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I .  INTRODUCTION AND SUMMARY 

T h i s  paper c o n s i d e r s  t h e  p rob lem o f  
a random sampl e, f o r  most o f  whose 
e l emen ts  two random v a r i a b l e s  a re  
obse rved .  In  some cases o n l y  one o f  t h e  
two v a r i a b l e s  i s  obse rved .  The goa l  i s  
t o  make c e r t a i n  i n f e r e n c e s  about  t h e  
" p o p u l a t i o n " ,  w i t h o u t  knowing f o r  su re  
what r e a s o n a b l y  may be assumed about  t h e  
s i m i l a r i t y  o f  t h e  c o m p l e t e l y  observed  
and p a r t i a l l y  observed cases.  

S p e c i f i c a l l y ,  a sample o f  hous ing  
u n i t s  r e c e i v e  two i n t e r v i e w s  c o v e r i n g  
consecu t  i ve s i  x -month  t i me per  i ods.  The 
purpose  i s  t o  e s t i m a t e  t h e  p r o p o r t i o n  o f  
u n i t s  i n  t h e  p o p u l a t i o n  which 
ex per  i enced some p a r t i  cu l  ar  t y p e  of  
c r  i me dur  i ng t h e  twe l  ve-month per  i od 
covered  by t h e  two i n t e r v i  ews. The 
f o l l o w i n g  r e s u l t s :  g i v e n  as p r o p o r t i o n s ,  
were o b t a i n e d  f o r  t h e  c r i m e  o f  b u r g l a r y  
f rom t h e  U.S. N a t i o n a l  Cr ime Survey  f o r  
i n t e r v i e w s  d u r i n g  1980. 

TABLE 1 
Reported Burglary in Second 

Interview 

No Yes 

Reported No .931499 .032916 .964415 
Burglary in 
Ist Interview Yes •031947 .003639 •035586 

• 963446  . 036555  1 .  000001  

Let "Group A" refer to this group of 
units with two completed interviews. The 

entries in this table will be denoted by 

pA(i:j); i=0:1, j=0:l; where i pertains 
to the first interview and j to the 
second.  The c o r r e s p o n d  i ng popul  a t  i on 
p r o p o r t i o n s  w i l l  be denoted by # A ( i : j ) .  
Based on t hese  Group A hous ing  u n i t s ,  
f o r  which two i n t e r v i e w s  were c o m p l e t e d ,  
i t would be e s t i  mated t h a t  
1 - -pA(0 :0 )= .068501 :  or  6.9% of  t h e  u n i t s  
i n t h e  popul  a t  i on were " t ouched  by 
b u r g l a r y "  d u r i n g  a t w e l v e - m o n t h  p e r i o d .  

However~ f o r  some hous ing  u n i t s  i n  
t h e  sample:  one o f  t h e  two i n t e r v i e w s  
may be m i s s i n g .  The i n t e r e s t  i s  then  i n  
what would have been r e p o r t e d  on t h e  
o t h e r  i n t e r v i e w .  For e.vampl e, t h e  
f o l  1 owl ng r e s u l t s  were o b t a i  ned f o r  
t h o s e  u n i t s  (Group C) whose f i r s t  
i n t e r v i e w  was m i s s i n g .  

TABLE 2 
Reported Burglary in Second 

Interview 

No Yes 

Reported No p = ( O , O )  p=(O,1): p=(O,•) 
Burglary in 
I s t  Interv iew Yes 0c(lsO) p c ( l , l ) I  p c ( l , - )  

.959426 .040574 1.00000 

The problem is to estimate 1-#c(0:0) 

using i nf ormat i on from Group A, but 

keeping in mind that Groups A and C may 
have different characteristics. Group B 

(those with missing second interview) is 
treated similarly. 

This paper compares several 
approaches to this problem. Section II 
descr i bes four al ternat i ve estimators 

which may be calculated using the known 

values shown in the above tables: based 
on al ternat ive assumpt ions about the 

rel ati onshi ps between the groups. 

Section I I I describes an al ternative 
approach ,  which stems f rom t h e  work of  
Eddy, e t  a l  (1981) .  Data a re  c o l l e c t e d  
on t h e  p r o p o r t i o n  o f  hous ing  u n i t s  which 
r e p o r t  c r i m e s  i n each t h r e e - m o n t h  
q u a r t e r  of  t h e  t w e l v e - m o n t h  p e r i o d .  The 
i d e a  i s  t o  assume a s p e c i f i c  f a m i l y  o f  
p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  t h e  j o i n t  
d i s t r i b u t i o n  o f  random v a r i a b l e s  which 
i n d i c a t e  v i c t i m i z a t i o n  i n  each q u a r t e r .  
I t  i s  assumed t h a t  t h e  d i s t r i b u t i o n s  f o r  
Groups A, B, and C a re  members o f  t h e  
same fami I y, but may have di f ferent 
parameters. Max i mum I i kel i hood 

e s t  i mates o f  t h e  " t o u c h e d - b y - c r  i me" 
p r o b a b i l i t y  f o r  t h e  m i s s i n g  da ta  g roups  
a re  c a l c u l a t e d  under  t h e  assumed model .  
T h i s  approach no t  o n l y  uses more 
i n f o r m a t i o n ,  bu t  p e r m i t s  a t e s t  o f  t h e  
model .  

These model-based estimators can be 
very sensitive to serious lack of fit in 

the assumed model (Alexander and Roebuck 

(1983)). Consequently it is important to 
test the f i t of these model s. In 

Sections IV, V, and VI: three of the 
models are tested for Group A and: to 
the extent possible, for Group C. In 

Section VII: the models are used to 

s t u d y  t h e  behav i  o r  of  t h e  s i  mpl er  
e s t i m a t o r s  o f  S e c t i o n  I I ,  assuming t h a t  
one of  t h e  models a p p l i e s .  S e c t i o n  V I I I  
c o n t a i n s  a d i s c u s s i o n  o f  t h e  r e s u l t s .  

