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I .  Introduction 

In sample surveys of human populat ier ls,  
re fusa l  to respond or I n t e n t i o n a l  u n t r u t h f u l  
repor t ing  cons t i t u te  customary headache to 
surveyors studying cer ta ln  soc la l  problem~ 
which are sens i t i ve  In nature. To overcom,~ 
such d l f f l c u l t l e s  and to ensure greater c,,o- 
perat lon on the part  of the respondents, 
Warner  [5 ]  d e v e l o p e d  a new s u r v e y  t e c h n i q u e  
w h l c h  he c a l l e d  the  Randomized  Response  
T e c h n i q u e .  S i n c e  t h e n ,  e x t e n s i v e  work  has 
been done t o w a r d s t m p r o v l n g  and m o d i f y i n g  
W a r n e r ' s  m o d e l .  T h i s  pape r  l s  a c o n t t n u a t t o n  
t o  one o f  t h e s e  a t t e m p t s ,  r e f e r e d  to  as t i l e  
Randomized  Response R a t l o  E s t i m a t e ,  a b b r e -  
v i a t e d  h e r e a f t e r  by RRRE. 

The p r e s e n t  r e s e a r c h  i s  d i r e c t e d  t o w a r d s  
o b t a i n i n g  a new e s t i m a t e  o f  t he  p r o p o r t i o n  
o f  t h e  s e n s i t i v e  c h a r a c t e r i s t i c ,  say A ba~ed 
on t he  r a t i o  R. The p r o p e r t i e s  o f  t he  es -  
t i m a t e  R and t h e  RRRE assum ing  c o m p l e t e  t r u t h -  
f u l l  r e p o r t i n g  w111 be s t u d i e d .  C o n d i t i o n s  
u n d e r w h l c h  the  p r e c i s i o n  and a c c u r a c y  o f  
t h e  RRRE may be I n c r e a s e d  a re  p r e s e n t e d .  

2. Random.lzed Response Ratlo Estimate 

The r a t i o  estlmate approach aims at Jslng 
Informat ion co l lec ted on some a u x l l l a r y  r~- 
lated c h a r a c t e r l s t l c ,  say B to estimate t~e 
propor t ion of another sens i t i ve  charac te r l s -  
t l c  A, wlth Increased p rec is ion .  Thls could 
prove to be true when the a u x l l l a r y  charao- 
t e r l s t l c  B, Is less sens i t i ve  (or even 
non-sens l t l ve)  than A, the one we are i n te -  
rested In measuring l t s  frequency. 

A l l  posslble means could be t r i e d  to 
Increase the prec ls lon of the estimate of R 
Inc lud lng proper choice of ln te rv lewers ,  f l e l d  
work con t ro l  and re la ted Informat ion from 
ava i lab le  sources. 

Applying a double sampling ~echnlque, 
the propor t ions la ,  Ib~ aKd R = ~a/  I b l  ^ 
may ~e found from the I r s t  samp ) where I[ a 
and I b l  are the sample estimates of the 
propor~lon of A and B, respec t l ve l y .  From 
the second sample, which may be a subsample 
from the f i r s t  one or an Independent sample, 
another estimate of the propor t ion of B, 
say Ib2 is found. Thus, the ~ample estimate 
of the sens i t i ve  propor t ion la may be 
deflned as f o l l o w i n g .  

^ ~ " 
= n ( . L )  l a l r  b'2 " " " 

At th ls  po in t ,  I t  should be noted that the 
~andomlzed ResponseRatlo Estlm~te of A, l . e .  
laa/r has two components; Rand Ib2 . I t  fo l lows 
th t the proper t ies  of each component should be 
studied before the discussion of the proper t ies  
of l a / r  

A 

* ~ a / r  r e f e r s  t o  t h e  e s t i m a t e  o f  I a  u s i n g  t h e  
r a t i o  estimate technique as deflnec by (1) ,  
to d i f f e r e n t i a t e  th ls  estimate from 
other est imates. 

^ 

2.1. The estlmate R and l t s  proper t ies  

As noted before, R w l l l  be obtained from the 
f i r s t  sample. The f i r s t  sample of size n I w111 be 
subdivided in to  two separate samples of size n l i  
and n12 , one of them to obtain la and the other 
to obtain I b l .  Using the Warner's dichotomous model 
[5] twice,  and assuming complete t r u t h f u l  r epo r t i ng ,  
the estimates of la and Ib take the form : 

^ (Pl - I )  +~1 
- -  

IIa 2 P l  1 

1 
for  pl # ~, I=1,2 . . .  (2) 

^ (P2 -1) +~2 
I b l  = 2P2-I 

Wi th  vaz ' l ances  g i v e n  by : 

^ l a ( l - I  a ) 
Vat ( la )  = n 

11 

a n d ,  

Pl(1-P1 ) 

n l l ( 2 P  I 
_1) 2 

. . .  ( 3 )  

^ Ib1 (1 -1b l )  P2(1-P2 ) 
Vat ( I b l ) -  + 

n12 n12(2P 2-1) 2 

Where  : 

P. : The p r o b a b l l l t y  of drawing the question of 
I i n t e r e s t  In the f i r s t  and second part  of 

the f i r s t  sample, i = 1,2 
h i : The propor t ions of "YES" answers in the 

f i r s t  and second part  of the f i r s t  san, p ie,  
r espec t i ve l y .  

