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I. In t roduct ion  
The e s t i m a t i o n  of sampl ing  er ror  in a survey is 

r e l a t ive ly  s t r a i g h t f o r w a r d  even in the case  of a c o m -  
plex sample  design. Nonsampl ing  e r ror  is more  d i f f i cu l t  
to measure  because  of the mul t i t ude  of f a c t o r s  which 
can produce it ,  an underdeve loped  theory ,  and the 
absence  of knowledge  about  popula t ion  p a r a m e t e r s .  
This paper ,  a condensed  version of one ava i lab le  on 
reques t ,  descr ibes  an a t t e m p t  to measure  a t  leas t  a 
por t ion of the nonsampl ing  e r ror  in the expend i tu re  
repor t s  f rom the 1980-81 Consumer  Expendi tu re  Diary 
Survey conduc ted  by the Bureau of the Census for the 
Bureau of Labor  S t a t i s t i c s . i /  Spec i f ica l ly ,  surveyed  
consumer  units,  who were asked to record  their  daily 
expend i tu res  over a t w o - w e e k  per iod,  are  c lass i f ied  
accord ing  to thei r  level  of response  e r ror  as a resul t  of 
ana lyz ing  the l a t en t  s t r u c t u r e  in the assoc ia t ions  among 
severa l  response p a t t e r n  ind ica tors .  These ind ica tors  
are  der ived from data  within the survey and provide 
in fo rma t ion  about  the va l id i ty  of each unit 's  expendi -  
ture  repor t .  

II. Approach  to the s tudy of nonsampl ing  e r ro rs  
There  are  th ree  types  of nonsampl ing  e r r o r - - s y s t e -  

m a t i c  m e a s u r e m e n t  e r ror ,  m e a s u r e m e n t  f luc tua t ion ,  
and r e p r e s e n t a t i o n  e r ror .  Unlike sampl ing  e r ror ,  these  
e r ro rs  are  a s soc ia t ed  d i rec t ly  with the individual units  
in the sample .  The f i r s t  two are  m e a s u r e m e n t  er ror  
which resu l t  e i ther  f rom the responden t  giving an 
i nco r r ec t  response or f rom the recording  of a c o r r e c t  
response  i nco r r ec t ly .  R e p r e s e n t a t i o n  er ror  occurs  when 
units  in the popula t ion  are  assigned i nco r r ec t  sampl ing  
ra tes .  We will be concerned  only with tha t  par t  of 
m e a s u r e m e n t  e r ror  a t t r i b u t a b l e  to responden ts .  

All nonsampl ing  e r rors ,  and response  e r ror  in pa r t i -  
cular ,  might  b e t t e r  be ana lyzed  as micro var iab les  
r a the r  than in an a g g r e g a t e d  form.  Since nonsampl ing  
e r rors  occur  a t  the individual level ,  the  only way to rid 
ourse lves  of them is through work a t  t ha t  level .  As a 
f i r s t  s tep,  s tudies  a re  needed in which nonsampl ing 
er ror  is the dependen t  va r iab le  in models  designed to 
d e t e r m i n e  its causes .  Once these  causal  f a c to r s  for 
nonsampl ing  er ror  a re  ident i f ied ,  we can develop new 
survey me thods  for ove rcoming  their  e f f e c t s .  

In our analysis ,  response  e r ror  is def ined as the 
dependen t  or o u t c o m e  var iab le  in the survey s i tua t ion .  
Consumer  unit  and e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  c o m -  
bine with the c h a r a c t e r i s t i c s  of the survey p rocedure  
(including in te rv iewer  c h a r a c t e r i s t i c s )  to d e t e r m i n e  
both the respondent ' s  a t t i t u d e s  toward  the survey task 
and the respondent ' s  method  of pe r fo rming  the task.  
These a t t i t u d e s  and behaviors ,  in turn,  lead to response 
e r ro r .2 /  

Before  we can spec i fy  the con t r ibu t ions  made to 
response er ror  by the var ious e l e m e n t s  in the survey 
s i tua t ion ,  we need measures  of all the var iab les .  Mea-  
suring the independent  va r iab les  is r e l a t ive ly  s t r a i g h t -  
fo rward ,  but  response er ror  is ano ther  m a t t e r .  The 
purpose of the ana lyses  descr ibed  in this paper  was the 
d e v e l o p m e n t  of a measure  of response  e r ror .  

