
A Condit ional Indirect Surv ey M ethod

J ournal of K orean
D ata & Inf ormation Science S ocie ty

2 002, Vol. 13, N o.1 pp . 35∼45

A Condition al In dire c t S urv ey M eth od 1)

Gi S ung Lee 2)· Ki H ak H ong 3 )

Ch ang Ky oon S on4)· Ki S eong N am 5 )

A b s tra c t

F or im prov in g the quality of surv ey dat a of sen sitiv e charact er , w e
su gg est a con dit ional in dir ect surv ey m ethod. In th at m ethod, only th e
respondent s w ho an sw er dir ect ly t o the less sen sit iv e question respon d
in dir ect ly t o th e m ore sen sit iv e one by u sin g the on e sam ple unrelat ed
question ran dom ized respon se technique w ith the kn ow n y , th e true

proport ion of unrelat ed group Y . W e ex ten d it to t w o sample m ethod
w hen y is unkn ow n . W e also con sider the case th at people w ho possess
les s sen sit iv e charact er an sw er untru thfully . F in ally w e compare our
m eth od w ith the m ethods of Greenberg et al. an d Carr et al..

K ey W ords : a con dition al indir ect surv ey m eth od, les s sen sit iv e
ch aract er , sen sit iv e charact er

1. Introduction

M ost of m arket in g an d opinion research com panies hav e collect ed in div idu al
inform at ion through v ariou s surv ey s . T hey are cont inuou sly doing effort t o
im prov e th e qu ality of surv ey t o obt ain m ore accurat e dat a . But som e respon dent s
w h o are asked qu est ion s w hich relat ed to priv acy or anti - social problem s m ay
refu se to an sw er or m ay deliberat ely falsify their r espon ses . It m akes w or se the
qu ality of surv ey dat a and raises the problem s of confidence . T he random ized
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r espon se t echnique (RRT ) w hich is one of indir ect surv ey m eth ods ha s been
proposed a s one m ean s of obt aining an unbiased estim at e of th e proport ion or
qu ant ity in a populat ion group of per son s possessin g a particular t r ait or
charact er istic w hich the per son s m ay be relu ct ant t o ackn ow ledge. T his m eth od
w a s fir st sug gested by W arner at 1965 as a related qu est ion form . He proposed a
indirect surv ey m ethod called RRT to procure tru stw orthy inform ation about
sen sit iv e data from th e respon dent s in sam ple surv ey , an d est im at ed th e sen sit iv e
population proport ion by u sing the dat a collected from ran dom izat ion device w hich
w a s com posed of sen sit iv e an d non sen sit iv e quest ion w ith respect iv e kn ow n

probabilit ies , p an d 1 - p .
Since th en , m any scient ist s hav e dev eloped th e m ethod. Greenberg et al.(1969)

im prov ed the W arner m eth od by replacing the non sen sit iv e qu est ion to the
unrelat ed one. H e also ex tended it t o t w o- sam ple cases in case the unrelat ed

proportion y is not kn ow n .

Loyn es (1976) replaced th e n on sen sit iv e qu est ion to a forcible qu est ion th at m ade
respondent s to an sw er only "y es". Carr et al.(1982) m odified the Loynes ' m ethod
t o a kin d of t w o st age m eth od an d proposed a con dition al r andomized respon se
(CRR ) m ethod for r educin g the st an dard error by askin g question s con dition al
upon earlier an sw er s . T hey borrow ed a com m on sen se that in th e typical situ at ion ,
n ot all subject s w ere not a sked a sub sequent question w hen their r espon se could
b e deduced from th eir an sw er to a previou s qu est ion . T h ey asked the m ore
sen sit iv e qu est ion t o respon dent s w ho an sw ered "y es " for th e earlier les s sen sit iv e
qu est ion . But , in Carr et al. ' s m eth od th e per son s hav e to u se the randomizat ion
device in t w ice and there is possibility th at som e people w h o said "y es " for the
forcible question in the fir st st ag e also m u st say "y es" by the sam e type quest ion
in second st age . In that case it m akes w or se th e quality of surv ey dat a and raises
the problem s of confiden ce.