Thus, R Is estimated by : 

^ 

R la (P1-1)+~1 (2P2-1) 
• . . .  ( 4 )  

= ~ b l  = T2p I 1) (P2-1)+X2 

I t  Is qu i te  d i f f i c u l t  to obtain the exact 
express ion for Var (R) , since that  estimate 
I~ bedded X Instead, an approximate expression 
for  Vor (R) derived by Abul-Ela et a l .  [1] is 
t t ~  f o  11 o~,'~^r d' 

^ 

Var  ( R )  = E ( R - R )  2 . . .  ( 5 )  

^ 

^ ^ 

1 [ Var ( I  a) + R2V 
= ~bl ar (Hb 1) 

^ ^  ^ 

-2Rp ~ar  (la)Var(Ibl) ] 

Where  : 
^ ^ ^ 

l a , l b l  and Rare the sample estimates of the 
true populat ion parameters I a , I b and R respec t l -  
r e l y ,  and 

A 

p denotes the estimate of the c o r r e l a t i o n  
c o e f f i c i e n t  between A and B. 

Abul-Ela e t al u[ln!.dlsc'Jssed the prec is ion 
of the estimate of R :~cr ce r ta in  assumptions 
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and they reached some general conclusions about 
the cond i t ions  under which the e f f i c i e n c y  of 
the r a t i o  estimate could be increased. To com- 
p lete the dlscusslon s tar ted by Abul-Ela to 
some of the proper t ies  of the r a t i o  est imate,  
an expression for  the blaB of that estimate 
w111 be der ived. 

I t  has been noted that  the cha rac te r i s -  
t i c  B could be chosen to be l ess - sens i t l ve  
than A~ or even non-sens i t i ve .  Therefore, 
Blab (R)= E (R-R) consider ing the two pos- 
s ib le  cholces of B w111 be b r l e f l y  t reated 
In the fo l l ow lng  paragraphs. 

2.1.1.  Case I : Bias (R) for  a l e s s - s e n s i t l v e  

Characterlstlc B 

Bias (R) i s  d~flned as fo l l ow ing  : 
Bias (R) = E (R-R) 

^ 

H a 
=E ( ~ -  R) 

~bl 
^ ^ 

H a - R Hbl 
=E ( ) 

~bl 
^ 

Flndlng an exact expression for  Bias (R) 
from th~ l as t  e~uatlon Is ra ther  tedious,  
since H a and Hbl var ies from sample to sample 
however, i t  is pc s l b l e  to der ive an approximate 
expression for  Bias (~) In the fo l l ow ing  form [2 ] :  

1 1 

L e t  E 1  - - - ' H b + ( H b l - H b  ) 

1 
Hb['+(n 1 Hb)] 

^Hb 

I Hbl-Hb -I 
= ~ (I+ ) 

IT b n b 
^ 

Hbl - Hb - I 
Expandlng(l+ ) by Tay lo r ' s  ser ies ,  

]i b 
resu l t s  in : 

Blab (R) : E[ (Ha-RHbl.) 1 ] 
Hbl 

^ Hbl- Hb - 1 .  
: E[ (Ha-RHbl) - - L ( l +  ) ] 

H b H b 
^ 

Hbl -H b 
^ 1 

= E[ (Ha-RHbl) T b  ( ! -  Hb 

- "b )2 

+ 2 - "  . . . . .  ) ]  
H b 

L l m l t t l n g  ourselves to the f i r s t  two terms 
In the expansIon~ since other terms w i l l  be of 
the order (I/n)Z~an approximate formula for 
B i a s  (R) I s  : 

^ ^ ^ ^ . 

