problem of estimation using categorical data which is subject to mis-
classification errors. His approach is based on the model in Bross
(1954) for misclassification errors. The following experimental
situation 1s assumed. There are two classification devices available.
One device is expensive to apply and gives correct results. The
other device is relatively inexpensive but fallible. Such experi-
mental situations were considered by many other writers, e.g.,

Diamond and Lilienfeld (1962), where the true expensive classifica-
tion device is a physician's examination whereas the fallible classi-
fier is a questionnaire completed by the patient. The double sampling
scheme involves the following steps:

a. Obtain the fallible classifications on a '"large"
number of units (say, N).

b. Obtain, in addition, the true classifications on a
subsample of n out of the N units,

c. Combine (a) and (b) efficiently for estimating the
Bernoulli parameter under study.

Note that in many problems, stage (a) might simply amount to access-—
ing an existing file (e.g., statewide accident file).

In many experimental situations, there is no exact device for
measuring the true response. Often only the individual knows the
true response. If the response has a stigmatizing nature, estimates
based on a direct questionnaire are biased due to errors of misclassi-
fication. A reasonable approach in such cases would be to use the

randomized response technique on a subsample of individuals in phase

(b).



-75-

Clearly, the two-stage approach will be more efficient than
using only the randomized responsce subsample when the sample of phase
(a) is readily available. In other cases, the double sampling plan
might still be considered a good strategy depending on certain para-
meters. This is discussed in the following section.

A Double Sampling Plan with Misclassified
and Randomized Responses

Introduction and notation.

The randomized response procedure to be used in this discussion
is the one that uses an unrelated question of a known proportion.
This technique can always be used by artificially forming responses
with known probabilities (see Greenberg et al, 1974).

The data in the subsample can be summarized as in Table B.l.

Table B.1l. Frequencies in the subsample.

Misclassified Responses

No Yes Total

R .
andomized No nOO n01 no.
Response
Yes nlO nll nl
Total n.O n’1 n

A "Yes" and "No" for the misclassified responses implies belong-
ing or not to the stigmatizing group, respectively. The "Yes" and
"No" for the randomized response are the literal responses when the

individual is asked, '"Do you belong to the stigmatizing group?" with
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probability pl and, with probability 1-p, he is asked an unrelated

question which has probability w of a "Yes" response and 1-w of a

"No" response. Both 0<p<l and 0<w<l are assumed known.
Corresponding to Table B.1l. is the following table of popula-

tion proportions:

Table B.2. Population proportions

Misclassified Responses

No Yes Total

Randomized No BOO 801 1-A
Responses
Yes Bo  Bi1 A
Total 1-¢ o) 1

On letting a denote the probability that the fallible classi-

0,1
fier gives '"No" when the truth is "Yes'", letting a4 9 denote the

b
reverse error, and letting T denote the true proportion of individuals

in the stigmatizing group, the following relationships obtain:

A= pl + (1-p)w

Boo = (l-ﬂ)(1—a1,0)[p+(l—p)(l-W)] + ﬂao,l(l-p)(l—w)
Byy = T(1-ag ) (1-p) (1-w) + (I-may glp + (1-p) (1-w)]
Big = (l—ﬂ)(l—al,o)(l-p)w + ﬂao,l[p + (1-p)w]

Byy = ﬂ(l-ao,l)[p + (1-p)w] + (1-w)a1’0(1-p)w.
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The N-n remaining individuals for which information is only

available from the fallible classifier can be represented as follows:

Frequency Y X N-n
Expected Proportion 1-¢ o) 1

Maximum likelihood estimates

of qul’ al,O’ and .
First, let
£ = B,,/¢d = Conditional probability of getting a "Yes"
11 .
for the randomized response when the
fallible response is "Yes".
Y = Blo/(l—¢) = Conditional probability of getting a

"Yes" for the randomized response when
the fallible response is '"No".

The common probability distribution function of X, Y, Nyo° Mo

ny, and n11 is given by

X+n Y+n n n n n
(constant)d  LT(1-¢) O¢ Mgy Oy 10y 00

The maximum likelihood estimators (MLE) of ¢, £, ¥ are given by

~ ~

$, £, ¥, respectively, where

]
+
3
—
Y
|
‘ =]
—
j—
<>
i}
| =]
=
[an]

(8.1)

>
il
2z
o]
=]

Now, since (¢, £, ¥) 1:1 (A, £, ¥), the MLE (X) of A is
obtained from

A= 98+ (1-9)Y
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by substituting values of $, 2, and @ from (B.1) to give

