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Abstract

In any research involving sensitive questions, respents tend to refuse to answer
such questions or give evasive response. Many ramded response sampling
techniques were developed but could only handle amswer options; ‘Yes' and ‘No’,
among which are [8], e.t.c. In this paper, a tripite randomized response sampling
technique was developed to handle the three answetions: ‘Yes’, ‘No’ and
‘Undecided’,based on the modification of [8] model.
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1.0 Introduction

Randomized Response (RR) techniques were devefopdle purpose of protecting surveyee’s privacg amoiding
answer bias mainly. They were introduced by [9hdechnique to estimate the percentage of peopepopulation U that
has a stigmatizing attribute A. In such cases medeots may decide not to reply at all or to inccttyeanswer. The usual
problem faced by researchers is to encourage jpanits to respond, and then to provide truthfupoese in surveys. The
Randomized Response Technique is a survey methadh \eppears to be particularly appropriate forghealy of sensitive
attitudes and behaviours. Probability theory isped to protect the privacy of an individual’spesse, and has been used
successfully in the study of sensitive health b&hag such as rape, abortion and the use of cataes or condom e.t.c.
With randomized response technique, a respond@negented with a number of alternative questionggponse options.

Warner [9] suggested an ingenious method to estittet proportion of a sensitive characteristic likduced abortion,
drug usage, tax evasion, shoplifting, cheating<ane etc. To maintain the anonymity of the respoitslf9] proposed to use
a randomization device such as a deck of cardssmirmer. Greenberg et al. [5] borrowed the ided extended it to the
estimation of the mean of sensitive quantitativéaldes. Different modifications of [9] Randomiz&&sponse were further
developed by authors including [1, 2, 3, 4, 6,]/a@ong many others.

The primary focus of this paper is the modificatafrHussain-Shabbir’'s dichotomous Randomized Respdchnique
(RRT) to extend beyond a dichotomous answer-optiorgstripartite answer-options which may oftenamde more honest
answers to questions, reduces respondent misuadeisg, suspicion and confusion.

In section 2, we reviewed the Hussain and Shabthic'sotomous Randomized Response Technique.

In section 3, the proposed Tripartite Randomizesplease Technique was developed, and the variancehtained.

In section 4, we conclude with some discussion atf@Model developed.

2.0 Hussain-Shabbir’'s dichotomous Randomized Response TechniqueR[R

Hussain and Shabbir [8] proposed a Randomized Respbechnique (RRT) based on the random use obfothe two
randomization devices;Rind R. In design, the two randomization devicesaRd R are the same as that of [9] device but
with different probabilities of selecting the sdiv& question. The idea behind this suggestiom iddcrease the suspicion
among the respondents by providing them choiceattdamly choose the randomization device itself. &Asesult,
respondents may divulge their true status. A simmplelom sample with replacement (SRSWR) samplings@imed to

select a sample of size n. Letand  be any two positive real numbers chosen suchqhat()%ﬁ, (a # B) is the probability
of using R, where R consists of the two statements of Warner’'s detbige with preset probabilitieB, and 1 — P, and

1-q= Miﬂg is the probability of using R,where R consists of the two statements of Warner's dewise with preset
probabilitiesP, and1 — P, respectively. For thd'irespondent, the probability of a “yes” responsgiien by

P(yes) = @ = O%B[Plrr+ 1- P -m)] +%[Pz‘rr +(1- P -] (2.1)
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0= a[Pm+(1-P)A-m]+ B[R+ (1 - P -m)]

(2.2)
a+f
wherem is the true population probability of yes response
By expanding and simplifying equation (2.2), we éhav
m[2aP, — a+ 2BP, — B] + a + B — Pia — P,

0= Y (2.3)
SubstitutingP; = 1 — P, into equation (2.3), we have

o _ml(a— B (A -2P)] + B+ Pa—Pp 2.4

- a+p '
0= n[(a — B)(1 — 2P,)] + P,a + P, B 2.5)

a+pf
To provide the equal privacy protection in both thadomization devices;Rand R, we putP, =1 — P, into equation (2.5), to
obtain:
_ m[(a—B)(2P;—1)]+P; B+Pr«
0= . (2.6)