1 _RII b )_  1 -RI I  ) ( [  - H b) B i a s  (R):  T b  E (H a 1 7b E(I Ia b l  b l  

^ ^ 

B u t ,  II a and  l l b l  a r e  u n b l a s e d  e s t i m a t e s  , 

thus 
^ ^ 

^ : 1  [ E H a (Hbl- B i a s  (R)-- 0 - ~ b  2 

^ ^ 

- R E HbI(H bl 

H b ) 

nb) ] 
^ ^ 

1 [E(Ha-H )(Hb -~ ) 
- 2 a 1 b 

IIb 

^ 

- RE (H bl-Hb )2] 

^ ^ ^ 

= 2 [  Coy (II a' Hbl )-R V a r ( I I  bl ) ] 
IIb 

^ 

[R v~  (.  ) -pV~r ( ;a )V~(~b~ i  ] . (~) 2 b l  "" 
IIb 

For p r a c t i c a l  a p p l i c a t i o n ,  the unknown true 
parameters H and R In the above expression, 
o~n be replacbed b~ their sample estimates. 
Therefore : 

Bias (R) : ~ Var(Hbl) -  ~ ar(Ha)Var(Hbl) ] . . .  (7) 
Hbl 

From (7) ,  the fo l l ow ing  concluslons could be 
reached [3] : 

I) Bias (R) decreases-as expected-as total sample 
s i z e  t n Q r e a s e s .  

2) B i a s  (R) d e c r e a s e s  as p i n c r e a s e s  f r om  
- I  to +I 

3) Bias (~) w i l l  be zero i f  : 

~/ ' ' , 
^ ^ . .  ^ 

R Var (Hbl)= ar(Ha)Var{Hbl) 

- - -  . , - -  
^ . .  ^ ^ 

I.e. if : H a =~/~ar (Ha)/Var {Hbl ) Hbl 

The l as t  remark Implies that  Bias (R)= 0 
i f  the regression of ~a on ~bl Is a s t r a i g h t  
l l ne  going through the or lg  , and the quan t i t y  
~/Var( ~a)/Var( nbl ) represents the slope of the 
regresszon l l n e .  
4) From (5) and (7) ,  ~Var (R) could be w r i t t en  

in terms of BlaB (R) as fo l l ow lng  : 
^ , , , ^  ^ , '  

I ) _R;/~ar (Ha)Vat (Hbl) ] Var (R) : -~-2 [ Var (n a 

nbl ^ 

+ R Bias (R) . . . . .  (8) 

Assuming a for  s i m p l i c i t y ,  that  n l l l n l 2  =I000 , 
say, p l ( ~ = p  nd under complete t r u t h f u  repor t lng  i 
Bias is numer lcal ly  inves t iga ted  In table ( I  . 
Results given in that  table show that  : 

a) For the same values of H , Bias (R) tends to 
decrease rap i d l y  wlth Inareaslng values of p, 
p and H b 

b) For pos i t i ve  values of p , the r a t i o  estimate 
tends to under-est lmate H a espec la l l y  with p 
co,ring c loser to "One". 

c) Bias (R) diminishes r a p l d l y ,  the more p 
approaches zero from e i t he r  s ide.  This may 
be explalned by the very nature of the r a t i o  
estimate and the dependence of the unbiased 
estimates of H a and H b on the biased estimate 
of R. 
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^ 

Based on these r e s u l t s ,  the f o l l o w i n g  recommen- Vat (Hb2) = 
dat ions may help increas ing the p rec i s ion  of R: 

1. Choose the two c h a r a c t e r i s t i c s  A and B h lgh ly  
p o s i t i v e  c o r r e l a t e d .  Low p o s i t i v e  or negative 
co r re l a ted  A and B, however, are not excluded. In 
t h i s  case, respondents could fee l  more con f iden t  

P3 to repo r t  about the s e n s i t i v e  t r a i t  A. 
2. Choose P as high (or as low) as poss lb le ,  
however, i t  should not be too high (or as low ) 
to arouse suspic ions  of the respondent .  X 3 
3. Choose the second c h a r a c t e r i s t i c  B to be more 
f requent  than the usua l ly  unknown c h a r a c t e r i s t i c  
A. In any case,  the l a s t  condi t ion  is expected 
to be s a t i s f i e d ,  s ince ,  the l e s s - s e n s l t i v e  or 
n o n - s e n s i t l v e  t r a i t  Is a n t i c i p a t e d  to be nore 
f requent  than the s e n s i t i v e  one. 

^ 

TABLE(1) Blas (R) for some values of Ha,H b P and p 
(B is l e s s - s e n s l t l v e )  

^ ^ 

IIb2( 1-IIb2 ) 
n 

2 

P3(1-P3 ) 
+ n2(2P3_1) 2 

where : Hb I = Hb2 = Hb, and 

... (11) 

: The p r o b a b i l i t y  of drawing the ques- 
t ion r e f e r r i n g  the respondent to charac-  
t e r i s t i c  B in the second sample. 

: The propor t ion  of "YES" answers repor ted  
by respondents when questioned about 
B in the second sample. 

