The Korean Communications
in Statistics Vol. 4, No. 3, 1997
pp- 735 - 741

A New Mail Survey Method for Sensitive Character
without Using Randomization Devicel)
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Abstract

In the present paper, we propose a new randomization device free mail survey
method. The estimator based on proposed model is unbiased and more efficient than
the estimator based on Singh, Mangat and Singh model( SMS-model)(1993) when

7<{1/2 , and more protective than SMS-model in view of the protection of privacy
regardless of the values of 7 and xy only if we count the number of say 'Yes’

from the respondents. However, If we consider the respondents that say 'No’, the
SMS—-model 1s more protective than our model.

1. Introduction

The randomizing response (RR) procedure to procure trustworthy data for estimating the
proportion 7@ of the population belonging to a sensitive group was first introduced by

Warner(1965). Since then, many people have developed the method. Especially Chaudhuri and
Mukerjee(1988), Ryu et al.(1993) have systematically summarized various RR methods in their
books.

These randomized response techniques need some randomization device such as a spinner
(Warner,1965), a deck of cards with questions printed on them (Greenberg et al. 1969 ;
Folsom et al. 1973), a pair of deck of cards with questions printed on them (Mangat and
Singh;1990) or a sealed plastic box with colored beads(Liu and Chow ; 1976).

In mail surveys, the physical randomization device is not supplied to the respondent. Instead,
he is instructed as how to provide the required information without disclosing his status with
respect to the sensitive character under study, by using material at hand in the questionnaire.

Takahasi and Sakasegawa(1977) have suggested a RR technique without making use of any
randomization device and suggested that such a technique would be applicable not only to
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face—to—face interview survey, but also to self-administrated, mail surveys. But their models
seem to be complicated and not easily understandable by the respondent in the mail surveys.

Singh, Mangat and Singh(1993) have developed the Takahasi and Sakasegawa model
(TS-model) to fit the mail survey and proposed a new RR model (SMS-model} using Hansen
and Hurwitz(1946) technique of mail surveys. They have replaced p, the proportion in RR
device representing the sensitive characteristic, by 7y ,the proportion of population possessing
nonstigmatized attribute (Y; preferring color or season) .

In this paper, we propose a new mail survey method and compare the efficiency with the
SMS-model in view of the variance and the protection of privacy.

2. SMS-model

Singh, Mangat and Singh(1993) have proposed a mail survey model for the sensitive
character without using randomization device that improved the TS-model. In their method,
each interviewee in the simple random sampling without replacement sample of # respondents
is instructed to say ‘no’ if he or she does not possess both the nonstigmatized attribute(Y)
and stigmatized attribute (A). In all other cases he or she report 'yes’. The population
consists of N respondents and all population can be divided into two groups. First group
consists of N, respondents who will report at the first attempt i. e. from mail survey while

the second group consists of those N, respondents who will not respond at the first attempt
so that N + No=N .

N, N. ) .
TIA and 1wy, = NZA denote the proportion of the respondents possessing
1 2

the attribute A in the first and second group of population, respectively. Then the proportion

Let Ty =

7 of the respondents in the whole population possessing the attribute A is given by
*r = N 1D Nm, . (2.1)
F=

The probability of ‘yes’ answers for this procedure in the first and second attempt are
respectively given by
6, =m+ QA—mry, (2.2

@z = + (1—71'2)71'1/ . (2.3)
The probability of 'yes’ answers for the whole population is given by
6 = N_lth,Qi = r + (1“71')71')«‘ . 2.4

Suppose n respondents are selected using simple random sampling without replacement
(SRSWOR) method. Let 7, and #, denote the number of respondents who respond at the
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first and second attempt, respectively. Let A, be a sub-sample of 2, selected by SRSWOR
such that n, = hyg , (g=1), and interview personally. If 7,4 and hy4 are the number of
'yves’ answers out of #; and A, respectively.

The estimators of m; , Ty and @ are respectively given by

T = (Z—lf—ny)/(l—xy> , 25)
Wy = (G-l 26)
T = (mm + nwy)ln. 27
theorem 2.1: 7 is an unbiased estimator of population proportion 7
theorem 2.2: The variance of estimator 7 is given by
M = A -+ 25 ﬁ;ﬁf; C us)
(m(1—m) + ZEEEy,

They showed that their model was always more efficient in view of the variance than the
TS-model when my <2/3 .