The o u t l i n e  o f  t h i s  work was 
pr  esen ted  i n AIex  ander and Roebuck 
(1983) .  The da ta  f o r  t e s t i n g  t h e  f i t  o f  
t h e  var  i ous model s have now been 
o b t a i n e d  f rom t h e  NCS P u b l i c  Use F i l e  a t  
t h e  U n i v e r s i t y  o f  M i c h i g a n .  The models 
proposed e a r l i e r  do no t  f i t  t h e  da ta  i n  
c e r t a i n  i m p o r t a n t  r e s p e c t s .  T h i s  appears  
t o  be because t h e  models have no t  t aken  
i n t o  accoun t  c e r t a i n  response  e r r o r  
p a t t e r n s  which a re  known t o  be p r e s e n t  
i n  t h e  NOB s u r v e y  d a t a .  T h i s  c a l l s  f o r  
f u r t h e r  work.  However, t h e  r e s u l t s  o f  
S e c t i o n  V I I  i n d i c a t e  t h a t  some o f  t h e  
e s t i m a t o r s  i n  S e c t i o n  I I  may e v e n t u a l l y  
p rove  t o  be s l i g h t l y  s u p e r i o r  t o  t h e  
p r e s e n t  p u b l i s h e d  e s t i m a t o r .  
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The problem has special features as 
it applies to the NCS. The proportions 
in Table 1 are for a combination of six 

different twelve-month periods, with the 
first interviews taking place in the 
months o f  J a n u a r y  t o  June 1980. (For  
example ,  t h e  g roup  w i t h  f i r s t  i n t e r v i e w s  
i n  J a n u a r y  was a l s o  i n t e r v i e w e d  i n  J u l y  
and the two i ntervi ews covered the 
period July 1979- June 1980.) As with 
the usual NCS estimated crime rates, the 
estimated proportions are calculated 

using weights equal to the unit" s 
inverse probability of selection, with 
var i ous other adjustments. For these 

estimates, Group A consisted of about 
43,000 units; Groups B and C contained 
about Ii,000 and 13,000 respectively. 

Each of the latter groups contains about 
2500 refusals or other noninterviews of 
eligible units. Of the remaining cases, 

about 8500 in Group B are "outgoing" 
units which are getting their last 
scheduled interview and are about to be 
replaced by roughly 8500 "first bounded 
i ntervi ew" units new to the survey, 
wh ich  are i n c l u d e d  i n  Group C. The 
r e m a i n i n g  2000 u n i t s  i n  Group C a re  
p r i m a r i l y  t h o s e  wh ich  missed an 
i n t e r v i e w  due t o  an e x p e r i m e n t  wh ich  
ended i n  e a r l y  1980. 

I t  i s  l i k e l y  t h a t  Groups B and C 
d i f f e r  f rom Group A and f r om each o t h e r .  
The new housing units getting their 
first bounded interview tend to report 
crime at a somewhat higher rate than the 
average unit, and units which are in for 
their final visit have a slightly lower 
rate. Units which have a refusal on one 

i ntervi ew may have di f f erent 

characteristics than the population as a 
whole. In addition, some units in Group 
C, whi ch were v a c a n t  o r  r e f u s e d  
i n t e r v i e w  a t  t h e  p r e v i o u s  v i s i t ,  w i l l  
have a r e f e r e n c e  p e r i o d  wh ich  i s  no t  
bounded by a p r e v i o u s  i n t e r v i e w :  so t h a t  
they may report extra crimes which 
o c c u r r e d  be f  o r e  t h e  s i x  months o f  
i n t e r e s t .  Such unbounded i n t e r v i e w s  may 
a l s o  o c c u r  i n  Group A, when a h o u s e h o l d  
moves f r om a sample a d d r e s s  and a new 
h o u s e h o l d  moves i n, b u t  t h e r e  a r e  
p r o b a b l y  more unbounded u n i t s  i n  Group 
C. 

For simplicity of exposition, 
member sh i p i n Group A, B, or C i s 
described as a fixed characteristic of 
each unit in the population. It may be 
more realistic to think of the group as 

a random characteristic, so that, for 

example, #A(i,j) would be viewed as a 
conditional probability given membership 
in Group A. The approach taken in this 

paper is consistent with this view. 

T h i s  paper  i g n o r e s  u n i t s  wh ich  a r e  
n o n i n t e r v i e w s  b o t h  t i m e s  and a l s o  t h o s e  
wh ich  a r e  i n t e r v i e w e d  one t i m e :  b u t  a t  
t h e  o t h e r  v i s i t  a r e  f ound  t o  be v a c a n t  
o r  d e s t r o y e d .  These u n i t s  must be t a k e n  

i n t o  a c c o u n t  i n  t h e  NCS e s t i m a t i o n ,  bu t  
p r e s e n t  a d i f f e r e n t  k i n d  o f  m i s s i n g  d a t a  
p rob lem than  t h e  one c o n s i d e r e d  h e r e .  

The NCS i s  sponso red  by t h e  U.S. 
Bureau o f  J u s t i c e  S t a t i s t i c s  (BJS) and 
c o n d u c t e d  by t h e  U.S. Bureau o f  t h e  
Census. A p u b l i c  use f i l e  i s  m a i n t a i n e d  
a t  t h e  Uni v e r s i  t y  o f  Mi ch i  gan. The 
a u t h o r  w i shes  t o  t h a n k  Dr.  C h r i s t o p h e r  
I nnes  o f  t h e  N a t i o n a l  C r i m i n a l  J u s t i c e  
Data A r c h i  yes a t  t h e  Uni v e r s i  t y  o f  
Mi ch i  gan and Marsha l  1 DeBer ry  o f  t h e  
Bureau of Justice Statistics (formerly 

at the Census Bureau) for their able 
assistance in obtaining the data in this 
paper from the NCS Public Use File. 