TABLE (~)~ Bias (R) fo r  some values of Ha,Hb , andp 

(B Is n o n - s e n s l t i v e )  

P 

Ha P Hb - I  -.5 0 . I  .2 .5 I 

P 

,i p H b -I -.5 0 .I .2 .5 I 

. I  .6 .2 .2301 .1535 .0770 .0617 .0465 .0005 -.0761 
.6 .0200 .0114 .0029 .0012 -.0053 -.0057 -.0142 
.8 .0107 .0095 .0012 .0003 -.0007 -.0036 -.0084 

.9 .2 .0103 .0070 .0037 .0030 .0025 .0004 -.0028 
.6 .0009 .0006 .0002 .0001 .0000 -.0002 -.0006 
.8 .0005 .0003 .0001 .0000 .0000 -.0001 -.0004 

.2 .6 .2 .3080 .2310 .1540 .1385 .1232 .0770 .0000 
.6 .0229 .0144 .0058 .0041 .0023 -.0028 -.0114 
.8 .0120 .0072 .0024 .0014 .0005 -.0024 -.0072 

.9 .2 .0150 .0113 .0075 .0067 .0060 .0037 .0000 
.6 .0012 .0003 .0004 .0003 .0002 -.0,)01 -.0005 
.8 .0006 .0003 .0001 .0001 .0000 -.0001 -.0004 

. I  .6 .2 .0257 .0138 .0020 -.0004 -.0027 -.0098 -.0217 
.6 .0034 .0017 .0011 -.0001 -.0005 -.0015 -.0032 
.8 .0015 .0008 .0000 -.0001 -.0003 -.0007 -.0014 

.9 .2 .0068 .0044 .0020 -.0015 .0010 -.0003 -.0027 
• 6 .0007 .0004 .0001 .0001 .0000 -.0002 -.0005 
• 8 .0003 .0002 .0000 .0000 .0000 -.0001 -.0003 

• 2 .6 .2 .0277 .0158 .0040 .0016 -.0007 -.0078 -.0197 
• 6 .0036 .0019 .0002 -.0001 -.0004 -.0015 -.0032 
.8 .0015 .0008 .0001 -.0001 -.0002 -.0007 -.0014 

.9 .2 .0095 .0067 .0040 .0035 .0030 .0013 -.0015 
• 6 .0009 .0006 .0002 .0001 .0000 -.0002 -.0005 
.8 .0004 .0002 .0001 .0000 .0000 -.0001 -.0003 

2 .1 .2 .  Case I I  : Blas (R) fo r  a non-sens i t l ve  

( ' h a r a c t e r l s t l c  B 

Assuming B Is a n o n - s e n s l t l v e  c h a r a c t e r i s t i c  
but r e l a t e d  to A, the re forH h ~ill be est lmatcd 
[rom d i [ e c t  i n t e rv iewing .  TSus, the es t imates  
H a and hbl wi l l  be obtained using the f i r s t  sample 

as a whole. 
^ 

Bias (R)will  take the same form as !liven 
by (7) ,  with the sample es t imate  of Vat (Hbl) 
given by : 

^ ^ 

Vat (~bl) = Hbl (1 -Hbl ) /n l  . . .  (9) 

^ 

Considering th l s  assumption, Bias (R)will  be 
numerical ly  i n v e s t i g a t e d  under t r u t h f u l  re -  
po r t i ng .  Table (2) presents  a summary of t h l s  
i n v e s t i g a t i o n .  

^ 

As expected, Bias (R) decreases r a p i d l y  
so long as B Is considered non -sens l t i ve .  A l l  
other ~onolusi~ns and recommendations about 
Bias (R) mentioned in the previous Case I 
s t i l l  hold. 

^ 

2.2. The est imate Rb2 and I t s  p rope r t i es  

As noted before _ ~b est imates the pr,)por- 
t l on  of cha r .ao te r i s t l c  2B from the second sam 
ple of s ize n 2. Assuming complete t r u t h f u l  
r e p o r t l n g ,  the~ the randomlzed response es- 
t imate [5] of Hb2 Is : 

^ (P3-1 )+X3 
Hb2 = (2P3- I )  ' P3 ~ ½ . . . .  ( I 0 )  

This es t imate  is unbiased wlth sample es t lmate  
of the variance [5] : 

3. Proper t ies  of the Randomized Response Ratio 

Estimate (~a / r )  

In t h i s  sec t ion ,  the p rope r t i es  of the RRRE 
of A. l . e .  Ha/r as given by (1) w i l l  be d i s -  

cussed in b r i e f ,  cons ider ing the two d i f f e r e n t  
cases about the choice of the second characte-  
r i s t i c  B : 

Case I : B Is l e s s - s e n s i t l v e  than A. 