W e con sider a m eth od, a condit ional in dir ect surv ey m eth od, t o im prov e qu ality
of surv ey data by askin g a dir ect qu est ion t o the people of possessin g les s
sen sit iv e charact er . In that m ethod, only the respon dent s w ho an sw er dir ect ly t o
the less sen sit iv e qu est ion respond indir ectly t o th e m ore sen sitiv e one by u sing
the one sample unrelated question random ized respon se technique w ith the kn ow n

y , the tru e proportion of unrelat ed group Y . W e ex t end it t o t w o sam ple

m ethod w h en y is unknow n . W e also con sider the case th at people w h o possess

les s sen sit iv e character r espon d untruthfully . F in ally w e com pare our m ethod w ith
the m ethods of Greenb erg et al. an d Carr et al..

2 . One s ample condition al indirect s urv ey m ethod

2 .1 truth fu l rep ort in g
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In this ch apt er , w e w ill su gg est a con dit ional on e sam ple in dir ect surv ey m ethod.
A ccordin g the m eth od, only the respon dent s w h o an sw er dir ect ly to th e less

sen sit iv e character B r espond indir ect ly to th e m ore sen sit iv e on e A by u sing
the Greenberg et al. ' s on e sam ple unrelat ed qu est ion ran dom ized respon se

t echnique w ith the know n y , the true proportion of unrelat ed group Y .

An SRSW R of size n is draw n from th e populat ion . In th e fir st st ag e each
int erv iew ee w ho is a sked dir ect ly the follow in g quest ion an sw er s "y es" or "no".

Do y ou h av e possess the less sen sit iv e charact er B ?

If w e as sum e th e respon dent s r espon d tru thfully , the v alu e of 1 w hich is the

probability of get t in g a "y es" is congruent corr espon ds t o the v alu e of 1 w hich

is the population proport ion of B . Let n 1 be the numb er of say "y eses", then

1 =
n 1

n
. T h e est im at or 1 of 1 is

1 =
n 1

n
. (2.1)

In the second st age, th e n 1 r espon dent s w ho said "y es" in the fir st st ag e,

r espond accordin g t o the result s of random ization device, R w hich is com posed of
Greenberg et al. ' s unrelat ed qu est ion t echniqu e.

< random ization device R >

cont ent s
select ion

probability

Qu est ion 1 I am a m em ber of Group A p

Qu est ion2 I am a m em ber of Group Y 1 - p

Let 2 be th e condition al probability of g et ting "y es " from the respondent s w h o

said "y es" in the fir st stag e.

2 = p 2

1
+ ( 1 - p ) y , (2.2)

w here 2 is the populat ion proportion of sen sitiv e group A , an d y is the

know n populat ion proportion of unrelat ed group Y .
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Let n 2 be th e num ber of "y eses" am on g n 1 r espon dent s , th en 2 =
n 2

n 1
.

T h e est im at or 2 of 2 is

2 =
1

np
[ n 2 - ( 1 - p) y n 1 ] . (2.3)

Since n 1∼ b ( n , 1 ) , an d n 2 ∼ b ( n , 1 2 ) , the expect ed v alue of 2 follow s

a s

E ( 2 ) =
1

np
[ E ( n 2 ) - ( 1 - p) y E ( n 1 ) ]

=
1

np
[ n 1 2 - ( 1 - p) y n 1]

= 2 .

2 is unbiased estim ator of 2 . T he v ariance of 2 is

Var ( 2 ) = Var [ n 2 - ( 1 - p) y n 1

np ]
=

Va r ( n 2 ) + ( 1 - p) 2
y

2 Va r ( n 1 ) - 2 ( 1 - p ) y Cov ( n 1 , n 2 )

( np) 2 (2.4)

Since n 1∼ b ( n , 1 ) , n 2 ∼ b ( n , 1 2 ) , an d n 2 n 1∼ b ( n 1 , 2 )

Var ( n 1 ) = n 1( 1 - 1 ) ,

Var ( n 2 ) = E [ Va r ( n 2 n 1 ) ] + Var [ E ( n 2 n 1 ) ]

= E [ n 1 2 ( 1 - 2 ) ] + Va r ( n 1 2 )

= n [ p 2 + ( 1 - p ) 1 y ][ 1 - p 2 - ( 1 - p) 1 y ] ,

Cov ( n 1 , n 2 ) = E ( n 1 n 2 ) - E ( n 1 )E ( n 2 )

= E [ n 1 E ( n 2 n 1 ) ] - ( n 1 )( n 1 2 )

= n ( 1 - 1 ) [p 2 + ( 1 - p ) 1 y ] .