I I .  FOUR ESTIMATORS FOR #c(O,O)  

Let Zl-- 0 if no burglary on the first 
interview 

1 otherwise 
Let Z= be defined similarly for the 

second interview. 

Then #A (Z 1 , Z 2 ) i S t h e  j o i  n t  
d i s c r e t e  p r o b a b i l i t y  f u n c t i o n  f o r  ZI and 
Z=, g i v e n  t h a t  one i s  d e a l i n g  w i t h  a 
case i n  Group A. 

The estimators will be defined as 
they apply to Group C. The application 
to Group B wi I 1 be obvi ous. Some 
omitted detai I s are contai ned i n 
Alexander and Roebuck (1983). 

1. P r e s e n t  Touched by Cr ime E s t i m a t o r  

E l=  1 - pm(O,O)-  p c ( - , 1 )  = .07603 
PA( " : I )  

El  uses ! - pm(O,O) t o  a p p r o x i m a t e  

P A ( ' ,  I )  

1 - "~(0,0) - 

~=(-,1) 

It i s consistent under the assumptions 

that 

(2.1) P={Z~=I} = P {Z.=l} and 
Pc{Z~=l} P~{Z==I} 

(2.2) Pc{Z,=O:Z2=I} = P~{Z~=O:Z2=I} 

.-. G r i f f i n ' s  E s t i m a t o r  

E2= P c ( ' , 1 )  + p c ( "  :O) " p _ ~ O )  = .07239 
p A ( ' , O )  

This estimator was suggested by Griffin 
(1981) and is based on the assumption 

that 

( 2 . 3 )  P ~ { Z I = I I Z ~ = O }  = P A { Z I = I I Z 2 = O } ,  

i n  wh ich  case i t  i s  c o n s i s t e n t .  U n l i k e  
E l ,  E2 i s  g u a r a n t e e d  t o  l i e  between z e r o  

and one. 
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C o n d i t i o n s  (2 .2 )  and (2 .3 )  seem t o  
be q u i t e  s t r o n g .  In  p a r t i c u l a r ,  i n  t h e  
s p e c i a l  case t h a t  Z, and Z= a re  
i ndependent ,  t hen  e i t h e r  cond i t i on 
i m p l i e s  t h a t  P A { Z i - 1 }  - P = { Z ~ = I } ,  i . e . ,  
that Groups A and C have the same 

victimization probability for the first 

interview. 

~. Equal C o r r e l a t i o n  E s t i m a t o r  

D e f i n e  TA = ~ and 
P A ( ' ,  l )  

l e t  r~  be t h e  sample c o r r e l a t i o n  
between Z, and Z2 f o r  Group A. Then 
d e f i n e  

E3 = Po ( ", 1 ) - ( l+T~pc ( -, O) -r~ (T~po ( -, O) - ( l-T~po ( -, 1 ) ) ) " ~). 

T h i s  e s t i m a t o r  i s  c o n s i s t e n t  i f  ( 2 .1 )  
h o l d s  and t h e  p o p u l a t i o n  c o r r e l a t i o n s  
between Z, and Z~ a re  t h e  same f o r  
Groups A and C. 

For t h e  da ta  i n  S e c t i o n  I, T A  = .97349 
a n d  r A  = .06725,  so E3 = .07589 

It is not necessarily the case that 
E3 i s between zero and one. Partly 
because of this, a similar estimator 
more appropriate to dichotomous random 
variables will be considered. 

4. Equal Odds Ratio Estimator 

Assume that the ratio of the odds 

that Z, = 1 relative to the odds that Z= 
= 1 is the same for Groups A and C, 

i. e., that 

( 2 . 4 )  D~ = ~ ( 1 .  " ) / ~ A  (0 ,  - )  = ~ ( 1 .  " ) / ~ c  (0 .  - )  = Dc 
~(-, I)/~(-,01 ~o(', I)/I*= (-,01 

Assume al  so t h a t  t h e  f o l  1 owl ng odds 
r a t i o s  a re  equal  i n  t h e  p o p u l a t i o n :  

(2.51 OR~ = ~ ( 0 ,  O ) / ~ ( I ,  i )  = ~ ( 0 . 0 ) / ~ ( I ,  1) = ORe 
~ ( I ,  O)/-~ (0, 11 ~o( l ,O) /~= (0, I) 

S u b s t i t u t i n g  t h e  known sample q u a n t i t i e s  
f o r  Group A f o r  t h e  c o r r e s p o n d i  ng 
unknown q u a n t i t i e s  f o r  Group C, i t  i s  
p o s s i b l e  t o  s o l v e  f o r  an e s t i m a t e  o f  
#c (0, O) . For ORA=I, the resulting 
equation is quadratic, whose solution in 
the interval (0,1) is 

E 4 = I -  B - ( B 2 - 4 O R A ( O R ~ - I ) p = ( . , O ) . ) - = C  
(ORA 1 ) 

where C = I- ~mPc(-,l)/pc(-,g) 

1 + DApc(l,l)pc(-:O) 

estimates #c(O,-) and 

B = 1 + (Pc ( " : O )  + C )  " ( O R A  - -  I )  . 

In  t h i s  exampl e, DA = . 97251, 
ORA = 3 .22350 ,  and E4 = .07565.  

I f  OR = 1, then  E4 = 1 - C - p c ( - , O ) .  
I t  can be shown t h a t  0 < E4 < 1, 
p r o v i d e d  t h a t  0 < ORc < m. 