Case I I  : B is n o n - s e n s l t l v e  

3.1. Case I : B is Less-Sens i t i ve  than A 

Assuming tha t  A Is a s e n s i t i v e  c h a r a c t e r i s -  
t i c  and B is a re la ted  but l e s s - s e n s l t i v e  t r a i t ,  
two independent simple random samples of s ize 
n I and n 2 are drawn with^ replacement. As noted 

before,  tho est imate R is computed from the 
sub-sample^ of size n l l  from the f i r s t  sample 

and ~b2 computed from the second sample. The 

f i r s t  sample is expected to be la rger  than the 
second, because the f i r s t  sample w i l l  be used 
to obtain the est imates IIaand Hbl , in a d d i t i o n ,  

A is expected to be less f requent  than B. 
^ 

Thus A the RRRE of ~, can be estimated in terms 
of R and lib2 from the fo~lowing r e l a t i o n .  

^ ^ ^ ^ ^ ^ 

I l a / r  = R. ][bZ = (IIa /Hb l  )" Hb2 

Assuming complete truthful repor~in~ in 
bxoth samples, the unbiased estimates Ha,Hbl 

Hb2 are as given before. 

and 
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^ 

3.1.1 Var ( I I a / r )  : 
^ 

The e s t t m a t ~  1 I ~ r  i s  d e p e n d e n t  on i s  t h e  e x p e c t e d  
b i a s e d  e s t t m a t c  R. e d e n t l y  s o ,  [ [ a / r  

t o  be b i a s e d ,  and  an e x a c t  e x p r e s s i o n  f o r  i t s  
v a r i a n c e  i s  q u i t e  d i f f i c u l t .  T h e r e f o r e ,  an 
a p p r o x i m a t e  e x p r e s s i o n  f o r  v a t  ( [ [ a / r )  w t l ]  be 
derived as f o l l o w i n g  [ 2 , 3 , 4 ]  : 

^ ^ 

[ [a/ r  -[[a = R rib'2 - ria 
^ ^ 

= (Ha/~b l )  Hb2 - H a ^ ^ 
[[a ria , ̂  

= ( - - - -  H b - H a ) + ,Hb2 
Hbl ~bl 

Ha ^ 
Hb ^ - R~bl b2 b = ~ - -  (H a ) + - -  (11 - H ) 

~bl ~bl 

- H b ) 

In o r d e r ^ t o  obtain an approximate expression 
for the Var (Ha/r) , It Is possible to replace 

the factor ( ]Ikk/]1 ) by unity in the firs " term of 
the above equa~l~ l.^Also, it is possible to repla- 
ce the factor (Ha/Hbl) in the second component in 
the same equation b~ ~he population ratio R = Ha/H b 
[ 2 ] ,  considering t h a t  ~a '  l l b l  and ~b2 are unblase 
e s t i m a t e s .  

Thus,  the  l a s t  e q u a t i o n  can be w r i t t e n  in the 
fo rm : 

^ ^ ^ 

Halr - Ha= ( l a  - R Hbl) + R ( r i b 2  Hb) 

It Is clear that the first term Is due to the 
first sample, and the other term comes from the 

is an unbiased est imate and E( -R)=Bias( ) Since Ib2 

as given be fo re ,  then : 

^ ^ 
E ( r i a / r )  = Coy (R, rib2)+ [[b Bias (R) + R H b 

^ .. 
E (Ha/r  ) - R rib = Coy (R , I  'b2 ) + H b Blas (R) 

^ ^ ^ 
V/~r(R) var(H b2)+ribBIas (R) ." B i a s  ( n a / ~ ) = p I R , ~ b 2 

. . .(14) 

3.1.3.  P rec i s ion  of the RRRE, ~a/ r  : 

In t h i s  s e c t i o n ,  the p r e c i s i o n  of the RRRE(R . ) 
w i l l  be numer i ca l l y  I n v e s t i g a t e d  fo r  d i f f e r e n t  v ~ s  
of parameters of I n t e r e s t .  For s i m p l l c l t y ,  I t  Is 
assumed tha t  : 

( I )Pl  = P2 = P3 = P 

= 2000 and w i l l  be d i v ided  In to  two samples 
( I I ) n l  of equal s ize ( n l l  = n12 = n l / 2  = I000) 

^ 
and to obta in  the est imates I a bl  

( i i l ) n  2 = 1000 to ob ta in  the est imate ~b2 

From equat ions (13) and (14) and f o r  these 
parameters va lues,  tab les  (3) and (4) w i l l  present  
the r e s u l t s  of t h l s  I n v e s t i g a t i o n .  