If w e apply th e abov e three result s to the equation (2.4), w e can obt ain th e
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v arian ce of 2 .

Va r ( 2 ) =
1( 1 - p ) y {1 - ( 1 - p) y } - p 2{2 ( 1 - p) y + p 2 - 1 }

np 2 . (2.5)

2 .2 l e s s th an c om ple t e ly truth fu l rep ort in g

Let (0 ＜ ＜ 1 ) den ot e the prob ability that respondent s w ho belon g to group

B w ill tell the truth w hen confront ed w ith a dir ect question con cerning
m em ber ship in the fir st st ag e. It is further postu lated th at r espon dent s confront ed

w ith a qu est ion relat in g to m em ber ship in Group A w ill report t ruthfully b ecau se
they u se random ization device and respond indir ectly . T he prob ability of g et ting
"y es " is

2 ' = p 2

1
+ ( 1 - p) y . (2.6)

In this case th e est im at or 2 is biased est im at or of 2 an d the bias is

B ( 2 ) = 2 ( 1/ - 1 ) . (2.7)

H ence, the m ean squ ared error (M SE ) of 2 is obt ained as follow s .

M SE ( 2 ) =
1 ( 1 - p) y {1 - ( 1 - p) y } - p 2{2( 1 - p) y + p 2 - 1}

np 2 + { 2 ( 1/ - 1)}2 . (2.8)

3 . T w o s am ple condition al indirect s urv ey m ethod

In this chapter w e con sider the case th at the populat ion proport ion y of

unrelat ed group Y is unknow n , and w ill ext en d th e m ethod of chapter 2 t o tw o
sam ple case.

If the population proport ion y of unrelat ed group Y is unkn ow n in our

sug gested m ethod, w e need tw o in depen dent sam ple t o est im at e y . W e select

t w o SRSW R of size n 1i ( i = 1 , 2 ) from n 1 r espondent s w ho responded "y es" in

the fir st stag e.

T h e n 1i r espondent s r espon d according t o the result s of r an dom izat ion device ,

R ( i ) w hich is com posed of Greenberg et al. ' s tw o sample unrelat ed qu est ion

39



이기성·홍기학·손창권·남기성

t echnique.

< ran dom izat ion device R ( i ) >

cont ent s
selection

probability

Question 1 I am a m em ber of Group A p i

Question 2 I am a m em ber of Group Y 1 - p i

Let 2 i ( i = 1 , 2 ) be the con dition al probability of g ett ing "y es " from the n 1i

r espondent s .

2 i = p i
2

1
+ ( 1 - p i ) y , (3.1)

w here 1 , 2 are th e population proport ion s of sen sitiv e group B an d A , and

y is the unknow n populat ion proportion of unrelat ed group Y . Let n 2 i be th e

num ber of "y eses" am on g n 1i respondent s , th en 2 i =
n 2 i

n 1i
. T he est im at or 2

of 2 is

2 = 1 [ ( 1 - p 2 ) 21 - ( 1 - p 1 ) 22

p 1 - p 2 ]
=

1
n (p 1 - p 2 ) [ n 1 n 2 1

n 11
( 1 - p 2 ) -

n 1 n 22

n 12
( 1 - p 1 )], p 1 p 2 .

(3.2)

Since n 1∼ b ( n , 1 ) , n 2 i n 1i ∼ b ( n 1i , 2 i ) , the expect ed v alu e of 2 is

obt ain ed as follow s .

E ( 2 ) =
1

n (p 1 - p 2) [ 1 - p 2

n 11
E ( n 1 n 2 1) -

1 - p 1

n 12
E ( n 1 n 22) ]

=
1

n (p 1 - p 2) [ 1 - p 2

n 11
E ( n 1)E ( n 21 n 11) -

1 - p 1

n 12
E ( n 1)E ( n 22 n 12 ) ]
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=
1

n ( p 1 - p 2) [ ( 1 - p 2 ) n 11 21

n 11
E ( n 1) -

( 1 - p 1) n 12 22

n 12
E ( n 1) ]

=
1

n ( p 1 - p 2)
[ ( 1 - p 2 ) 21 n 1 - ( 1 - p 1) 22 n 1 ]

= 2 .

T h erefore, 2 is unbiased est im at or of 2 .