III. The design 
a. Assumpt ions  under lying the m e a s u r e m e n t  of 

response e r ror  in the CE Diary Survey 
In this paper ,  the to t a l  response  er ror  in a consumer  

unit 's  expend i tu re  r epor t  was measured .  The in t e r con -  
nec ted  assumpt ions  which under lay  this m e a s u r e m e n t  
a r e :  

1. P a t t e r n s  found in the i n fo rma t ion  r epor t ed  by 
responden ts  a re  r e l a t ed  to the level  of 
response  e r ror  in the i r  expend i tu re  r epor t s .  

2. Various ind ica tors  of these  response  p a t t e r n s  
can be deve loped .  

3. Reasonab le  judgments  can be made  about  the 
subs tance  of the re la t ionsh ips  be tween  the 
ind ica tors  and response  e r ro r .  

4. The assoc ia t ions  among  the p a t t e r n  indica-  
tors  can be used to model  a l a t e n t  var iab le  
which r e p r e s e n t s  response  e r ror .  

The cen t r a l  a s sumpt ion  here  is t ha t  the level  of 
response  er ror  in a consumer  unit ' s  r epor t  of expendi -  
tu res  can be d e t e r m i n e d  f rom the  manner  in which the 
respondent  r epor t s  i n fo rma t ion ,  both expend i tu re  infor -  
ma t ion  and o ther  i n fo rma t ion .  Trad i t iona l ly ,  t he re  
have been two types  of da ta  used to iden t i fy  response  
er ror  in s u r v e y s - - r e i n t e r v i e w s  and independent  sources  
(Madow, 1973; Sudman and Bradburn,  1974; Hubbard,  
e t . a l . ,  1981; Marquis,  e t . a l . ,  1981; Groves  and Magilavy,  
1984; Corby and Miskura,  1985). With both r e in t e rv i ews  
and independent  sources ,  new da ta  are  c o m p a r e d  to the 
or iginal  survey m e a s u r e m e n t s .  

Al though widely used, r e in t e rv i ews  and independent  
sources  may not be the bes t  ways to ident i fy  response 
e r rors  for severa l  reasons .  Re in t e rv i ews  can be qui te  
expens ive  and st i l l  produce the same  or d i f f e r en t  
e r rors .  Of ten  responden ts  are  not will ing to undergo a 
second survey,  and those  tha t  are  may not agree  to 
more  r igorous p rocedures .  Since r e in t e rv i ewing  is se l -  
dom done on the en t i re  sample ,  i n fe rences  about  those 
not r e in t e rv i ewed  must  be made.  Final ly ,  when the 
phenomena  under study are  t r ans i en t ,  r e in te rv iews  may 
not be a p p r o p r i a t e .  

The use of independent  sources  also has shortcom-~ 
ings. In the f i r s t  p lace ,  these  sources  do not a lways  
exis t  or are  not a lways  access ib l e .  Even when they are ,  
access ib i l i ty  may be l imi ted  to a s e l f - s e l e c t e d  or a t  
l eas t  an u n r e p r e s e n t a t i v e  subse t  of the sample .  There  
may also be ques t ions  concern ing  the a c c u r a c y  and 
c o m p a r a b i l t y  of these  independent  sources .  

An a l t e r n a t i v e  to the above  me thods  which is 
explored  in this paper  is the use of i n fo rma t ion  f rom 
the survey i t se l f  to ident i fy  response  e r ror .  P a t t e r n s  in 
an individual 's  responses  can ind ica te  the e x t e n t  of 
response e r ror  for the va r iab les  of i n t e r e s t .  There  are  
severa l  advan t ages  to this approach .  L i t t l e  cos t  is 
incurred .  No new in te rv iewing  p rocedures  need be 
developed nor independent  sources  found. G e n e r a l i z a -  
t ions f rom a subset  of the sample  is avoided;  and, 
perhaps  most  i m p o r t a n t l y ,  the problem of s e l f - s e l ec t i on  
is e l imina t ed .  