From tab le  ( 3 ) ,  the f o l l o w i n g  t rends could be 
e a s i l y  observed : ^ 
(a) For the same values of [[a,Var ( Ha/r)  decreases 

fo r  i nc reas ing  values of P, H b and p . The lowest  

values are always reached the more p Is coming c lose r  
to "one". 

second sample. I f  the two samples are drawn Inde- (b) High (or low) values of p helps decreasing the 
p e n d e n t l y ,  t h e n  t h e  a p p r o x i m a t e  f o r m u l a  f , ) r  V a r ( ~ a / r )  v a l u e  o f  Var ( I I a / r )  . T h i s  r e s u l t  I s  due  t o  t h e  c o n -  
w i l l  be : t r i b u t i o n  o f  t h e  r a n d o m i z i n g  d e v i c e  t o  t h e  v a r i a n c e ,  

^ ~ ^ . which decreases wi th  Inc reas ing  p. 
Var ([[a/r) = Var( a - R IIbl)+ R2 Var (lib2 - lib) 

=Ever (~a)+R2Var(Rbl)-2Rp ~ ) V a r ( R b l )  ] 
^ 

+ [R 2 Var ( r ib2 )  ] . . . .  (12) 

In add i t on ,  tab le  (4) shows tha t ^excep t  formodecate 
r e l a t l o n s h i p  between A and B, Bias ( Ha/r ) is almost 

n e g l l g i b l e  and comes c loser  to "zero"  w i th  p approa- 
ching + 1. w 

These r e s u l t s  are g e n e r a l l y  In agreement wi th  
^ ^ ^ 

Where Var ( [ [a) ,  Var (Hbl)  and Var (Hb2) are as given Abu11Ela et  a l  . [ 1~ r e s u l t s  i Also our prev ious 
c o n c  u s i o n s  c o n c e r n i n g  B i a s  R ) ,  e x c e p t  f o r  t h e  

be fo re ,  and the sample est imates can be used ins tead s i t u a t i o n  when p approaches zero from e i t h e r  s~de, 
are close to those above mentioned about Var ( I I a / r )  

TABLE (3)  V a r ( ~ a / r )  f o r  H b f rom 0 .2  to 0 . 8 ,  f o r  

some va l ues  o f  II a , p and p. 
(B l e s s - s e n s i t i v e )  

ria P H b - I  -.5 0 .3 .5 I 

of the unknown t rue  parameters.  
^ 

From (5) and (12) , Var (Ha/r ) may b~. • written: 

° " 2  R2 ^ 
Var(iia/r) = I[bl Var ( ) + Var (lib2) .... (13) 

^ 

3 .1 .2 .  Bias ( l a / r )  : 

^ 
Tô  d e r i v e  an a p p r o x i m a t e ^  f o r m u l a  f o r  B i a s  ( I [ a / r )  

w h e r e  I I a / r  i s  g i v e n  by ( 1 ) ,  I I a / r  may be w r i t t e n  a s  

f o l l o w i n g  [3] : 

^ ^ 

l a l  r = [(R-R ) +R] [(Hb2- I b) + rib] 
.. ^ 

= ( R - R ) ( I I b 2 -  [ [b)+[[b (R-R) 
^ 

+ R(IIb2 - rib ) + R II b 
^ ^ ^ 

E ( [ [ a / r ) = E  ( R - R ) ( I I  b 2 -  I Ib)+ IIb E ( a - R '  
^ 

+ a E( I Ib2-  [[b ) + R [Ib 

• I .6 .2 .01529 ~01223 .00917 .00733 .00611 .00305 
.4 .00995 .00841 .00687 .00595 .00533 .00379 
• 6 .00849 .00746 .00644 .00583 .00542 .00439 
.8 .00781 .00704 .00628 .00582 .00552 .00475 

.9 .2 .00064 .00051 .00038 .00031 .00025 .00012 
.4 .00042 .00035 .00028 .00024 .00021 .00014 
• 6 .00034 .00030 .00025 .00022 .00020 .00016 
.8 .00030 .00027 .00024 .00022 .00021 .00018 

• 2 .6 .2 .03080 .02464 .01848 .01479 .01232 .00616 
.4 .01547 .01237 .00928 .00742 .00619 .00209 
• 6 .01168 .00962 .00755 .00631 .00545 .00342 
.8 .01001 .00847 .00693 .00601 .00539 .00385 

.9 .2 .00150 .00120 .00090 .00072 .00060 .00030 
• 4 .00083 .00066 .00049 .00039 .00032 .00015 
• 6 .00061 .00049 .00038 .00031 .00027 .00015 
• 8 .00049 .00041 .00034 .00029 .00027 .00019 
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TABLE ( 4 )  Bias ( ha/r ) for I a = 0.1,0.2, for 

some values of Ib, p and p 

( B less-sensltlve) 