3. The proposed model

In this proposed mail survey model each respondent which is selected with SRSWOR is
instructed to say 'no’ if he or she does possess A but does not possess Y . In all other

cases he or she is instructed to say ’yes’. Using the proportional model, the probabilities of
'yes’ answer from the first and second groups of the population are respectively given by

0, = may + (1-m),

(3.1
D, = mry + (1—m). (3.2)

The probability of 'yes’ answers for the whole population is given by
0= N'INO = mry + (-0, (33)

theorem 3.1: The unbiased estimator of population proportion 7z is given by
~h ~ h ~,
T = (m m + n 7w gh)/n. (3.4)
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proof: Let E, , V, respectively denote the conditional expectation and variance when those
samples 7, and #, are fixed. Let K, , V|, respectively denote the expectation and variance
for all possible selections of those samples. Then we have

B = EE(7 = E( ) = =

)

where ?rlh = (1—%)/(1—71'}'),

~

)t = A=y,

(1==2)/(1~1y) and

~ & ~, hk
~h ~h nm w4+ mEy( 1y)
.= E(7) = "

~ h ~ h
= (n m + ny, m)in

is the estimator of 7 based on a sample of size n in absence of any non-response.
This proves the theorem .

theorem 3.2: The variance of estimator ?rh is given by

N N— Tyl (e—1) N
N T) = So=p M-D+ g~ 1+ =D (35)

[71'2(1— 71'2) +

1 T y]
proof: For every respondent i of n, let y; stand for the indicator random variable defined
as y;=1 if ith respondent say 'Yes’, »;=0, otherwise. Clearly, we can see that

n — . e
Ng = ;y, , and TA = 3 . In the same way, we can define another two indicator

variables ¥, ,3»', for every respondent i of 7, and A4, and obtain the equation

7;_2:. = y,(= 0,), TZ; = 3, The proof is obtained by the following procedure.

W 2= ViE( 7" + E Vi 7,

= v b s v .

(3.6
= ﬁ Vily) + El( )2“‘(“——‘7 1ZEDE
— (N—n) o(1—-0) [ ( £—1 ) 1 N2¢2(1_¢2)

N=1 n(l—ny)? 7 ) ASayt T Ne—-1

where



A New Mail Survey Method for Sensitive Character without Using Randomization Device 739

~h n 2 —

Vo( 7)) = (72) Vo 7" = (72)—(1___1;1,)—21/2( y'a),

— (ﬂ)z 1 D,(1— ) ny—hy

T \n] Q-zp? (my—D hy

_ (n2 )_____g_—_—_l_ ny @2(1- @2)

(1"7&')/)2 n (nz—l) '
, & = na/h,.

Vz( 72) -
and
Vi(y) = —S,-:—(l—f) = onl Nooa-0).

On putting the equations (3.1) and (3.3) respectively in the equation (3.6) we get the
equation (3.5) after some simplifications. This proves the theorem.

4. Efficiency Comparison

Firstly, we compare the efficiency of our estimator based on the proposed model with the
estimator based on the SMS model in view of the variance.

¥ Wn > W ?rh) , then we can say that our estimator is more efficiency than that of
SMS-model.
From the equation (2.8) and (3.5),
m — W "
_N—-n_ xy(1—n) (g=D N,
=D Dy I N, — D)

[r(1-m) + ‘75"1(1—7:2)]

Ty (g—D Ny
B L Ry s e s R Vo ey s

.
[m(1—m) + —1:’”—2,1,]

N— x (g—1) Ny’
D Ty A2+ Sy gy (L2,

>0. (4.1




740 Ki Hak Hong

The inequality (4.1) will always hold no matter how the values of ry if n(% and n'z(%.

Since the sensitive proportion of population 7z that we wish to estimate has generally the
very small value which is far less than 1/2, it is reasonable to assume that & and Ty are

less than 1/2. we say that our proposed model is more efficiency than SMS-model.
The efficiency of SMS-model depends on the value of 7y. So if we can’t find the value of

7y that satisfies the required condition, we can’t use that in mail survey. But
our model is only depends on the values of # and =, which usually have small values.

Hence we can use our model regardless of the value of 7y for most sensitive mail survey.
Secondary, we appreciate the proposed strategy by using the procedure described in Hong
and Lee(1996). In SMS-model, the jeopardy function of ‘yes’ with respect to A and the

jeopardy function of ‘no’ with respect to A are

gm(y)=g(Y,A)=%%L—)—%) = —Trl—y , (4.2)

gou(n) = gV, 4) = RO - L (43)
The jeopardy functions of the proposed model in this paper are as follows

g, (3) = gY, A = %%I%% = % = 7y, (4.4)

gw(n) = g(N,A) = ;((lel% = 1_0”” X oo, (45)

That the value of jeopardy function, g is greater than unity means increasing respondent’s
jeopardy for given answer and the attribute. In the case of ‘yes' answer for attribute A, we
can show that from the equations (4.2) and (4.4), our proposed model is always more
protective than the SMS-model irrespective of the values of 7y and . In the case of ‘no’

answer for attribute A, it is clear that from the equations (4.3), (45), the SMS-model is
always more protective than our model irrespective of the values of xy and 7. If only we

count the number of say 'Yes’ from the respondents,
our model is more protective than the SMS-model. However, If we consider the respondents
that say 'No’, the SMS-model is more protective than our model.
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