Hence,

B(a+B) — PB— P
RS R T @7

The unbiased moment estimator of true probabilityes response (response rateyas given by
__P(a+p)—PB—Pa
@R -D(a-p)
whereft is the unbiased sample true probability of yepaase ofmt
and @ =% ; ¥ is the number of respondents reporting a “y@sSwer whe?, = 1 — P,. The variance of the estimator

was given then by

(2.8)

V() _ (1l —m) (P, + P B)(P o + P,B)
conv n n(2P; — 1)2(ax — )?(a + B)?

3 The proposed Randomized Response Technique (RRT)

It has been discovered that despite the succeattihpts by several authors in developing an efiicRandomized
Response Techniques (RRTs), the developed techmioply considered a two-option of “yes” and “no’spense. As a
result of which we propose a new Randomized Regpdashnique (RRT) that will be based on the randemof one of the
three randomization deviceR,, R, and R;. In design, the three randomization deviBgsR, and R; are similar to that of
Warner's device but with different probabilities sélection. In addition ta andf proposed earlier by Hussain and Shabbir,

we introduces, a positive real number such that a+g+5'°‘ # B # & is the probability of usin®,, whereR; consists of

the two statements of Warner’s device and the miwwduce device also with preset probabilitiesPP andP; respectively.
By adopting Hussain and Shabbir’s probability df/es” response for thé"irespondent, the probability of a “yes” response
when the third option “undecided” is included iseayi by

QQes) = ¢ = olPim+ (1= P~ ] + o B+ (1= PB)(A =] + oz e+ (1= P)(1 - )]
(3.1)

(2.9)

_a[Pm+ (1 =P)(A -m]+ B[P+ (1 -P)(1 —m]+§[Psm+ (1 -P;)(1—m)]
- a+pf+6
By expanding brackets and simplifying, equatio2Y®ecomes
_[2aPm—amn+2BP,m—Bn+28P3t—m8]+[a+B+6-Pia—P,—P38] (3 3)
a+f+8 '
_pla+pB+8)—[(a+p+8)—Pa—P,B—Pd]
= 2P+ 2P,B + 2P0 — o — B — 8
Hence, the unbiased sample estimate isfgiven as
Pla+B+8)—[(a+B+8) —Pa—P,B—P;8]
2Pa+ 2P,B+ 2P 8 —a— B — 8
SubstitutingP; = 1 — P, — P, into equation (3.5), we have
Pla+p+6)—[(a+pf+3)—Pa—P,p—8(1—P —P)]
2Pa+ 2P, +28(1—P,—P)—a—B—8
_¢la+p+8)—[(a+p)—Pa—P,p+P5+P5)]
- 2P, + 2P, — 2P,8 — 2P,6 —a — B + &
ﬁ:@(a+ﬁ+6)—[(a+ﬁ)+P1(5—a)+Pz(5—B)] 3.8)
2P (a—8) + 2P,(B—8) — (a + B — &) '

Remark:If we set6 to zero in equation (3.8), we recover the unbiastiinate of true probability of yes response given
by Hussain and Shabbir in equation (2.8). Thusatgu (3.8) is the proposed response sampling tgaarwhich could be
called a"Tripartite Randomized Response Techni@iRR(T)". In deriving the variance of this responaengling, we obtain
the following result:
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Lemma: WhenP; = 1 — P, — P; the variance of the tripartite RRT is given by
(a+8+8)%p(1l—9) 39)

V@ = n[2P,(a —8) + 2P, (B —8) — (a + B — )
(Pya+ P,B + P,8) (P + P, + P,5) (3.10)

_m(l-m)
N n[2P(a —8) + 2P,(B—8) — (a + B — 8)]?(a + B + §)?