II a p E b p=.6 p=.9 Ita p ib p=.6 p=.9 

. I  - 1 . 2  . 0 0 0 0 0  .00002 
• 4 .00000 .00003 
.6 .00000 .00004 
.8 .00000 .00005 

-.5 .2 .01042 .00060 
• 4 .00276 .00019 
• 6 .00125 .00008 
.8 . 0 0 0 7 0  .00005 

.5 .2  .01335 .00066 
. 4  .00314 .00019 
.6 .00136  .00008 
• 8 .00075 .00004 

I .2 .00001 -.00001 
• 4 .00000 - . 0 0 0 0 5  
.6  .00000  - . 0 0 0 0 7  
.8 .00000 -.00014 

.2 - 1 .2 .00001 .00001 
.4 .000C0 .00002 
.6 .00000 .00002 
.8 .000C'0 .00002 

-.5 .2 .019~3 .00096 
. 4  .00527 .00031 
.6 .002z1 .00015 
.8 .0011.6 .00012 

.5 .2 .03079 .00097 
.4 .0063'6 .00040 
.6 .00286 .00017 
.8 .00155 .00010 

1 .2 .00000 .00000 
.4 .00000 -.00021 
.6 .00000 -.00016 
.8 .00000 -.00014 

TABLE (5) Var (Hair)  for  II b from 0.2 to 0.8,  

for  some values of II a , p and p 

(B non-sens l t l ve )  

P 

I a P IIb - i  -.5 0 .3 .5 

• I .6 .2 .00359 .00335 .00310 .00300 .00285 .00261 
.4 .00336 .00321 .00306 .00297 .00291 .00276 
.6 .00325 .00315 .00305 .00299 .00295 .00285 
.8 .00316 .00310 .00304 .00300 .00298 .00292 

.9 .2 .00026 .00022 .00017 .00014 .00012 .00007 
.4 .00019 .00016 .00013 .00011 .00010 .00008 
• 6 .00016 .00014 .00012 .00011 .00010 .00008 
.8 .00013 .00012 .00011 .00010 .00010 .00009 

.2 .6 .2 .00431 .00381 .00332 .00303 .00283 .00233 
• 4 .00378 .00347 .00317 .00299 .00287 .00256 
• 6 .00353 .00332 .00312 .00300 .00292 .00271 
• 8 .00334 .00322 .00310 .00303 .00298 .00286 

.9 .2 .00061 .00050 .00039 .00032 .00028 .00017 
.4 .00037 .00031 .00024 .00020 .00017 .00011 
• 6 .00028 .00032 .00019 .00016 .00015 .00010 
.8 .00022 .00019 .00017 .00016 .00015 .00012 

3.2. Case I I  : B I s  a Non-sens i t ive C h a r a c t e r i s t i c  

F o r  a non-sens l t l ve  c h a r a c t e r i s t i c  B, the f i r s t  
s a m p l e  w i l l  be  u s e d  t o t a l l y  t o  e s t i m a t e  I , u s i n g  
the randomized response tehnlque, meanwhl~e the 
other est imate E w i l l  be estimated from the 
~ame sample by d l ~ c t  In te rv lew ing ,and  the est imate 
R Is computed. The second est imate Ib2 w111 be found 
from the second sample by quest ion ing respondents 
about t h e l r  a f f i l l a t l o n  to group B d l r e c t l y ,  There- 
fore : E a / r  w111 be  : 

^ 

^ ~ a  

~ a / r  : R ~b2 : ("--~-'---) ~b2 
I b l  

w h e r e  : 

( I )  ~bl = ( n l / n l )  and ~b2 = (n2/n2) 

(11) "n I and ~n 2 : the number of "YES" answers to 

the non-sens l t l ve  quest ion in the f i r s t  and 
second sample, r e s p e c t l v e l y .  

The approximate expressions for  the variance 
and the bias of Ea/r w l l l  be as^glven by (13) and (14) 

tak ing In to  account tha t  Var ( I b l )  and Var (~b2) wlll 

be t he  r e g u l a r  b i n o m i a l  v a r i a n c e  , l . e .  : 

Var  ( H b l )  = ( ~ b l ( l -  ~ b l ) / n  i , f o r  I = 1 , 2  

TABi.[ (6) * Relatlve Efficiency of RRRE wlth B non-sensltlve 
to RRRE with B less-sensltlve for some given 
values of I a , I b , P and p 

P 

H a P I-D - I  -.5 0 .5 i 

. I  .9 .2 246 232 223 208 150 
.4 221 219 215 210 200 
.6 212 214 208 200 200 
.8 231 225 218 210 200 

.2 .9 .2 246 240 231 214 176 
.4 224 213 204 188 136 
.6 218 213 200 180 150 
.8 223 216 200 180 158 