Then, the MLE (ﬁ) of T can easily be obtained by solving for 7 in

A = prm+ (1-p)w

A

and substituting A for A as follows:

A

7= Ao U-pw él' )w (8.2)
To obtain the MLE's of ao 1 and al 0 consider the following:
- Bl i ﬂ(l—ao’l)[p+(l-p)W]+(l—ﬂ)al’O(l-p)w
¢ ¢
v - Bio i} (l-ﬁ)(l-allp)(1—p)W+ﬂaQ)1[p+(l—p)W]
1-¢ 1-¢

On letting 8 = (£,¥)"',

F 1 (p+(1-p)w] ] C-mlp+(1-p)w]  (1-m) (1-p) (1-w)
¢ ) ¢
b = ’ A =
(1-m) (L-p)w T[p+(1-p)w] -(1=m) (1-p)w
LT 1 - - 1-¢ 1-0 -
and o' = (aO,l al,O)’ it follows that

a = AN(e-b) (8.3)

A ~ ~

Substituting ¢, &, ¥, and

>

for ¢, £, ¥, and 7 in (B.3) yields the
MLE (o) of a. (It is easily verified that A is non-singular provided

w# %))
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The asymptotic variance of m.

"N A P
The asymptotic covariance matrix of (¢, &, ¥) is the inverse

of the corresponding information matrix. It can be verified that

”~

$, E, Y are asymptotically independent and

Var($) - 9(1-9)

N

oy _ EQ1-E)
Var(f) = 20

¥(1-¥)

Var(@) = 2(1=0)

Since A = ¢& + (1-9)¥, one can obtain the asymptotic variance

by X by linearization, which gives

o(1-¢)  ¢E(1-€  (1-p)¥(1-Y)

V) = (E-9)2 — t——— + . (B.4)

~ A
From this expression and the relation between A and 7T (i.e.,

T = A-(1-p)w ), the asymptotic variance of T is obtained.

P
Next, the variance of A can be expressed in terms of the ao 1
b
and al,O' First, let
60 17 Conditional probability of getting a '"No"
bl

response on the fallible classifier when
the randomized response is "Yes."

91 0= Conditional probability of getting a "Yes"
’ response on the fallible classifier when
the randomized response is "No."
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1t then follows, as in Tenenbein (1970), that

~ A(1=)) A(L-A) ; [A(1-)) 12 ,
VOO = — E"¢(1-¢) (1'60,1‘91,0)] * wease %,170,0
Using any two of the four identities involving the Bij's,
i,j = 0,1, straightforward computations give
pr(1l-m) (o, _+a 0)+(A-ﬂp)(1—k)+pﬂ(n-x)
o, +06 o = 0.1 1,
0,1 1,0 A(1-)) (B.6)
Also,
r(1l-m)
1-86,17%,0 = Py U %,17%,0
which can now be substituted in (B.5) to give
A(1-2)
o _ N 2 TTL].—TT) ’lT(l-'Tf) _ _ 2
Voo = [ P" 5(i=e) Aoy (17%,17%1,0 1
T(1l-m) w(1-T)
2 _ 2
+p N 5 (1=9) (l~a0’1 al,O) (B.7)

It is interesting to note the following:

(i) If p=1 (i.e., A = m), this case reduces to
that of Tenenbein (1970).

(ii) 1If O0<p<l and no error is involved in using the
fallible classifier, one does not get V(A) =
pzﬂ(l-ﬂ)/N, because in such a case A is not the
MLE of A. 1In this case £ and Y are fixed
constants

3
¥

p+ (1-p)w

(1-p)w.

(B.5)

Clearly the MLE for 7 in this case is that of ¢ with variance ﬂ(l—ﬂ)/N.
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The least squares approach,

The estimators considered thus far are MLE's, similar to
those in Tenenbein (1970). Consider now the least squares estima-
tors (LSE) based on Grizzle et al. (1969). These are obtained
along the lines of Koch et al. (1972)., The strategy here is to

obtain LSE's of the Bij's from which the estimators of A, ao 1 and
>

al,O are obtained.
Let
' =
n (nggs Mgy» Myor Ppp)e
N o= (Y,X)
p = (n/n)
By = (/(¥-n)
P' -

g T (P_" PI:])-
Then
E(Eé) = (n',m)
where 7' = (BOO’ BOl’ 810’ Bll) and 1\ = (1-,9).