The d i f f i c u l t y  i n  choos ing  among 
t hese  e s t i m a t o r s  i s  t h a t  t h e  assump t i ons  
canno t  d i  r e c t l  y be t e s t e d  ; t h e  
o b s e r v a t i o n s  f o r  Group C a re  i n c o m p l e t e .  
An i nd i  r e c t  approach would be t o  
p a r t i t i o n  t h e  Group A sample i n t o  
v a r i o u s  demograph ic  g roups  based on 
income, u r b a n / r u r a l  l o c a t i o n ,  r ace  of  
h o u s e h o l d e r ,  e t c .  I f  f o r  some g i ven  
t y p e  o f  c r i m e ,  ORA were about  t h e  same 
as ORo f o r  a l l  t h e s e  g roups ,  t h i s  would 
I end some c redence  t o  ( 2 . 5 ) ,  and 
s i m i l a r l y  f o r  t h e  o t h e r  a s s u m p t i o n s .  
The da ta  f o r  such an a n a l y s i s  have no t  
y e t  been t a b u l a t e d .  F u r t h e r  : t h e  
p a r t i a l  r e s p o n d e n t s  may d i f f e r  f rom 
comp le te  r e p o n d e n t s  i n  unknown ways. An 
a l t e r n a t i v e  approach t o  choos ing  among 
t h e s e  e s t i m a t o r s  i s  discL~ssed i n  S e c t i o n  
V I I .  

I I I .ESTIMATORS BASED ON MORE DETAILED 
MODELS 

Le t  X, : X2, X~, X~ be z e r o - o n e  
random var  i ab  I ms denot  i ng whe ther  a 
g i ven  randomly  s e l e c t e d  hous ing  u n i t  
r e p o r t e d  a c r i m e  i n  each o f  t h e  f o u r  
consecu t  i ve t h r e e - m o n t h  per  i ods 
( q u a r t e r s )  covered by t h e  u n i t ' s  two 
i n t e r v i e w s .  For example 

XI = 1 ; i f  t h e  u n i t  r e p o r t e d  a 
b u r g l a r y  i n  t h e  f i r s t  
t h r e e  months covered  by 
t h e  f i r s t  i n t e r v i e w  

0 ; o t h e r w i s e .  

For u n i t s  i n  Group A, a l l  f o u r  random 
v a r i a b l  es a re  observed .  For t h o s e  i n  
Group C o n l y  X~ and X4 a re  obse rved .  

The d i s c r e t e  j o i n t  p r o b a b i l i t y  
f u n c t i  on ( p f )  wi I I be denoted by 

f ( x , ,  x2,  x~, x4 : %m) f o r  Group A and 
a n a l o g o u s l y  f o r  Group C. The fo rm o f  
t h e  f u n c t i o n  i s  assumed t o  be t h e  same 
f o r  bo th  g roups ,  bu t  t h e  p a r a m e t e r s  may 
d i f f e r .  The pf  o f  X3 and X4 f o r  Group C 
wi I I be w r i t t e n  as f (x~:  x~ : 80) . The 
e m p i r i c a l  p r o b a b i l i t y  f u n c t i o n  (ep f )  f o r  
Group A wi ! I be denoted by 
f "  ( x ,  : x2:  x~, x ~ ) .  

For each o f  t h e  f o l l o w i n g  models :  a 
s p e c i f i c  fo rm f o r  f w i l l  be chosen.  A 
maximum l i k e l i h o o d  e s t i m a t o r  (mle) w i l l  
be found f o r  %= based on t h e  epf  
f "  ( x ~ , x 4 )  . The mle f o r  t h e  
t o u c h e d - b y - c r i m e  p r o b a b i l i t y  i s  then  1 - 
f ( 0 , 0 : 0 , 0 : 8 " ) ,  where %" i s  t h e  elm f o r  
8c.  A d d i t i o n a l  d e t a i l s  a re  p r e s e n t e d  i n  
A l e x a n d e r  and Roebuck (1983) .  
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5. I n d e p e n d e n t  B e r n o u l l i  Model 

(3. 1 )  f (XI,Xm, X~,X4:p) = p*:K (1_p)4--=~, 

The parameter p represents the 
probability that the selected unit is 

victimized in a given quarter. 

E5 = 1 - f (O, O, O, O : p" ) = 1 - (l-p')4 

where the mle p" is the estimated 
expected value of (X~+X~)12 for Group 

C, i.e., 

p" = .5(f*(O,l)+f*(l,O)) + f'(l,l). 

6. Markov model 

Th i s model assumes t h a t  t h e  
p r o b a b i l i t y  o f  a v i c t i m i z a t i o n  i n  a 
g i v e n  q u a r t e r  depends o n l y  on w h e t h e r  
t h e r e  was a v i c t i m i z a t i o n  i n  t h e  
p r e v i o u s  q u a r t e r .  These p r o b a b i l i t i e s  
are: 

P{XI  = I :  X , - ,  = O} = PO 

P{X, = !: X~_, = I} = PI, for i=2:3,4. 

Assuming that P{X, = I} = P for all i, 
then 

P{X,  = 1} = P = P O - ( I  - P) + P I - P ,  so 

P = P O / ( I + P O - P 1 ) .  

The pf f (x,,x=,x~,x41PO,Pl) is easily 

determined, and leads to the estimator 

E6 = 1 - ( I  - P * ) - ( I  - PO')  ~. 

The mles a r e  c a l c u l a t e d  as f o l l o w s .  

PO= = (f'(l,O)+f'(O,l))/(f'(l,O)+f'(O,l)+2f'(O:O)) 

( 6 . 1 )  

P I "  = ( f ' ( 1 , 1 ) +  P O ' - f ' ( 1 , 1 ) ) / ( f ' ( l : l ) + F O ' - ( 1 - f ' ( l : l ) ) ) .  

7. B e t a - b i n o m i a l  Model 
For  t h e  s e l e c t e d  HU i n  Group A, t h e  

j o i n t  d i s t r i b u t i o n  o f  Xl,X2, X3, X 4 i s  
assumed t o  be t h e  same i n d e p e n d e n t  
B e r n o u l l i  d i s t r i b u t i o n  d e f i n e d  above,  
e x c e p t  t h a t  p i s  now assumed t o  be a 
random v a r i  a b l e  h a v i n g  a b e t a  
d i s t r i b u t i o n  w i t h  p a r a m e t e r s  'XA and ~A- 
The l i k e l i h o o d  f u n c t i o n  i s  o b t a i n e d  by 
t a k i n g  t h e  e x p e c t a t i o n  o f  ( 3 . 1 )  w i t h  
r e s p e c t  t o  p. 
For  Group C 

P{X3=x~, X4=x4 : p}=p.3÷.4. (l-p) 2- (.=÷.4, : 

where p has a beta distribution with 
parameters ,xc and (~c. 