* Re la t lve  E f f l c l e n c y  def lned by 
^ 

V a r ( l a / r )  (L .S . )  

Var (~a/ r )  (N.S.) 
x I00 

The s l m l l a r i t y  of the observed trends of 
the blas and variance values of R and Ea/r i n d i -  

cated in t h l s  paper and as presented in tables (1,2 
. . . .  26) suggests the f o l l ow lng  recommendations" 
The accuracy of the Randomized Response Ratlo 

Tables (5) and (6) shows in b r l e f ,  the s lzeable gains Estimate ( I  a ) Is increased when • 
In e f f i c i e n c y  of the RRRE when the second characte-  (1) B Is mor~rfrequent~ than n~, and 
r l s t l c  B is non -sens l t l ve ,  assuming tha t  F~1=2000 , (2) B is l e s s - s e n s l t l v e  and is be t te r  to be non- 

s e n s l t l v e ,  and 
(3) A and B are h Igh ly  p o s i t i v e  co r re l a ted .  

Considering the magnitude of the variance and 
the b~as presented by t a b l e ( 7 ) ,  I t  Is seen that  
Var ( I Ia / r )  is dominating the MSE of the est imate.  

Therefore, the ear l y  noted recommendation to 
choose A and B such that  p is close to 0 to minimize 
the blas Is of no s i g n i f i c a n c e .  

(4) Choose P as hlgh ( or as low) as poss lb le ,  
w i thout  being too revea l i ng .  

n2=1000 and a l l  respondents t e l l  the t ru th .Such 
resu l t s  are qu i te  expected, since the f i r . . t  
sample Is used, as a whole, to f lnd  laand R. In 

a d d i t i o n ,  the c o n t r i b u t i o n  of the randomizing d~vlce 
to Var ( E b l )  denoted by Pi ( l " P i ) / [ n i ( ; ' P l - 1 ) 2 ]  

Is e l im lnated because of d i r e c t  in terv lewJng.  
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TABLE ( 7 ) C o n t r i b u t i o n s  of ~FBlas (~ / r  )] 2 t o  
HSE ( ~ a l r ) *  for I f feren~ alues of 

parameters, ( B less -sens l t i ve )  

II a P IIb -1  - . 5  .5  1 

.I .6 .2 .0000 .8794 2.8339 .0000 
.4 .0000 .0903 .1835 .0000 
.6 .0000 .0201 .0332 .0000 
.8 .0000 .0057 .0090 .0000 

.9 .2 .0000 .0588 .1600 .0000 
.4 .0000 .0000 .0000 .0000 
.6 .0000 .0000 .0000 .0000 
.8 .0000 .0000 .0000 .0000 

.2 .6 .2 .0000 1.5243 7.1450 .0000 
.4 .0000 .2234 .7313 .0000 
.6 .0000 .0603 .1484 .0000 
.8 .0000 .0212 .0445 .0000 

.9 .2 .0000 .0750 .1500 .0000 
.4 .0000 .0000 .0313 .0000 
.6 .0000 .0000 .0000 .000() 
.8 .0000 .0000 .0000 .0000 

[ Bias( Ha/r ) ]2 

HSE 
x 100 

4. Conclusion 

Randomized Response Technique has been used 
to estimate the proport ion ~ of Indlv lduals with 
st igmat iz ing cha rac te r i s t i c  ~. Thls has been 
possible by get t ing information on such a charac- 
t e r l s t l c  by i nd i rec t  interv iewing method on a 
p robab l l l t y  basis. Feellng se l f  protected, the 
chances of cooperation from respondent's slde 
increase, and better  estimates are expected. 

An addl t lona l  source of se l f - p ro tec t l on  arises 
from estimating ~ based on Information col lected 

on some a u x l l l a r y  related less-sens l t l ve  or even 
non-sensit lve cha rac te r i s t i c  B. 

^ 

Thus, the RRRE of~ a , 1.e. (Ra/r) is derived and 

i t s  propert ies are studied. Numerical invest igat ions 
of Bias (~a/r)  and Var ( ~ a / r )  helped In reaching 

some rules about the optimal values of the estimating 
parameters ~b' P and p which increase the accuracy 

~a " In our presentat ion, re- of the estimate / r  

peated sampling of the same populatlon wlth two 
independent samples has been used to estlmate~ a. 
The question Is open as to whether I t  Is more prac- 
t l c a l  to get the information on A and B, from the 
same sample. I t  should be noted In th is  connection 
that chances of bias resu l t lng  from correlated 
answers and less cooperation from interviewers 
may be increased. 
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