The covariance matrix of p, is given by

Pg

(O_-m7')/n 0:4x2

V(p,) = B .
~G 0:2x4 (DTT -m.m.)/(N-n) | ,

where Da is diagonal with a as the elements on the diagonal. Let

-

0 0
1

— O O
=000
[N eNoNoNo

(Symmetric)

P OOOOoOO
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and write F = éEG' Next let the model be E(F) = XB, where
1 0 0
_ 0 1 0
X = 0 0 1
0 1 1
and B = (BOl, 810’ Bll). The LSE of B is given by
b=8= v txvily
where XF = é'y(pc)é, The resulting estimated covariance of b is
- vo—loy—-1
Vo= XV

Having obtained the estimates of the Bij's (§01=b1, 610=b2,

Bll=b3 and BOO=1—801—810—811=1—b1—b2—b3), one obtains
A=BlO+Bll’ ¢=801+ 11 Finally, m, aO,l and al,O are derived as

previously with the MLE's.

The coefficient of reliability and
efficiency of the two-stage procedure.

The discussion here is based on the MLE in order to parallel
the development given in Tenenbein (1970). Let kR denote the
squared correlation coefficient between the randomized and the
fallible responses (where 1 and 0 are attached to "Yes'" and '"No",
respectively).

One obtains
A(1-2) ,
kR = Famey 01,07%,1)
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On letting kT denote the squared correlation between the true and

the fallible responses,

m(1l~-m)
- il 2
ke = e 7%,0™%,1)
As in Tenenbein (1970), using (B.5) and the relationship between

N A
A and ™, one obtains

L1 +2k ) . (B.8)

If only the randomized responses are utilized, (B.8) reduces to

A(1-N)
ATA)

v(m) = np

To study the efficiency of the two stage procedure versus
the use of only the randomized responses for equal cost, one must
first obtain the best allocation of observations, i.e., that
allocation which achieves minimum V(%) for a given cost. This is
equivalent to minimizing V(X) for a given cost which follows along
the line of Tenenbein (1970). Thus, on letting cm and c. be the
costs per unit sampling of a misclassified response and of a ran-

domized response, respectively, R = cr/c , R =n/N, and
m

Wl ]

the best allocation is

RE
R [Rfo+;] i N= (ng-mR
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= d
where ng (,O/cr and C

son of the two methods can thus be conducted along the lines of

0 is the total available cost. The compari-
Tennenbein (1970) and thus will not be pursued here. Similarly,
for a three stage-type sampling as in Tenenbein (1971), where a
pilot sample is taken to estimate kR which then determines the
best allocation.

Note that since n<N, for any kR>0 the double sampling plan is
more efficient when cost is not considered (as is approximately
the case when the total sample of misclassified responses are
already available on file). It is interesting to compare the effi-

ciency of V(%) with that of V(%) for that important case. Since

v(m) a
e = efficiency = ~ = 1-kR(1_ ﬁg
v(m)

the efficiency (e) depends on kR and n/N., However, kR is clearly

a function of p, w, a and .

0,1 %1,0
In any particular problem, the possibility of biased estimates
resulting from randomized responses should also be considered.
Since there are so many parameters, the various tables are not con-
sidered here. However, in any specific problem the experimenter
should make a decision, based on an appropriate pilot study, regard-

ing the course of action to be taken, namely

(i) Use only the sampling of misclassified responses.
(ii) Use only the randomized responses.

(iii) Use the double sampling scheme.
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Such a decision should be based on one's best guesses of the

following: relative costs, m, the errors a the bias in

0,1° %1,0°

the randomized response estimators, and the parameters p and w.



APPENDIX C

Cover Letter and Questionnaire for
Randomized Response Pilot Study #2
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THE UNIVERSITY OF NORTH CAROLINA
HIGHWAY SAFETY RESEARCH CENTER

CHAPBL HILL 27514

TO: Nortn Carolina drivers involved in accidents in December 1974
FROM: The University of North Carolina Highway Safety Research Center
DATE: January 9, 1975

SUBJECT: Highway safety

The Highway Safety Research Center, in cooperation with the U.S.
Department of Transportation, is studying certain aspects of highway
crashes. Obviously, the accident-involved driver is the best source
of such information. To locate drivers involved in recent accidents,
we randomly sampled December accident reports from the State files which
contain records of all highway accidents occurring in North Carolina.

We would very much appreciate your cooperation in completing this brief
experimental questionnaire.

The questions involve speed, seat belt usage, and possible alcohol
involvement. As these questions are rather sensitive to most persons,
you will be asked to use a coin-flipping experiment which will guarantee
the confidentiality of your response (as you will see later).

t
ﬁbéﬁﬁ? "a penny for your thoughts"

We are completely dependent on the help and cooperation of people
like yourself if we are to find out more about accidents and thus help
drivers avoid accidents. If for any reason you do not wish to participate
in this survey, you of course need not do so. However, if you do respond,
do not put your name on the questionnaire or on the enclosed envelope.