For either Group A or Group C the 
roles for this model must be obtained by 

numerical maximization of the likelihood 
function. This model is similar to Model 

J for any given housing unit, but allows 

different units to have different 
victimization probabilities. 

B e s i d e s  u s i n g  more i n f o r m a t i o n  t h a n  
t h e  s i  mpl e r  e s t i m a t o r s  o f  S e c t i  on I I ,  
t h e s e  more d e t a i  I ed  model s have t h e  
a d v a n t a g e  t h a t  t h e  model can be t e s t e d  
f o r  f i t ,  b o t h  f o r  Group A and f o r  t h e  
a v a i l a b l e  d a t a  f r om  Group C. The main 
p r a c t i c a l  drawback o c c u r s  when no c l o s e d  
fo rm e x p r e s s i o n  i s  a v a i l a b l e  f o r  t h e  
ml ms. 

I t  i s :  o f  c o u r s e :  e s s e n t  i a l  t o  
examine t h e  f i t  o f  t h e  models  b e f o r e  
u s i n g  t h e  e s t i m a t o r  based on t h e  model .  
A l e x a n d e r  and Roebuck (1983) g i v e  
examples i l l u s t r a t i n g  t h a t  use o f  t h e  
wrong models (among o t h e r s ,  u s i n g  E5 o r  
E6 when t h e  d a t a  come f rom t h e  
b e t a - b i  nomi a l  mgdel ) can I ead t o  
s u b s t a n t i a l  l y  worse  r e s u l t s  t h a n  t h e  
s i m p l e r  e s t i m a t o r s  E l ,  E2, and E3. 

IV. FIT OF THE MODELS FOR THE COMPLETE 
DATA 

Table 4 shows the actual . epf 

f" (x,,x2, x~,x4) for the crime of 
b u r g l a r y  ( w i t h  an a p p r o x i m a t e  95% 
c o n f i d e n c e  i n t e r v a l  ) : a l o n g  w i t h  t h e  
maximum l i k e l i h o o d  e s t i m a t e s  o f  t h e  p f  
for model s 5, 6: and 7. Several 
discrepancies are apparent between the 
epf and the models. In all these models: 
the events 0001 and 1000 have the same 

probabi 1 ity, as do 0100 and 0010. 
However, in the epf, the event "0001 or 

0100" occurs about 50% more frequently 

than "1000 or 0010". This difference is 
probab I y due to a wel 1 known NCS 
"recency effect" (see Kobilarcik, et al 
(1983)), the effect that a greater 
proportion of crimes are reported during 
the three months immediately preceding 

the interview than in the earliest three 
months of the reference period. This is 
presumably due to some form of response 
er r o r .  

All three models miss the pattern 

for the events with ~-x, = 2. The events 
0011 and 1100 each have much higher 
actual frequency than does 0110. All the 
model s a s s i g n  rough I y equa l  
p r o b a b i l i t i e s  t o  t h e s e  t h r e e  e v e n t s .  

There are other apparent 
discrepancies for Model 6. For example, 

the events 0111 and 1110 have a combined 
frequency of .000235, slightly higher 
than the observed .000270 for the union 
of the events 1011 and 1101. For the 

esti mated pf for model 6, the 
corresponding probabilities are .00011 ~ 
and .000036. This difference does not 

have an obvious explanation in terms of 
the recency effect, but it may not be 
val i d because of the Iarge standard 
errors on these estimates. 

It is apparent that these models 
fail to describe important features of 
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the epf. It is necessary to make an adjustment for the 
recency effect and perhaps to examine additional models. 

In spite of these discrepancies, Mpdel 7 gives a very 
close approximation to the observed "touched by burglary" 
proportion (.0685). This will be discussed further in 

Sections V-VII. 
To summarize the lack of ~it of the three models, a 

version of the chi-square goodness of fit statistic (times a 
constant) has been included in Table 7, namely, 

X = = Z ((O-E)~IE), 
where 0 represents the observed proportion in a "cell" and E 
represents the "expected" proportion calculated under the 
model, using the mle values of the parameters. (The case 
when 0 = E = 0 for model 5 is replaced by zero.) The X = 
values for Models 6 and 7 have been expressed as a 
percentage of the value for Model 5. Model 5 is used as a 
baseline, because the other two Models may be viewed as 
generalizations of Model 5 and thus can be expected to have 
better fit. Model 5 is a special case of Model 6, with PO = 
PI. It can be shown that Model 5 is a limiting case of Model 

7, with ~ and ~ approaching infinity keeping ~/(~+~) = p, 
where p is a constant between zero and one. 

V. THE PROBLEM OF TESTING THE MODEL FOR FIT 
This section considers more carefully the question of 

testing the fit of the oata to the hypothesized 
distribution. A distinction now will be made between the 

hypothesized family of pfs f(x,,x~,x=,x~:O) and the true but 
unknown family h(x,,x=,x~,x~:s). The assumption that "the 
same model fits Groups A and C" then means that there is 
some unknown distribution h(X~,X=,X=.X~:SA) which is the 
true pf for Group A and, if TA is replaced by se or To, is 
the pf for Groups B and C respectively. The existence of 
such a family h is assumed throughout our discussion. 