This approach  does have its d rawbacks .  Ident i fy ing  
and measur ing  pa r t i cu l a r  response  p a t t e r n s  r e l a t ed  to 
response  er ror  are  d i f f i cu l t .  P r e s u m a b l y ,  one a t  l eas t  
would have a notion as to how these  ind ica tors  and 
response  er ror  are  r e l a t ed .  Given t ha t  severa l  p a t t e r n  
ind ica tors  a re  l ikely to be used,  a me thod  for combining  
the in fo rmat ion  f rom each would be needed.  And we 
also need a way to e v a l u a t e  the resul t s  of this process .  

Whether  or not useful  response  p a t t e r n s  can be 
ident i f ied  depends on the pa r t i cu l a r  survey.  F o r t u -  
na te ly ,  the CE Diary Survey co l l e c t ed  a large  body of 
in fo rmat ion  on both consumer  unit  c h a r a c t e r i s t i c s  and 
expend i tu res .  F u r t h e r m o r e ,  the expend i tu re  i n f o r m a -  
tion covered  a period of t ime  which was long enough to 
a sce r t a in  p a t t e r n s  in the r epor t ing  of expend i tu res .  
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Most response  e r ro r s  in the CE Diary Survey will be 
in the form of unde r r epo r t s .  It is d i f f i cu l t  to imagine  
an individual record ing  more  i t ems  than were  purchased  
or even cons i s t en t ly  o v e r r e p o r t i n g  the pr ice  of i t ems ,  
but  the fa i lure  to r epor t  all i t ems  is qui te  l ikely given 
the t ime  and e f f o r t  requi red  to fill out  the diary.  There  
is subs tan t i a l  i n fo rma t ion  to suppor t  this asse r t ion  
(Sudman ar, d Fe rbe r ,  1971; Pear l ,  1979; and U.S. 
D e p a r t m e n t  of Labor ,  1993). 

Mult iple ind ica tors  of response  er ror  are  des i rab le  
since any one ind ica to r  is unl ikely to provide c o m p l e t e  
and a c c u r a t e  i n fo rma t ion .  Thus, a number  of response  
p a t t e r n  ind ica tors  were  examined .  The assoc ia t ions  
be tween  the severa l  response  p a t t e r n  ind ica to r s  were  
used to model  a l a t en t  va r iab le  which r e p r e s e n t e d  
response  e r ro r .  

An eva lua t ion  of the resul t s  was a necessa ry  final  
s tep.  The ques t ion  to be answered  was not s imply how 
well the l a t en t  va r iab le  descr ibed  the assoc ia t ions  
among  the p a t t e r n  ind ica tors  but  also how well  did this 
approach  iden t i fy  response  e r rors .  

b. Achieving c o m p a r a b i l i t y  
If response  e r ror  is going to be s tudied a t  the micro  

level ,  the da ta  must  be c o m p a r a b l e  f rom case  to case .  
We emp loyed  th ree  me thods  to ach ieve  this c o m p a r a b i -  
l i ty in the CE Diary da ta .  We se l ec t ed  for analys is  
goods bought  by mos t  consumers  on a f r e q u e n t  basis and 
ones on which the diary was designed to co l l ec t  in for -  
ma t ion .  These goods were  food and non-a lcohol ic  
b e v e r a g e s  for home consumpt ion  and food and non-  
a lcohol ic  beve rages  consumed  away  from home.  To 
a r r ive  a t  a c o m p a r a b l e  group of consumer  units ,  we 
se l ec t ed  those which c o m p l e t e d  two diary weeks ,  g991 
of 10319 urban consumer  units .  We adjus ted  the 
expend i tu res  for two f a c t o r s  a f f e c t i n g  their  c o m p a r a -  
bi l i ty  f rom unit  to unit  - -  sales  tax and inf la t ion .  

