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Abstract

In this paper, we compared our newly developed Ramized Response
Technique (RRT) with that of Hussain-Shabbir's diotomous Randomized Response
Technique (RRT) when data are obtained through th@ndomized response
technique (RRT) proposed by Hussain and Shabbir@2] It was established that the
variance of the proposed technique is less thanttbfithe conventional technique for
various orders of probabilities of each answer apti Hence, the proposed technique
is more efficient than the conventional technique.
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1.0 Introduction

The problem of estimation of the total populatiohaosensitive quantitative variable is well knowm survey
sampling. Warner [8] was the first to suggest ajeimuous method to estimate the proportion of seasiharacters like
induced abortions, drug used etc., through a raimhiion device like a deck of cards, spinners stech that the
respondents’ privacy should be protecfed.date, a large number of developments and var@iVarner's Randomized
Response Technique (RRT) have been put forwardebgral researchers. Greenberg et al.[2], MangatSangh [5],
Mangat [6], Singh et al.[7], Christofides [1], Kiemd Warde [4] are some of the many to be referencesections to
follow, we present Hussain and Shabbir (2007), &ed Randomized Response Technique and subsequisntly
efficiency over the conventional one.
2.0 Hussain and Shabbir Technique

Hussain and Shabbir (2007) proposed a RandomizegdRee Technique (RRT) based on the random useeobfo
the two randomization devices BRnd R. In design, the two randomization devicesdRd R are the same as that of
Warner's (1965) device but with different probatie of selecting the sensitive question. The lukd@ind this suggestion
is to decrease the suspicion among the respontdgngsoviding them choice to randomly choose thedoanization
device itself. As a result, respondents may divtitger true status. A simple random sample witHaegment (SRSWR)
sampling is assumed to select a sample of sizeeteland B be any two positive real numbers chosen suchdhat
oc%ﬁ' (o # B) is the probability of using Rwhere R consists of the two statements of Warner’'s debigewith preset
B
o+p
Warner's device also with preset probabilitRisand 1 — P, respectively. For thé"irespondent, the probability of a
“yes” response is given by

Pyes) =0 = - [Pin+ (1~ PD(1~m)] + %ﬁ [P+ (1= P)(1—m)] (2.1)
To provide the equal privacy protection in both taedomization devices,;Rnd R, we putP; = 1 — P, into equation
(2.1),to obtain

?

probabilitiesP; and 1 —P; and1 —q = is the probability of using Rwhere R consists of the two statements of

_ al(a —p)(2P; — )] + P1f + Pra
B a+p

(2.2)
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Hence,
_ ®(0+p) —Pyf —Pra
2Py - D(@—-p)
The unbiased moment estimator of true probabilityes response (response raiteyas given by
. @G(a+B) — Py — Pya 2.4)
2Py - D(@—-B)
Where =§ and y is the number of respondents reporting &
estimator was given then by
~ n(1 —m) (Pya + Py B)(Pa+ Po3)
V(T[)COTIV = +
n n(2P, — 1)%(a = B)*(a + p)?
3.0 The Proposed Technique
It has been discovered that despite the succestséuhpts by several authors in developing an efiicRandomized
Response Techniques (RRTSs), the developed tectimplg considered a two-option of “yes” and “no%pense. As a
result of which we propose a new Randomized Regp®dashnique (RRT) that will be based on the randeeof one of
the three randomization devicds,, R, and R;. In design, the three randomization deviBgsR, and R; are similar to
that of Warner’s device but with different probaisk of selection. In addition te and f proposed earlier by Hussain

Py # 1/, 0 B (2.3)

L,

waswer wherP; = 1 —P,. The variance of the

(2.5)

o

and Shabbir, we introdude a positive real number such that prs ¢ # B # 6 is the probability of usin®,, where

R, consists of the two statements of Warner’'s dewiteé the new introduce device also with preset itibas P, P,
and P; respectively. By adopting Hussain and Shabbirsbpbility of a “yes” response for th& respondent, the
probability of a “yes” response when the third optfundecided” is included is given by

Qes) = ¢ = lPin+ (1= PN(A ~m)] + = [Pon + (1~ P)(A ~m)] +
)] (3.1)
In order to provide the equal privacy protectiorihia three randomization deviceg R,, and R;, we putP; =1 —
P, — P; into equation (3.1), to obtain
pla+pB+8) —[(ea+B+38) —Pya—P,p—P33]
h 2Pja+ 2P, +2P38 —a— B — &
Hence, the unbiased sample estimate isfgiven as
. Platp+8)—[(a+p+8) —Pia—PB—Psd]
= 2P0+ 2P,p + 2P6 —a—P -0 (3:3)
Wherep = E and x is the number of respondents reporting a
the estimator is given then by
[T (4a?PZ — 4a?P; — 4afP; + 8apP P, — 40adP;
+8adP,P; + a? + 2af — 4aBP, + 208
—403P; — 4B*P, + 4B*PZ — 4P3P, + 8P3P,P;
+B7 + 2P8 — 4BOPy — 45°P; + 46°PZ + &%)
(a+ B +6)? —n?(4a?P? — 4a?P, — 4afP; + 8afP;P,
—4a8P; + 8adP,P; + a? + 2af — 4afP,
+205 — 4adP; — 4B°P, + 4B°PZ — 4PBSP,
+8BP,P; + B + 2P8 — 4BSP; — 45°P,
| +48%PF + %) ]
+[a?P; + opP, + adP; — a?P? + apP, — 20BP; P,
+adP; — 208P, P; + B2P, + BoP; — B2PZ +
V@) = BSP, — 2BSP,P; + 8%P; — 52PZ]
n[2P;(a —8) + 2P,(B—8) — (0. + B — 8)]?(a + B + 6)?
Hence, we have

V(#) =

S
a+p+3

[P3T[ + (1 - P3)(1 -

(3.2)

paswer whe?; = 1 — P, — P;. The variance of

(3.4)

n[2P,(a —38) + 2P,(B—8) — (o + B —8)]%(a + B + 6)?
4.0 Efficiency Comparison
Here, we show that the new RRT is better than xiigtieg ones by comparing its variance with theiarace of Hussain-
Shabbir technique under consideration. We adoptiéii@ used by Hussain and Shabbir (2007) in comgahieir results
with others. In what follows, the proposed trip@rfRandomized Response Technique (RRT) is morgegifithan
Hussain and Shabbir (2007) dichotomous Randomizaspéhse Technique (RRT) if we have
V(ﬁ)conv - V(ﬁ)prop >0 (4-1)
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Or if

Or if

n(1-m)

(P2a+P1B)(P1a+Pyp)

_ n(1-m)

(P1a+P,B+P338)(P3a+P,B+P13)

J of NAMP

n n(2P;—1)%(a—P)2(a+p)? n n[2P1(a—8)+2P, (B—8)—(a+p-8) 1% (a+B+6)? >0
(P20+P1B)(P1o+P,B) (P10+P,B+P38)(P30+P,3+P;3)
n(zpl_l)Z(a_B)Z(CH_B)Z > 0 (43)

n[2P;(a—38)+2P,(B—38)—(a+p—3)]2(a+L+8)?

(4.2)

Table 4.1:Comparison between conventional RRT aodgsed RRT whe?; = 0.6,P, = 0.3,P; =
0.1, t=0.5a =20, =11,5 = 2, for varying sample sizes (n)

n Py P, Py T a B ) Conventional Proposed
Variance (eqn) Variance
2.5) (eqn.3.5)
50 0.6 0.3 0.1 0.5 20 11 2 0.00624 0.00546
100 0.6 0.3 0.1 0.5 20 11 2 0.00312 0.00273
150 0.6 0.3 0.1 0.5 20 11 2 0.00208 0.00182
200 0.6 0.3 0.1 0.5 20 11 2 0.00156 0.00136
500 0.6 0.3 0.1 0.5 20 11 2 0.000624 0.000546

Table 4.2 :Comparison between conventional RRT praposed RRT whe, = 0.4,P, = 0.4,P; = 0.2,
m =04, a =208 =11,8 = 2, for varying sample sizes (n

n Py P, P3 T a B ) Conventional | proposed
Variance variance
(egn.2.5) (egn.3.5)

50 0.4 0.4 0.2 0.4 20 11 2 0.00579 0.00484
100 0.4 0.4 0.2 0.4 20 11 2 0.00289 0.00242
150 0.4 0.4 0.2 0.4 20 11 2 0.00193 0.00161
200 0.4 0.4 0.2 0.4 20 11 2 0.00145 0.00121
500 0.4 0.4 0.2 0.4 20 11 2 0.000579 0.000484

Table 4.3: Comparison between conventional RRT @ogosed RRT wheR, = 0.2,P, = 0.5,P; = 0.3, w = 0.7,

a =20, =11,8 = 2, for varying sample sizes (n)
n Py P, P; T a B ) conventional | Proposed

variance Variance
(eqn.2.5) (eqn.3.5)

50 0.2 0.5 0.3 0.7 20 11 2 0.00428 0.00421

100 0.2 0.5 0.3 0.7 20 11 2 0.00214 0.00211

150 0.2 0.5 0.3 0.7 20 11 2 0.00143 0.0014(

200 0.2 0.5 0.3 0.7 20 11 2 0.00107 0.00101

50C 0.2 0.t 0.2 0.7 20 11 2 0.00042i 0.00042:

Table 4.4: Comparison between conventional RRTpandosed RRT wheR, = 0.15,P, = 0.6, P; = 0.25,
7=08 ,a=20p8=11,8 = 2, for varying sample sizes (n)

n Py P, P; T o B ) conventional | Proposed

variance Variance
(eqn.2.5) (eqn.3.5)

50 0.15 0.6 0.25 0.8 20 11 2 0.00327 0.00321

100 0.15 0.6 0.25 0.8 20 11 2 0.00163 0.00161

150 0.15 0.6 0.25 0.8 20 11 2 0.00109 0.00107

200 0.15 0.6 0.25 0.8 20 11 2 0.00082 0.000803

500 0.15 0.6 0.25 0.8 20 11 2 0.000327 0.000321
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Figure 4.1:Comparison between conventional RRT@mogosed RRT wher?; = 0.6,P, =0.3,P; =0.1, 1= 0.5,a =
20,8 = 11, 6 = 2, for varying sample sizes (n)
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Figure 4.2:Comparison between conventional RRT praposed RRT whew®;, = 0.4,P, = 0.4,P; = 0.2, m = 0.4,
a =20,8 =11,8 = 2, for varying sample sizes (n)
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Figure 4.3:Comparison between conventional RRT praposed RRT whe®, =0.2,P, = 0.5,P; =0.3, m=0.7,
a =20,8 =11,8 = 2, for varying sample sizes (n)
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Figure 4.4:Comparison between conventional RRT@ongosed RRT wheR, = 0.15,P, = 0.6,P; = 0.25, 1 =0.8 ,
a =20,8 =11,8 = 2, for varying sample sizes (n)
Note:

Var(xn) in the figures above represents variance foh lbonventional and proposed techniques as obtamneduations
2.5 and 3.5 respectively.
....... conventional variance (equation 2.5)

proposed variance (equation 3.5)
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5.0 Conclusion

In this study, the review of the work of Hussam&habbir (2007) was presented.

The efficiency of our proposed Randomized Respdresdnique over that of the conventional one witkpeset to
their variances was also verified by adopting taedised by Hussain and Shabbir (2007). It waseatid the results on
Tables and Figures that the proposed techniguelé®d more efficient than the conventional one.

References
[1] Christofides, T.C. (2003A generalized randomized response technitfiedrika 57, 195-200.

[2] Greenberg, B., Abul-Ela, A., Simmons, W. andridtz, D. (1969):The unrelated question randomized response:
theoretical framework]. Amer. Statist. Assoc, 64, 529-539. Zawar Huassad Javid Shabbir 35

[3] Hussain, Z. and Shabbir, J. (2007 andomized use of Warner's Randomized Responsel.NtuerStat: April # 7.
http://interstat.statjournals.net/INDEX/Apr07.html

[4] Kim, J.M. and Warde, D.W. (2004)A stratified Warner's Randomized Response Malébtatist. Plann. Inference,
120(1-2), 155-165.

[5] Mangat, N.S. and Singh, R. (1990)n alternative randomized response procedBiemetrika 77, 439-442.

[6] Mangat, N.S. (1994)An improved randomized response stratelgyroy. Statist. SoSer. B, 56(1), 93-95.

[7]1Singh, S., Horn, S. and Chowdhuri, S. (199&stimation of stigmatized characteristics of ad@d gang in finite
population Austral. & New Zealand J. Statist, 40(3), 291-297

[8] Warner, S.L. (1965):Randomized Response: a survey technique for elfinghevasive answer biag. Amer. Statist.
Assoc, 60, 63-69.

Journal of the Nigerian Association of Mathematic&hysics Volume0 (March, 2012) 379 — 384

384