It is unfortunately not enough to show that the 
hypothesized family f fits the data for Group A. Even if it 

is true that for some value OA, f(XI,':=,X~,X~:OA) = 

h(x~,x~ ;:=,X~ITA) for all x~,, x~ ,,'~ this does not imply 
that'the hypothesized family '(~ describes the other Groups. 
What really needs to be demonstrated is that 

(5.1) for every parameter value r, there exists a value 0 

such that f(x~,;:=,x=,x~:8) h(x~,>:=,x=,x~ls), for 

(0. ~ course, it Aouii~be sufficient for this to be true 

only for s = SA, ~, SO, but since s~ and s~ are unknown, 
the more general proposition must be addressed. ) 

The "test" of such a sweeping proposition cannot be 

purely statistical. One approach would be to test 
statistically whether the family f fits the data for Group A 
and then to consider the extent to which model f corresponds 
to a plausible explanation of the phenomenon of interest. As 

has been seen, the models considered above show substantial 
lack of fit for Group A. In addition, each model fails to 

descrioe some well documented features of NCS crimes. 
Because of the NCS recency effect and the known seasonality 

o+ crime, it ix not to be expected that P(X~=!) is the same 
for a]i i, as all these models require. Additionally, the 
usual published NCS victimization statistics show that the 
probability of victimization varies dramatically depending 
on the urban~rural status of the housing unit, the ages of 
the occupants, etc. Models 5 and 6 assume that different 
units have identical probabilities. (~!odel 7 allows this 
probability to vary.) There are undoubtedly situations in 

which the occurrence of a crime at a given housing unit 
affects behavior (of victim or offender) in such a way as to 
change the probability of victimization in subsequent 
quarters, although there is little evidence regarding the 
ei,.tent o~ this effect for the NCS. Models 5 and 7 allow no 
such dependence for a given housing unit, although Model 6 
dces. Thus the present models fail according to this 
approech. It Odes not seem likely that, even with oetter 

models, a simple model can be justified a priori as a 
complete explanation of the distribution of crime. 

Another approach to this problem corresponds to 
assuming that for different types of crime (or for crime 

rates for different demographic groups), the pf is also 

described by h(xi,x~,;'~,x'~;~), where s depends on the type 
of crime and the de:nographic group. Under this assumption, 
if the hypothetical family (f) fits well to h for a wide 

variety of crimes and demographic groups, then this would 

tend to support the assertion that more 0enerally (5.1) is 
true, so that the family f would fit Groups B and C. 

Theoretically, in order for the model to yield a 
consistent estimator of h(0,0,0,0:~) fro.T, the Group A data, 
it is not essential that the assumed family f fit for all 

zalues of ":~,x~,x=,x~. To see this. let T(x,, .... =,X~)yb- a 
sufficient statistic for 0 under the hypothesized"fami-] ~. 

Let the possible values of T be der:oted by to,t~,...,tw., 

where K < ~5, letting to = T(0,0,0,0) Let 

f~ (t~ : 8) =Zf t'-'~, x=, x=, x~ : e) and 
h~(tk T) = 'Z "(X~ X=,;~IT) , 

where the summations range over all values of x,,x=,x3, x~ 

such that tk=T(x,,xl.x.~,x~). Assume that the function f 
satls+ies the necessary regularity conditions for the mle .9" 
to exist and be a consistent estimator of 8, if the familiy 
f were the true model. Let fT also satisfy these conditions. 
Assume also that if e" is any consistent estimator of 8, 
then f(0,0,0,0:0") is a consistent estimator of 
f(0,0,0,0:0). (This is true for all the families f discussed 
in this paper. ) 
PROPOSITION: If for every parameter 
value s, there exists a parameter value 
0 such that 

(i) f~(tklO) = h~(tkl'r), 
for k'=O, 1, . . . , K and 

(ii) f(0,0,0,0:0) = h(O,0,O,0:T), 

then whatever the true value of T, f(0,0,0,0:0") is a 
consistent estimator of h(O,O,0,01"r). (If T(i.'~,x~,x=,x~) = 

to only when x~=x==x==x~=O, then condition (ii) is 
redttndant. ) 
Proof: Condition (i) implies that for some value OA, 

f--$T(tiSA) is the true pf for T( ............... ). Tb, en the m!e 8" 
calculated based on the epf of T(X,,X~,X=,X~) is a 
consistent estimator of 8, viewed as a parameter of fT. 
Since the mle depends only on the distribution of the 
sufficient statistic, this same value 8" is the mle 
calculated as a parameter of f based on the epf of 

X~,X=.X=,X~. Thus 8", calculated as a parameter of f, is a 
consistent estimator of 8, even though the true pf is h, not 
f. Therefore f(0,0,0,0:8") is a consistent estimator of 
f (0,0,0,0:8) = h(O,0,0,0:s) .QED 

Note that it is not necessarily the case that 

f(0,0,~-~,0',8 ") is a maximum likelihood estimator of 
h((~ 0,0,0 T); i t must further be assumed that T is also 

sufficient for the family h. 
This proposition may explain why Model 7 gave a good 

estimate for the "touched by burglary" rate. The statistic 
Zx~ is a minimal sufficient statistic for (~,B) under Model 
7. The fit of the model to the empirical distribution of 
this statistic is comparatively qood, and condition (ii) 
applies. By contrast, the same statistic is a minimal 
sufficient statistic for Model 5, but Table 5 shows that the 
fit of the likelihood function under this model to the epf 
of the statistic is relatively poor. 

A minimal sufficient statistic for PO and P1 under 
model 6 is given by 
S (0000) =I S (01 I0) =6 
S (!000) =S (0001) =2 S ( I001 ) =7 
S (0100) --S (0010) --3 S : I 110) =S (01 ! l ) --@ 
( 1 ! 00) =S ( 00 i 1 > =4 ( ! 01 =S ( 101 i > =9 

S (0101) =S (1010) =5 S ( I i i i ) =10 
Table 6 shows the distriOution of this statistic. Note that 
the major discrepancies involve S=4,5,6,7,8, the values for 
which Z.x~ = 2. 
The practical utility of the above oroposition is limiteO, 
E.xen thouch tr~e beta-~i:-,omia! n~de! e~.-~iOits ~ai goc0 ÷it 
for the cJi-zribution of a minimal szl4÷icient statistic, the 
lack of fit for the complete distribution is disturbing. It 
suggests that the model does not accurately ref I oct the 
phenomenon being measured. In addition it is difficult to 
test assumption (ii). The fact that the mle for f(0,0,0,0:~) 

is close to f'(0.0,0,0) does not necessarily support (ii); 
~ee the discussion of Model 6 in the next Section. 