c. L a t e n t  s t r u c t u r e  analys is  
L a t e n t  s t r u c t u r e  analys is ,  a t echn ique  s imi lar  to 

f a c t o r  analys is ,  is used when only qua l i t a t i ve  da ta  are 
ava i l ab le .  A l a t e n t  var iab le  which is not  observed 
d i rec t ly  is der ived f rom assoc ia t ions  among  a t  l eas t  two 
man i f e s t  (observed) qua l i t a t i ve  var iab les .  This l a t e n t  
va r iab le  is t aken  to explain the re la t ionsh ips  be tween  
the m a n i f e s t  var iab les .  There  can be any number  of 
man i f e s t  va r i ab les  and also more  than one l a t e n t  va r i a -  
ble just  as f a c t o r  analys is  o f t en  produces  more  than one 
f ac to r .  The response  p a t t e r n  ind ica to r s  served as the 
man i f e s t  va r i ab les  in this s tudy.  A single l a t en t  va r i a -  
ble was i n t e r p r e t e d  to be an ordinal  scale  of response  
error. 

Let  us consider la tent  structure analysis in 
mathemat ica l  terms. When variables A and B are not 
independent, the fo l lowing relat ionship w i l l  no___tt hold: 

AB A B 
ij = ~ i " ~j (i) 

where i indexes the c lasses  of A,j indexes the c lasses  of 
ABis B, ~ .. the p robab i l i ty  an individual is in c e l l ( i , j ) ,  ~T.'~ 
lq 1 

is the~probabi l i ty  an individual is in class  i and is the 
p robab i l i ty  an individual  is in c lass  j. 3 

For the express ion  in (1) to be t rue ,A and B must  be 
independent .  The purpose of the  l a t e n t  var iab le  X is to 
ach ieve  this independence .  That  is,we want  to a r r ive  a t  
the fol lowing l a t e n t  c lass  model :  

ABX X AX BX 
ijt = ~t " ~it " ~jt (2) 

AB~ 
where  t indexes the c lasses  of X, 1T-.~-Is the p robabi l i ty  IjL X 
of being in cel l  ( i , j , t)  of the unobserved ABX table, ~ t  

is the probabi l i ty  that  an individual is in one of the 

mutua l ly  exc lus ive  and exhaus t ive  c lasses  of X, Tr AX it and B X 
• ~c. are the condi t ional  probabi l i t ies that an individual 
is m a par t icu lar  class of A and B , respect ively,  given 
that person is in a cer ta in class of X. Equation (2) 
states that ,  wi th in a class of X, A and B are indepen- 
dent of one another. 

Goodman (1974) describes the procedure to be fo l -  
lowed for ident i fy ing the classes of the latent  variable 
X and, thus, est imate the parameters (probabi l i t ies) on 
the r ight-hand side of (2). Clogg (1977) has developed a 
computer program ( M L L S A ) w h i c h  uses Goodman's pro- 
cedure to ident i fy  the la tent  st ructure model for poly- 
tomous manifest  variables. A f te r  the model has been 
est imated, the parameter est imates are used to gene- 
rate expected frequencies (Fi.j) for the manifest cells. 
With these expected frequencies and the observed ones 
(fi.j), two Chi-square tests can be performed to deter-  
mlne the f i t  of the model. They are the Pearson's Chi-  
square and the Chi-square based on l ikel ihood rat ios 
wi th the degrees of freedom associated wi th the model 
computed in the fo l lowing way for q manifest  variables 
wi th the number of classes for each labeled I k and the 
number of latent  classes labeled T: 

q q 

DF= (If Ik)-l-{((~. Ik)-(q-i )) T-I} (3) 
k=l k=l 

The ultimate purpose for using latent structure 
analysis in this study was to assign the individual 
consumer units to the classes of the latent  variable or 
the points on the scale of response error.  The units in a 
cel l  (i,j) were assigned to the class which received the 
modal proport ion of the cases in that  cei l .  This method 
of assignment and its associated error is analogous to 
the lambda measure of association. Larnbda can serve 
as a supplement to the Chi-square stat is t ics.3/ .  