|

n
Proof:
By definition
. ¢la+B+8)—[(a+p+8)—Poa—Pp—Pd]
= 2P+ 2P,B + 2P0 — o — B— 8 G1h
4 _pla+f+8)—[(a+p)+P(8—a)+P(8—P)] (3.12)
prop = 2P, (0 —8) + 2P,(B—8) — (a + B — &) )
o _ o [pla+B+8)—[(a+p)+Pi(8—a)+P(8—P)]
V(”)zv[ 2P, (a—8) + 2P,(p —0) — (a + B —0) (313)
. (a+p+8)p(1-9)
Y = R =6 T 25, -8 — @+ F- O G149
20Pm—an+ a—aP; + 2pP,m 20Pm—an+ a—aP; + 2pP,m
—Brn+B—P,B+28P;m—6n+8||—Prn+p—P,R+ 26t —8n+ 8
—P,6 —P;6 (315)
a+pB+8 '

|

Z:
¢ l atp+o

[ 4a?Pin?® — 2a?P,mi? + 2a?P;m — 2a? P2 + 4aBP,Pyn? — 2aBP,° + 20BP 7
—2aBP, P, + 4a8P, Pyni? — 2a8P; i* + 2a8P;m — 2a8P, Pyt — 2a?P, % + a’n?
—a’m + a?Pym — 20BP, % + apn? — aBm + afP,m — 2a8P;? + adm? — adn
+a8P + 2P — a’m + a? — a?P;, + 20BP,m — o + aff — affP,
+2a8P;m — adm + ad — adP; — 2a?P?m + a?Pyw — a?P; + a?P?
—2aBP, P, + afP;m — affiP; + oapP,P, — 2a8P, P;m + adP,w — adP; + adP; P,
+4aBP,P,n? — 2afP,m? + 2aBP,m — 20BP, P, + 4B2PZm? — 23?P,m?
+2B2P,m — 2B%P#m + 4B8P,Pym? — 2B8P, % + 2B8P,w — 2BSP, Py — 2aBP, m?
+apm? — afn + afP; — 2B%P,m? + Bin? — BEm + B2P,w — 2B6Pym? + o2
—B&m + B8Py + 20BP;, — afm + af — apP; + 2B%P,w — B2m + B2
—B%P, + 2B8P;m — BST + BS — BSP; — 2P, P, + afP,m — aBP,
+aBP,P, — 2B%P2m + B2P,m — B2P, + B2PZ — 2BSP,Pym + PSP, — PSP,
+B8P,P; + 48P, Pyn? — 2a8P;m? + 2a8P;w — 2a8P, Py + 4BSP,Pym? — 2B8Pym
+2B8P;m — 2B8P, Py + 462P2m? — 282Pyn? + 282Pym — 282P2m
—2a8P; % + adn? — adm + a8P;w — 2B8P, % + BSm? — RS
+B8P,w — 28%P;m? + §%n? — 8°m + §2Pym + 2a8P;m — adm + ad
—adP; + 2B8P,m — Bém + BS — B8P, + 28%Pym — 821 + &2

—8%P; — 2a8P, Pyt + aSPym — aSPy + o8P, P; — 2B8P, Py + BSPy
~ —B8P; + BSP,P; — 282P2m + 52Pym — 62P; + 62P2 | 316)
(a+ B +96)? '

42P?m? + 482P2n? + 4B2PZm? — 4a?Pm? + 6a?Pw — 4a?Pim
+8apBP,P,m? — 4afP,7* + 6aBP, T — 4aBP, P, + 8a8P, Py?
—4a8P, % + 6a8P,m — 4a8P, Py + a?n? + B2m? + §%m?
—2a*m — 4aBP,m? + 2afm? — 4afm + 6afP,T — 4adP;m? + 2adm?
—4a8T + 608P; T + a? + B2 + 82 — 2a’P; + 2af — 2afP,
+2a8 — 2a8P; + a?P? — 2afP; + 2aBP,P, — 2a8P; + 2a8P, Py
—4aBP,P,m — 4B%P,n? + 6B%P,m — 4B2PZm + 8BSP,Pyn? — 4B5P,n?
+6B8P,m — 8B8P, Py — 2B2m — 4BSPym? + 2B8m? — 4B6T + 6B5P;T

—2B2P, + 2B8 — 2B8P; + B2PZ — 2BSP, + 2BSP, P,
| —4a8P, Pyt — 48%P; 1% + 68%Pym — 48%Pim — 28%m — 262P; + §2PZ |
= (3.17)
(a+B+6)?