VI. FIT TO THE INCOMPLETE DATA 

For Group C, the epf of X= and X4 are given in Table 7. 
aler:g with the mles of the pfs for the three models. Again 
there is evidence of a lack of fit, for the events 01 ane 
10. due to the recency effect. 

Note that Model 6 fits nearly perfectly the 
distribution for 00 and ii in Table 7. It is easy to sho-~ 
that nearly perfect fit holds in this case regardless of the 
observed values, so that this is not really a test o~ fit. 

InOeed, substituting the expressions for F'O" andePi'ml from 
(6 .1 )  i n t o  t h e  pf  f o r  Model 6, one o b t a i n s  as t h  e fo:- 
f (0, o) , 
f "  (0 ,0 )  / ( ! + ( f "  ( 1 , 1 ) ) = / ( l - f "  (1, 17 ) , 
which i s  v e r y  c l o s e  t o  f ' ( 0 , 0 )  i f  f ' ( 1 , 1 )  i s  s m a l l .  
S i m i l a r l y  t he  role f o r  f ( 1 , 1 i  i s  

fw'( h i  1 , 1 ) / ( l - f "  (1, 17 ) : 
ch i s  c l o s e  t o  f (1,17 i f  f ' ( 1 : 1 )  i s  s m a l l .  

Something s i m i l a r  may happen w i t h  Model 7; however,  a n a l y s i s  
of t h e  pf i s  much more d i f f i c u l t .  

A r e s u l t  s i m i l a r  t o  t h e  P r o p o s i t i o n  i n  t he  l a s t  s e c t i o n  
c_ould be proved f o r  Group C, w i t h  T ( x = , x 4 )  be ing  a 
s u f f i c i e n t  s t a t i s t i c  based o n l y  on t he  o b s e r v a t i o n s  of  X= 
and X~. The prob lem i n  t h i s  case i s  t h a t  c o n d i t i o n  ( i i ) .  
which i s  e x a c t l y  as b e f o r e ,  seems to  be i m p o s s i b l e  t o  check,  
s i n c e  f ' ( 0 , 0 , 0 , 0 )  i s  no t  observed f o r  Group C. 
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VII. COMPARISON OF THE SIMPLE ESTIMATORS 
UNDER THREE MODELS 

One way of comparing the estimators o~ Section II is to 
see how weli they would perform if the population fi one cf 
the models in Section III~ Trying ~he simple e~timators 
under a variety of models ~]Lve~ some idea of their 
robustness. However, s~r~re these models clearly need (at 
least) a correction for kno:~n response error, this analysis 
will be of more interest when better-fitting~de]s are 
f ound. 

Based on the parameter estimates for ~roups A and C, if 
the populations exactly fit the models, then the populations 
would ha~e the following characteristics, corre~gonding to  
~heLable~_ in Sect ion I .  Note tha t  ~ e  f u l l  t ab le  f o r  Groc:p 
C would not be observed. 

MODEL 5 
Grou0 A Srou~ C 

.727249 .035688!.962938 .?17443 .040390i.957832 

.035~38 .0013741.037062 
.040390 .0(;17781.042368 

.962938 .03706211.000000 .957832 .0421~811.000000 

MODEL 6 
Group A Group C 

.929590 .0342081.963798 .922031 .0373931.959424 

.034208 001993 036202 
.037393 .0031831.040576 

.963798 .03620211.000000 .959424 .04057611.000000 

MODEL 7 

Group A Grou0 C 

.9315~ 5. .032199- I .963715 .925912 .033506 i. 9594 ~ 8 

.032199 .004086 .036285 
.033506 ~0070751.040~2 

• 963715 -03628511.000000 .959418 040582 i ~ ~ 0  

Using the given results for Group A and the observable value 
pc(-,1), the four estimators from Section I can be 
calculated and compared to the actual value i- ~(0,0) which 
is implied by the moOel with the assumed parameters. The 
results (with % error = 100(E-Actual)/Actual) are as 
~ollows. 
M 

o TABLE 3 

d Estimated "touched by burglary" proportions 
Assuming different models for the population 

"Actual" El E2 E3 E4 
#5 .0826 .0828(0.3%) .0777(-5•9%) .0826(0.0%) .0825(-0.0%) 
#6 .0780 .07S9(1.2%) .0746,1-4.3%) .0787(1.0%) .0787( 0.9%) 
#7 .0741 .0766(3.4%) .0726(-2.0%) .0764(3.2%) .0761( 2.8%) 

For these three models f o r  burglary, estimators E3 and E4 do 
s l i g h t l y  b e t t e r  than the present publ ished es t ima to r  E l ,  and 
do s u b s t a n t i a l l y  b e t t e r  than E2 for- Models 5 and 6, but 
worse f o r  Model 7. This a n a l y s i s  needs to  be repeated f o r  
other  crimes and, e s p e c i a l l y ,  f o r  models which g i ve  a b e t t e r  
F i t  to  the Group A data, to  make i t  s u f f i c i e n t l y  conc lus ive  
to  warrant changing the form of the publ ished es t ima to r .  

VIII. DISCUSSION OF THE RESULTS 

Model 7 appears to fit the best of the three models 
considered. However, the main conclusion of this paper is 
that none of the proposed model fits without a modification 
to take into account the recency effect. In a different kind 
of analysis, the lack of fit of Model 6 was also observed in 
Griffin (1983). 