IV. The response  p a t t e r n  ind ica tors  
a. Deve lopmen t  of the ind ica to rs  
Before  the response p a t t e r n  ind ica tors  were  deve l -  

oped,  we laid out  an analys is  plan.  The two c lasses  of 
expend i tu re s  ana lyzed  were  Food and Non-a lcohol ic  
Beverages  for Home Consumpt ion  and the to t a l  of Food 
and Nonalcohol ic  Beverages  Consumed  At Home and 
Away From Home.  These c lasses  were examined  for 
both the to ta l  sample  and what  we re fe r  to as the 
" in t ac t "  fami l ies .  The i n t a c t  f ami l i e s  are  those  units 
where  no m e m b e r s  were  away and no vis i tors  were 
p resen t  during the t w o - w e e k  period.  We bel ieved tha t  
this group of 6208 units ,  being more  homogeneous ,  
would provide the most  conc lus ive  resu l t s .  

The f i rs t  of the response  p a t t e r n  ind ica tors ,  
RECAL,  is a d i cho tomous  var iab le  which measures  
whe ther  or not reca l l  i n fo rma t ion  is con ta ined  in a 
consumer  unit 's  expend i tu re  r epor t .  While respondents  
a re  supposed to keep the diary t h e m s e l v e s ,  many t imes  
the in t e rv iewer  must  conduc t  a reca l l  in te rv iew a t  the 
end of the week for all or pa r t  of the expend i tu res  
which the responden t  has fai led to record .  \Ve chose 
this var iab le  because  we fe l t  t ha t  the p resence  of recal l  
i n fo rma t ion  inc reases  the l ikel ihood tha t  the expendi -  
tu re  r epor t  is i n c o m p l e t e .  

Another  ind ica tor ,  FDDIF,  measu re s  the d i f f e rence  
be tween  the respondent ' s  a v e r a g e  weekly  expend i tu re  
for food a t  home as r epor t ed  in the diary and a prior 
e s t i m a t e  of this expend i tu re  given by the respondent  a t  
the beginning of the two-week  diary period.  This 
d i f f e r ence  was divided by the sum of these  two values .  
The smal le r  the r epo r t ed  expend i tu re  is c o m p a r e d  to 
the e s t i m a t e d  expend i tu re ,  the  less conf idence  we have 
in the repor t ing .  Because  the responden t ' s  e s t i m a t e  of 
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food expendi ture  may be somewhat  inaccura te ,  we have 
recoded the continuous variable into three discre te  
ca tegor ies  which a c c e n t u a t e  gross d i f fe rences  in FDDIF 
from respondent  to respondent .  The dividing lines 
between ca tegor ies  are based on the distr ibution of the 
original variable (the 25th and 75th percent i les) .  
FDDIF is also the new discre te  var iable .  

A third indicator which is similar to FDDIF 
provides fur ther  informat ion about  the repor ted 
expendi tures  compared  to the respondentVs e s t ima te  of 
usual expendi tures .  Before the diary is placed in the 
home, the respondent  is not only asked about  the usual 
grocery expendi tures  but also about  the number of trips 
made to the grocery s tore in a week. By examining the 
pa t te rn  of repor ted daily food expendi tures ,  we 
e s t ima ted  the number of grocery s tore tr ips per week 
made by the respondent  during the two-week diary 
period.4/  TRIP is the d i f fe rence  be tween the 
respondentVs prior e s t i m a t e  and our e s t ima te  of 
repor ted trips divided by the sum of these values,  and it 
was recoded like FDDIF. 

Two other indicators ,  FVCEEK and AVCEEK, were 
derived by compar ing expendi tures  for the f irst  week 
(either for food at  home or to ta l  food purchases) to 
those for the second week. Previous consumer diary 
research (Turner, 1961; Kemsley,  1961; Sudman and 
Ferber ,  1971; Pear l ,  1979) indicated tha t  the f irs t  week 
expendi tures  tend to be higher than those for the 
second week. While this could be the result  of t e l e -  
scoping earl ier  expendi tures  into the f irst  week, our 
procedures  are designed to overcome this tendency.  It 
is likely, the re fore ,  tha t  a decline in repor ted expendi-  
tures shows a loss of in te res t  in keeping the diary and, 
thus, g rea te r  underrepor t ing.  