T h e v ariance of 2 is

Var ( 2 ) = Var[ 1
n (p 1 - p 2 ) {n 1n 21

n 11
( 1 - p 2 ) -

n 1n 22

n 12
( 1 - p 1 )}]

=
1

n 2 (p 1 - p 2) 2 [ ( 1 - p 2 ) 2 Var ( n 1 n 21)

n 11
2 +

( 1 - p 1) 2 Var ( n 1 n 22)

n 12
2

-
2 ( 1 - p 1)( 1 - p 2) Cov( n 1 n 21 , n 1n 22)

n 11n 12 ].

(3.3)

Since n 1∼ b ( n , 1 ) , and n 2 i n 1i∼ b ( n 1i , 2 i ) , w e can deriv e th e follow ing

equ at ion s .

Var ( n 1 n 21 ) = E [ Var ( n 1 n 2 1 n 11 ) ] + Var [ E ( n 1 n 21 n 11 ) ]

= E [ n 1
2 n 11 21( 1 - 21) ] + Va r ( n 1 n 11 21)

= n 11 21( 1 - 21)[n 1( 1 - 1) + ( n 1) 2 ] + ( n 11 21) 2 n 1( 1 - 1 ) ,

Var ( n 1 n 22 ) = n 12 22 ( 1 - 22 )[n 1( 1 - 1) + ( n 1) 2 ] + ( n 12 22) 2 n 1( 1 - 1 ) ,

Cov ( n 1 n 21 , n 1n 22 ) = E ( n 1 n 2 1n 1n 22 ) - E ( n 1 n 2 1 )E ( n 1 n 22 )

= E ( n 1
2 )E ( n 21 n 22 n 11n 12)

- E ( n 1)E ( n 21 n 11)E ( n 1)E ( n 22 n 12 )

= n 11n 12 21 22 n 1( 1 - 1 ) .

H ence, if w e apply the abov e three result s t o the equ ation (3.3), w e can obt ain

the v arian ce of 2 .
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Var ( 2 ) =
1[( 1 - 1 + n 1){( 1 - p 2 ) 2 21( 1 - 21 )

n 11
+ ( 1 - p 1)

2 22 ( 1 - 22 )
n 12 }]

n (p 1 - p 2) 2

+
2

2 ( 1 - 1 )
n 1

. (3.4)

4 . Effic iency comparis on

W e com pare our one sample m ethod w ith those of Greenberg et al. and Carr et
al. an d sug gest the condit ion w hich our m ethod is m ore efficiency than them .

In Greenberg et al. ' s m ethod, let g be th e est im at or of the population

proportion 2 of sen sit iv e group A . T he v arian ce of g is

Va r ( g ) =
2 ( 1 - 2 )

n
+

( 1 - p) [ p 2 ( 1 - 2 y ) + y {1 - ( 1 - p) y } ]

np 2 . (4.1)

Now , th e differ en ce Va r ( g ) - Var ( 2 ) is

Va r ( g ) - Var ( 2 ) =
( 1 - 1 ) ( 1 - p) y {1 - ( 1 - p) y }

np 2 . (4.2)

In equ at ion (4.2), if p 1 , 1 1 , th en Va r ( g ) - Var ( 2 ) ＞0 . T he

con dition s p 1 , 1 1 are sat isfied in g en eral. W e can see that the sug gested

one sam ple m eth od is m ore efficiency th an th at of Greenberg et al.. Hen ce w e can
im prov e the qu ality of surv ey dat a ev en th ou gh our m eth od is som ew hat
com plicate t o u se.

Next , in Carr et al. ' s m ethod, let c be the est im at or of the population

proportion 2 of sen sit iv e group A . T he v arian ce of c is

Va r ( c ) =
{p 1 + ( 1 - p )}( 1 - p) - 2 ( 1 - 2p + p 2 )

np
. (4.3)

T h e differ en ce Var ( c ) - Va r ( 2 ) is

Var ( c ) - Var ( 2 ) =
( 1 - p)[ 1 {p 2 - y ( 1 - ( 1 - p) y )} + p ( 1 - p) - 2p 2 ( 1 - y ) ]

np 2 . (4.4)
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F rom th e equat ion (4.4), w e can obt ain the condit ion region th at sat isfies

Var ( 2 ) ＜ Va r ( c ) a s follow s

2 ＜
1 [p 2 - y {1 - ( 1 - p) y }] + p ( 1 - p)

2p ( 1 - y )
, y 1 . (4.5)

H ence, our m ethod is m ore efficiency than th at of Carr et al. under th e con dit ion
(4.5) and m ore sim ple t o u se than that becau se of u sing only one random ization
device. But it is difficult to compare them an alytically as w e kn ow in (4.5). S o w e
do com pare them num erically and find the condit ion s in w hich th e sug gest ed
m ethod achiev es m ore efficien cy th an the corr esponding m ethod.