The next step in the research is to atte~p~ to develop 
models which do not reouire F'(X~ = i) to be the same for 
1,2,3.4. An additional mc~el from Alexan0er and Roebuck 
(19S3). the "independent with additional victimization" 
model, has not been considered for reasons of space. This 
model also requires P(X~ = I) to be constant, but may be 
eas'x to modify to eliminate this resZrict±on. 

The immeOlate ,goal of this research is ~o find a no0e! 
which fits well for all the crime cateqories o+ i;iter~st, 

and to use this model to select one of the six closed-form 
estimators (El - E4 and the Group C mles for Models 5 and 
6). It is probably desirable to apply the missing-data 
adjustment separately for different subgroups of the sample. 
For this purpose, it will be necessary to repeat the 
analysis for different subgroups. 

The results of Table 3 are of some immediate interest. 
The present estimator (El) has a relatively small bias under 
the three models. (The bias is only for the incomplete 
cases, which in any given month are at most about one-fourth 
of the sample.) Thus there is no strong reason to replace 
E1 by the mle under any of the selected models, since E1 
does fairly well under the assumptions upon which such an 
alternative estimator would be based. 

The data in this paper should be viewed as preliminary. 
The numerical likelihood calculations need further scrutiny, 
especially for Model 8, whose maximum likelihood appears to 
be along a "ridge" in the function. (The mles were 
calculated in UNIVAC single precision arithmetic, using the 
IMSL subroutine ZXMWD. The maximum was checked using 
single precision on an IBM personal computer, by inspecting 
the likelihood at a grid of parameter values.) 

The "Actual" values in Table 4 were calculated using 
the NCS "final" design-based weights. The main effect of 
these weights is due to a correction for instances of 
subsampling in the field, and to a "post-stratification" 
adjustment bringing the weighted age-race-sex distribution 
of the full sample into agreement with independent estimates 
for the population. However, the weights also inc!ude 
noninterview ad]sutments which are not appropriate for 
application to Group A in our present problem. It was not 

possible to reweight the Group A ~$e~  ~parately for this 
analysis. This is felt to make little ~ifference to the 
results; indeed, almost identical results were obtained 
using unweighted results for burglary. 

The approximate standard errors in Table 4 are 
calculated using a design effect appropriate to the usual 
NCS estimates. The appropriateness of this design effect 
for this purpose has not been tested. 

TABLE 4 
Fit of the Models to the Data 

for Group A 

Actual (95Z CI ) Model 5 Model 6 Model 7 
0000 .931499 +.0036 ,~4~, . ~ 9 2  : ~ i  5 
0001 .020016 _+. 0020 .017676 .016950 .015639 
0010 .011872 +. 0015 .017676 .016283 .015639 
0011  . 00  ! ( : ,28 2 .  0005  000337  000~n76  . OCCQ21  
0100 .017552 +_. 0019 .0 ! 7676 .01 ~2S3 .0! 5639 
~:' 101 .001173 2. 0005 .000337 .000297 .000921 

0110  . 000551  2 .  0003  . 000337  . 000937  . 0C ,092  ! 
0 ! 11 . 000169  _-2. C002  . 000006  . 000056  . O<xJC'~b 
1000 .013242 ±. or) 16 .017676 .01695(:) .015639 
! ' ) 01  '?CC81 ? 2 .  : } 004  : ~00337  ) t : 'OEO ° • )O (x~2  ~- 
1010  . 0  ) 059  t -_. , : )C03 . ( - x : ;0337  . ?C029  T . :.~,:,'092 : 

! 0 ! 1 . 000  ! ! ~_ ,_'2. ?<'0"2 . ; :)C0": 'C6 . : ' 00018  . : : L ,O< '~  
1100  CO 1152  ' } 075  . 000337  • 0 ,0C '976  . 00" - ;921  
1101  . 000  ! 51  2_. 0002  . 0 ' ?C '006  000018  0C~0096"  
1110  . 00 ! : , 066  + .  0001  000006  000056  . 00009 ,5  
! 11 . 00C000  . 000000  . 00 : : ) 003  . : ~00015  

X 2 for model ." .020492 .00~356 . )0E26 '~ 

As % of Model 5.: !00". 40.8% 

Tables 4, 5, and 6 are based on the following values for 
the mles f o r  Group A. 
Model 5: p = .018706 
Model 6: PO= ~% 17Q07 PI= (,56625 
Model 7: ,~= .422101, ~= 22.1416 

TABLE 5 

Fit of the Models to the Distribution 

of Zx~ f o r  Group A 
Actual Model 5 Model 6 ~odel 7 

0 .931499 .9--~27_-249 •929592 .93151~ 
1 .062682 .070704 .066466 .062556 
2 .005315 .002022 .003792 .005526 
3 .000505 .000024 .000148 .000384 
4 . 000000  . 000000  . 000003  . 000015  

"FABLE 6 

Fit of the models to the Distribution 
of the Minimal Sufficient Statistic S(for Model 6) 
Actual Model 5 Model 6 Model 7 

2 .033258 .035352 .033900 .(:,31278 
3 .029424 .035352 .032566 .031278 
4 002181 .00(:,674 .001952 .001842 
5 .001764 .000674 000594 001842 
6 .000551 .000337 .000937 .000921 
7 .000819 .000337 .000309 .000921 
8 000235 .000012 .000112 .000192 
9 .000270 .000012 .000036 000292 

I 0 .000000 .000000 .000003 .000015 

TABLE 7 
Fit of the models to the distribution 

of X~ and X~ fo r  Group C 
Actual Model 5 Model 6 Model 7 

00  .959426 : 9~3~  :~u9424 :9-59%18 
10 .015512 .020857 .019262 .019247 
01 .023012 .020857 .019262 .019247 
1 ! .00204? .000454 .002053 .002094 

Ta01e 7 is based on the following values of the mles for 

Group C. 
Model 5: p = .02131' 
Model 6 PO = 019681, P! = .096326 
Modei 7: .x = .250632. g = 1i.4~37 
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