To c rea te  FVCEEK we began by comput ing the 
d i f ference  between the f irst  week expendi ture  for food 
at  home and the same expendi ture  for the second week 
divided by the sum of the two expendi tures .  AWEEK 
was c rea ted  in a similar  manner except  expendi tures  
for both food a t  home and away were used. Both were 
recoded into three discre te  ca tegor ies  as discussed 
above. 

We hypothesized tha t  the middle ca tegory  of these 
variables  identify consumer  units with a low response 
error  since they are the ones with the smal les t  d i f fer -  
ence between the f irst  and second week expendi tures .  
We were fairly cer ta in  that  ca tegory  three containing 
units having much larger expendi tures  in the f irst  week, 
indicated a high level of response e r r o r .  There was less 
ce r t a in ty  about  ca tegory  one in which units repor ted 
more expendi tures  in the second week. 

b. Relat ionships of the indicators  to expendi tures  
After  c rea t ing  the five indicators ,  we evalua ted  

their probable connect ion to response error  by examin-  
ing the mean weekly expendi tures  for food at  home and 
to ta l  food over the ca tegor ies  of these indicators .  Even 
though a par t icu lar  respondent 's  repor ted expendi ture  
size is not necessar i ly  re la ted  to response error ,  if the 
direct ion of the means are what  we would expect ,  it 
gives us some confidence tha t  the indicators  are valid. 
Since the most  likely response errors ,  as a l ready s ta ted ,  
are underrepor ts ,  those ca tegor ies  considered to have 
the g rea t e s t  response error  should have the lowest 
means.  Ca tegor ies  with the leas t  response error would 
have the highest means.  

Table I displays, for all famil ies ,  the weekly means 
for food a t  home (FDHOMEAV) and to ta l  food pur- 
chases (FDALLAV) which are the simple averages  of 
the respondent 's  two weekly repor ts .5]  In the cases of 
TRIP, FDDIF and RECAL, ca tegory  one should have the 
least  response error and the highest  numbered ca tegory  

the most.  As you can see, the means for both 
FDHOMEAV and FDALLAV are in the expec ted  direc-  
tion for these variables .  The ca tegory  means are 
always signif icantly d i f fe ren t  from each other .  These 
same pa t te rns  hold for in tac t  famil ies .  While the 
declines in the means found when moving from ca tegory  
one to two in TRIP and FDDIF are cer ta in ly  meaning-  
ful, it is the d i f fe rences  in the means of ca tegor ies  two 
and three tha t  are most  str iking.  The d i f fe rences  in the 
means for the two ca tegor ies  of RECAL are similar to 
those for the f i rs t  two ca tegor ies  of TRIP and FDDIF. 

The means for A VCEEK and FWEEK are par t icular ly  
in teres t ing  given our ear l ier  discussion of these var ia-  
bles. As predic ted ,  the second ca tegory ,  where the 
week- to -week  var ia t ion is smal les t ,  has the g rea te s t  
means.  Ca tegory  three ,  containing individuals with 
larger first  week expendi tures ,  has much smaller  
means.  But ca tegory  one, with respondents  who have 
grea te r  second week expendi tures ,  also has smaller  
means which are a lmost  ident ical  to those for ca tegory  
three .  

V. The la ten t  response error  var iables  
a. Creat ion of the l a ten t  var iables  
We conducted four la ten t  s t ruc ture  analyses using 

MLLSA. There was an analysis for each of the four 
ceils in the analysis plan. The input for these analyses 
was the weighted cell  f requencies  from four-way cross-  
tabulat ions  of the response pa t t e rn  indicators .  To 
c rea t e  the la ten t  response error var iable  for food at  
home,  we used TRIP, FDDIF, RECAL and FWEEK. 
TRIP, FDDIF, RECAL and A WEEK were c ross - t abu-  
lated to develop the l a ten t  response error  variable for 
to ta l  food purchases.  