< T able 1> sh ow the relativ e efficiency

R E = Va r ( c ) / Var ( 2 )

obtain ed un der th e condition s n = 100 , 1 = 0 .5 , 2 of chan ging from 0.1 to

0.4 by 0.1, and p , y of changin g from 0.1 t o 0.9 by 0.2.

In < T able 1> the v alues great er than one dem on strate the gain s of efficiency for
the su gg est ed m ethod relativ e to Carr et al. ' s m eth od. W e can see that the

sug gested m eth od g en erally is effect iv e w h en the v alu es of 2 is decreasin g , and

p an d y are in creasin g .

5 . Conclu s ion s

F or im prov in g surv ey dat a quality , w e sug gest a con dit ional in dir ect surv ey
m ethod in w hich only th e respondent s w ho an sw er dir ect ly t o the less sen sit iv e
qu est ion respon d in dir ect ly to the m ore sen sitiv e on e by u sin g the unrelat ed
qu est ion ran dom ized respon se t echniqu e. W e com pare it w ith those of Greenberg
et al. an d Carr et al., gen erally our m eth od is m ore efficien cy th an Greenb erg et
al ' s m eth od ev en though it is som e com plicate in procedure. T he sug gested
m ethod can b e redu ced t o Greenberg et al. ' s on e sam ple unrelated qu est ion

t echnique if w e let 1 = 1 . H en ce, w e can kn ow th at th e su gg est ed m ethod is a

g en eralized form of Greenberg et al. ' s on e sam ple unrelated quest ion t echniqu e. S o,
the Greenberg et al. ' s one sam ple unrelat ed quest ion t echnique is a special case of
the sug gested m ethod.

Com parin g w ith Carr et al. ' s m ethod th e su gg est ed m eth od is effect iv e w hen the

v alu es of 2 is decreasin g , an d p an d y are in creasing .

W e also con sider th e case th at the respondent s w ho are confront ed a dir ect

qu est ion t ell the tru th w ith probability (0 ＜ ＜ 1 ) .
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W e ex t end our m eth od to tw o sam ple con dit ional in dir ect surv ey m ethod in ca se

the true proportion of unrelat ed character Y is not kn ow n .

<T able 1> Efficiency comparison betw een the two methods , the suggested one
sample conditional indirect survey method and Carr et al.' s method.

2
y

p
0.1 0.3 0.5 0.7 0.9

0.1

0.1

0.3

0.5

0.7

0.9

1.5779

2.8825

2.7924

2.1153

1.3333

0.7510

1.6651

1.9220

1.7078

1.2454

0.6209

1.3590

1.5913

1.4798

1.1733

0.6798

1.3285

1.4653

1.3451

1.1134

1.0955

1.5354

1.4653

1.2681

1.0632

0.2

0.1

0.3

0.5

0.7

0.9

1.2133

1.8733

1.7108

1.3662

1.0815

0.6436

1.3219

1.4343

1.2699

1.0644

0.5512

1.1775

1.3271

1.2163

1.0505

0.6228

1.2313

1.3271

1.1961

1.0396

1.0771

1.5500

1.4343

1.2061

1.0317

0.3

0.1

0.3

0.5

0.7

0.9

0.9373

1.3195

1.2110

1.0509

0.9794

0.5437

1.0578

1.1282

1.0434

0.9854

0.4815

1.0131

1.1282

1.0585

0.9935

0.5618

1.1327

1.2110

1.0980

1.0039

1.0548

1.5802

1.4193

1.1678

1.0166

0.4

0.1

0.3

0.5

0.7

0.9

0.7193

0.9567

0.9007

0.8532

0.9112

0.4499

0.8403

0.9007

0.8852

0.9308

0.4114

0.8577

0.9593

0.9379

0.9530

0.4964

1.0278

1.1028

1.0188

0.9781

1.0267

1.6363

1.4216

1.1419

1.0065
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