—4a?P?in? — 48%Pim? — AB%Pin? + 4a’Pym? — 4a’Pm + 4a?PEmr]
—8apBP,P,n? + 4afP,m* — 4aBP, 7 + 8aBP,P,m — 8a8P, Pym?
+4a8P, % — 4a8P, 7w + 4a8P, Pyt — a?n? — Bin? — §%m?
+a’m + 4afPym? — 2aBm? + 2apn — 4aBP,m + 4a8P;n? — 2a8m?
+2adm — 4a8P;m + a?P; + afP, + a8P; — a?P? + afiP;
—2aBP,P, + a8P; — 2a8P, P; + 4B2P,n? — 4B%P,m + 4B%PZm
—8BSP,Pym? + 4B6P, 2 — 4B8P, 1 + 8BSP, Py + BT + 48Py T2
—2B8T + 2B8T — 48P, + B2P, + BSP, — B2P2 + BSP,
—2B8P,P, + 408P, Pyt + 48%P;mi? — 482 Py + 48°Pim
L +8%m + §2P; — §%P7 | (3.18)
(a+pB+6)2
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Hence, we have
r(4a?P? — 4a?P; — 4afP; + 8afP,P, — 4a8P;]
+8adP,P; + a? + 2af — 4afP, + 2a8
—4a8P, — 4B2P, + 4B%PZ — 4BSP, + 8BSP,P,
+B% + 26 — 4BSP; — 45%P; + 46%P2 + §%)

(a+B+6)? —n?(4a?P? — 4a?P, — 4afP; + 8afP;P,
—4a8P; + 8a8P,P; + a? + 2af — 4afP,

+20a8 — 408P; — 4B%P, + 4B2P} — 4B3P,
+8B8P,P; + B2 + 2B8 — 4BSP, — 46%P,

L +482PZ + §2) |

+[a?P;, + aBP, + adP; — a?P? + affP; — 2aBP,P,

+adP; — 2a8P, P, + B2P, + BSP; — B2PZ +

V@) = B8P, — 2B8P,P; + 82P; — 6%PZ] (319)

n[2P,(a—8) + 2P,(B—8) — (a + B—08)]2(a + B + 6)?
SubstitutingP; = 1 — P; — P, into equation (3.19) and in line with Hussain &tdhbbir (2007), it thus follows that

[2P; (o — &) + 2P, (B — 8) — (a + B — 8)]? = 4a?P? — 4a?P, — 4afpP; + 8apP,P,
—4a8P; + 8a8P,P; + a? + 2af — 4afP, + 208 — 4adP; — 4B2P, + 4B2PZ — 4BSP, + 8PSP,P; + BZ + 2PS — 4BSP; — 482D, +
452p2
Hence,
a?P; + afP, + adP; — a?P? + af|P, — 2apP;P,
+ad8P; — 208P; P; + B%P, + BSP; — B2PZ + BSP,
(1l —m) —2B6P,P; + 8%P; — §%P2

v = 2P (= 8) + 2P, (B— 6) — (a + B— 8)[2(a + B + )2 (3-20)
Factoring the numerator and settitg= 1 — P, — P, in equation (3.20) gives

n[2P,(a —8) + 2P,(B—8) — (a + B — 8)]?(a + B + §)?
4.  Conclusion
In this paper, the work of Hussain and Shabbir {200as reviewed. However, a major lapse in HusSdiabbir's
dichotomous Randomized Response Technique (RRMaist did not consider all the three responsioap which are not
trivial in real life situation. In consideration tfis lapse, we proposed a new Randomized Res@wmique (RRT) called
“Tripartite Randomized Response Technique ” whidmsiders all the three response options by modjfytussain-
Shabbir's dichotomous Randomized Response Techn{R&T) . Therefore, Numerical Comparison of the pused
Randomized Response Technique and some existinmibges can be a promising future study.
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