In any event, the penny 1s yours with our gratitude. If you have any
questions, please call HSRC collect at (919) 933-2202 and refer to the
"Randomized Rasponse Survey."

THE UNIVERSITY OFF NORTH CAROLINA comprises: {he Unirervty of Narth Casoling at Aiheville,
The University of North Carolineg at Chapel Hill, The Univeristy of North Carolina at Charlotte,
The Universivy of North Carolina at Greensboro; The Univeriity of North Caroling at Wilmington,
North Cerolina Siste Universisy at Ralesgh
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QUESTIONNAIRE

Please read each question completely and then follow the instructions below.

I. What was your speed just before your accident occurred?

(A) More than 5 mph UNDER the speed 1imit (for example,
you were traveling below 30 mph in a 35 mph zone)?

(B) WITHIN 5 mph of the speed limit (for example, you
were traveling 38 mph in a 35 mph speed zone)?

(C) More than 5 mph OVER the speed limit (for example,
you were traveling over 40 mph in a 35 mph speed zone)?

Did you choose answer (B)? Yes No

If "Yes", continue to Question II. If "No", flip the enclosed
penny 2 times and, in the space provided below, if 2 HEADS
appear, answer Question (A) above; otherwise if 1 HEAD, 1 Tail

or 2 TAILS appear, answer Question (C) above.

Yes No

II. Had you been drinking before your accident?
(A) T had no alcoholic beverages before my accident.

(B) I only had one drink in the two hour period before my
accident.

(C) T had more than one drink in the two hour period before
my accident.

Did you choose answer (B)? Yes No

If "Yes", continue to Question III. If "No", flip the enclosed
penny 2 times and, in the space provided below, if 2 HEADS
appear, answer Question (A) above; otherwise if 1 HEAD, 1 TAIL

or 2 TAILS appear, answer Question (C) above.

Yes No
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ITI. Was your car equipped with lap and shoulder belts? Yes No

If no, lap belts only? Yes No

If your car did not have any seat belts, you are finished. Otherwise,
please answer the following question.
What safety belts were you wearing at the time of the accident?

(A) Lap and shoulder belts.

(B) Lap belt only.

(C) No belt.

Did you choose answer (B)? Yes No

If "Yes", you are finished. If "No", flip the enclosed penny 2
times and, in the space provided below, if 2 HEADS appear, answer
Question (A) above; otherwise if 1 HEAD, 1 TAIL or 2 TAILS appear,

answer Question (C) above.

Yes No

Do you have any questions or comments?

Thank you very much for your cooperation.



APPENDIX D
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THE UNIVERSITY OF NORTH CAROLINA
HIGHWAY SAFETY RESEARCH CENTER
CHAPEL HILL, NORTH CAROLINA 27514

April 18, 1975

Dear North Carolina driver:

The University of North Carolina Highway Safety Research
Center is studying seat belt usage among North Carolina drivers
who have been recently involved in accidents. The questionnaire
may look somewhat strange or unusual. The design, which is called
the "randomized response technique,"” has been used before in
statistical studies where it was thought the questions might be
too personal to ask directly. We feel some people may find our
seat belt questions somewhat touchy to answer directly so we are
using the randomized response technique here.

Even if you would not mind answering this questionnaire
directly, please follow the directions given so that we might be
able to judge the effectiveness of this method as applied to
questions about highway safety.

There is no need to place your name on the questionnaire or
the envelope, for we are not interested in individual responses
but only in the overall group response.

If you have any questions on this survey or about the Highway
Safety Research Center, please call (919) 933-2202 collect and refer
to the "Randomized Response Survey."

Thank you for your cooperation.

THE UNIVERSITY OF NORTH CAROLINA - Willium O Friday, President
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SEAT BELT USAGE QUESTIONNAIRE

Read all three parts before attempting to
answer in the box at right.

IF you were born in either March

or April, write "yes helr‘e\\\\\\\\.k
IF you were born in either

November or December, write A—__’,,,———”'

no'" here

OTHERWISE, answer the following
question:

Were you wearing your seat
belts when you had your
recent accident?

We appreciate your cooperation. Please return this
sheet in the enclosed stamped self-addressed envelope.
It will help us greatly both in studying the effective-
ness of seat belts and determining the usefulness of
questionnaires of this type.

Comments:






