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Abstract

We discuss confidence intervals for sensitive binomial attributes obtained by a direct question method and
indirect question method. The Randomized Response Technique(RRT) by Warner (1965) is an indirect
question method that uses a randomization device to reduce the response burden of respondents. We used
the mean coverage probability (MCP), root mean squared error (RMSE), and mean expected width (MEW)
to compare the confidence intervals by the two methods. The numerical comparisons indicated found that
the MEW of RRT is too large and the RRT is so conservative that the MCP exceeds a nominal level(a);
therefore, it is necessary to complement these problem in order to increase the utility of the indirect question
method.

Keywords: Sensitive binomial attribute, confidence interval, direct question method, indirect question

method.
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AR ES o] B3 Wald o] ALBEIT Shovk ol9] Aol the £AZE AZIS WA Wald A1
FFE AT B2 Py Eo] AF= ATt (Vollset, 1993; Newcombe, 1998; Agresti®} Coull, 1998;
Brown 5, 2001, 2002; Ryu$%} Lee, 2006; Ryu, 2009). £3] o|Fr ko] u|& p7} 22 A= =
kol AF e FEE O A FTY Hold JgS F7] wfwol SIS 2 PHE|
AAI= At} (Agresti®} Coull, 1998; Brown &, 2001; Ryu, 2010, 2011).
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wbA A A2k thalel] FEFAE o] 8814 SF3 HFE 2 o] Warnere] 93 422 A
AlE k. Warnere] ZFHAEHS 53181357 ¥ (randomized response technique; RRT) 0|2} £

24 HA9a, ool tigt thFet HRAEHE] AAFE AT Warnerﬂ RRT+ 9Is £48 2= =
At v&S 337 9ot tha3 22 Ut £43 #AdHo| e F /Y AR ARSSH

AR “GAL ust &4 AE 7IA 3 dF5U7”

AE2: AL US4 AT AT UA DU
BB 022 nYel SRAES FBRA ol HEE Do) <o wi “ohie e g5
Ak AElo) MY BES T, AL} AND FEL |- T 3E SRV ok 29 9
o tewt g

k=Tp+(1-T)(1-p) (3.1)

4714, p WZHE 44E e TAY ugolth, WoF T = 1ojW AAAE A9 Ak ne] $
G FollA <o 2t S A =7 n/ o), WISt £ AE Ze BRUNE po S put

[¢)
BA V(pu) = T 2Tt

. k=(-17) . 1
o, pl-p) 1 1 1
V@u) =720 +5{16(T—0.5)271]' (3.3)

2 (3.2)9} 4 (3.3) 2 22E] FF2Al o8 AT P che 3} 2}

R Pu(l—puw) 1 1 1
pwiz?\/ w ' n [16(T—O.5)2 - Z} ' (34)

ogulgel He AHTHE Fohe AL B ATAEC] JHA olFoiAxL drk B Ao
A BgR A4S 2e oulee FA%E o APARUOR)F FBINE ol

% (RRT) S AH8392 Shaxt Ghek. ol g el oS kol A

24 WS R Besi 2 ZzoE TYHEN TPAEL RE 25

HEpzom sy doh} oA st /8

g2 Hwolth 3 EFAEL AT AsNA A7

Apatst shge) Roldl AR EE BE Ba7el vl 32E BEANEE A8t

(4.1)

N
)

Il
3

=

8
i
N
8 3
~_

bS]

8

_

I

)

3

|

.8

:]7_1%12] g]—g_l?j o]r;]_ _Lﬁl:ikg
=}
.=

Fol7] wf&ol nat pel

o
ot =
td
+
3
:g‘
]
L
1
-+
l-ru
3
L
NI
3
k)
e
rE H
o
)
5]
rE
=
o
odt
p
Hel
rr
o
>«



78 Jea-Bok Ryu

209 Wslol = EYEE Mol ofe Atk a9, Boghe] ok 91X JEAE BEEe mE
. . :

Cu) = [ )/ () do, (4.2)

A71A f(p)e BHlE pol Y3t Wed4g FERILE AFR3IT)

4.2. BIANS AL 32

St x3EE o] T (o) L2 HE dupg 2ojA &7 UE+ HAEE o5 22 F7AF
LAkl Al (root mean square error; RMSE)S ARE-3tt}.

RMSE = \// —a)?dp . (4.3)

ZFLEL2 AF Y] e oFete] Fof] o &k, o] Yo 2FEE 0] AL WIHRE Zo] F
oW FopAls Aol Yt AFFIe] Fo] U ylow xSEL AAAT F49] ouj= (A @
o} mebs 23EE o] WEsEe ZARFAA R AE e Fo] 7 Ze Ao] vigA sty A
F 7o) AFsla 515ke] x}ojl o) 3k 7)1 thZ (expected width; EW)-& th2-3} Zo] L3ttt

En(p) = Y (U (@) - L)) (;‘) P(-p)" (4.4)

714 U(z) ¢t L(z)= 242 A= 7740 A43tat shgto|nt. A= #21e] 7jEs Be Eagitol s
H#3 HF 7= (mean expected width; MEW)-2 t}-2-3} 2+

1
Ba(p) = / E.(p) dp. (4.5)
0
5. XA H|2

AYALAT HHARRLE o8] T WA o Gulgoll e A7 W3] A 473
A T2 MCP, RMSE, MEW & A&},

1 H
Table 5.1, Table 5.2, 718]3 Table 5.3 AFAZW3} 7HAZHS A1g3t HLof A" MCP,
RMSE, MEWE tepdit}.
AFFHE B8k 7184 7P S8t 849 A2 FEE(MCP)2 AFAEHY 4%
7} 7k Wl MCPE &7kshu, 2P AER ¢l Warnere] RRT+ REF7F S716%
st AEol AdE &5 T9 ¥sld= xtol7t A9 gle] 19 7Hdth 42 RRTO thgh AellA
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Table 5.1. MCP for the 95% confidence intervals by direct question method(DR) and indirect question
method(RRT) with n = 10, 30, 100, 500 and different T'.

RRT
n DR(T = 1) T
0.6 0.7 0.8 0.9
10 0.7692893 0.9999 0.9998998 0.9987937 0.9788233
30 0.8749269 0.9999 0.9998997 0.9992623 0.9877289
100 0.9222814 0.9999 0.9998997 0.9994098 0.9905677
500 0.9430100 0.9999 0.9998998 0.9994570 0.9914889

Table 5.2. RMSE for the 95% confidence intervals by direct question method(DR) and indirect question
method(RRT) with n = 10, 30, 100, 500 and different T'.

RRT
n DR(T = 1) T
0.6 0.7 0.8 0.9
10 0.28631680 0.05089195 0.05089171 0.04983497 0.03729940
30 0.16832010 0.05089195 0.05089165 0.05027056 0.03997960
100 0.09312201 0.05089195 0.05089169 0.05041268 0.04219189
500 0.04189856 0.05089195 0.05089171 0.05045855 0.04299216

Table 5.3. MEW for the 95% confidence intervals by direct question method(DR) and indirect question
method(RRT) with n = 10, 30, 100, 500 and different T'.

RRT
n DR(T = 1) T
0.6 0.7 0.8 0.9
10 0.4034284 0.9999000 0.9083038 0.7021720 0.54340690
30 0.2662789 0.9818065 0.6731368 0.4788381 0.35781270
100 0.1518312 0.7339904 0.4203623 0.2847022 0.20714210
500 0.0686743 0.3881257 0.2024621 0.1329723 0.09502102

RRT WSl Tgo] T o] WgHe A tzdolth. 5, HALL AH88 A5 72k 2740]
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Figure 5.1. Coverage Probability for the 95% confidence intervals by indirect question method(RRT) with n =

10,30, 100 and T = 0.9.
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