The results  of the analyses  for all famil ies  are 
presented in Table 2; results  for the in tac t  famil ies  are 
quite similar and can be found in the expanded version 
of the paper.  The Chi-square  values tes t ing indepen- 
dence in the four-way tables  are ex t r eme ly  large.  The 
introduct ion of the l a ten t  var iables ,  however,  great ly  
reduces the size of the Chi-square values.  Significant 
relat ionships still remain,  but this might be expec ted  
given the large sample size. 

Note tha t  the number of degrees  of f reedom asso- 
c ia ted with the tes t  of the la ten t  model does not equal 
the ca lcu la ted  figure from (3) which is th i r ty .  A 
boundary problem results  from the fac t  that  a few 
e s t ima te s  of the condit ional  probabi l i t ies  are close to 
zero.  To overcome the problem,  these probabi l i t ies  are 
set  to zero (never more than three in a model) c rea t ing  
a si tuat ion analogous to placing _a priori res t r ic t ions  on 
pa rame te r s .  

Besides the Chi-square s ta t i s t i cs ,  we can evalOate 
the other  informat ion produced by the MLLSA program.  
In each model,  ninety percent  of the cases were cor-  
rec t ly  classif ied using the modal class probabi l i t ies ,  and 
lambda is always about  .80. The index of diss imilar i ty  
is so small tha t  only about  three percen t  of the cases 
would have to be shifted to achieve a dissimilar i ty 
index of zero.  

b. Modeling expendi ture  with the la ten t  var iables  
Using the modal l a ten t  class probabi l i t ies  for each 

cell  in the four-way table ,  respondents  were assigned to 
one of the la ten t  classes.  The lowest  numbered class is 
the one deemed to have the leas t  amount  of response 
error while the highest  has the most .  The labeling of 
these classes is based on the theore t i ca l  relat ionships 
be tween the response pa t t e rn  indicators  and the la ten t  
response error  var iable .  The la ten t  class var iables  were 
named CLASHOME and CLASTOTL for food at  home 
and to ta l  food purchases,  respec t ive ly .  In order to 
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eva lua t e  these  var iab les ,  each was en t e r ed  as the 
independent  va r i ab le  for model ing  the a p p r o p r i a t e  
weekly  expend i tu re  va r i ab le  (e i ther  FDHOMEAV or 
FDALLAV).  

In all cases ,  the F - r a t i o s  are  s ign i f ican t  indica t ing  
the re  is indeed a re la t ionship  be tween  the l a t e n t  
response  e r ror  va r iab le  and the expend i tu re  var iab le .  
Moreover ,  the R- squa re  va lues  are  s imi lar  for both 
in t ac t  f ami l i e s  and all  f ami l i e s  (.10 to .18). The f a c t  
tha t  the R- squa re  values  are  not pa r t i cu l a r ly  large is 
cons i s t en t  with the idea t ha t  individual expend i tu re  
amoun t s  should sti l l  vary  widely within each of the 
c lasses .  It is only response  e r ror  in these  expend i tu re  
repor t s  which should be con t ro l l ed  by the l a t en t  va r i a -  
ble.  

In connec t ion  with this las t  point ,  we were i n t e r -  
es ted  in seeing whe the r  the l a t en t  var iab le  was o r thog-  
onal to income and fami ly  s ize,  p robably  the two most  
i m p o r t a n t  p red ic to r s  of food expend i tu re .  We modeled  
the expend i tu re  va r i ab les  using income,  fami ly  size and 
the l a t e n t  va r iab le  to examine  this ques t ion .  Looking 
a t  the sum of squares  a t t r i b u t e d  to the l a t e n t  var iab le  
a f t e r  con t ro l l ing  for income and fami ly  s ize,  we found 
tha t ,  in every  case ,  two- th i rd s  to t h r e e - f o u r t h s  of the 
a m o u n t  of va r i ance  expla ined  by the l a t e n t  var iab le  was 
unique. This i n fo rma t ion ,  along with the r e l a t ive ly  
smal l  R-squa res ,  gives us conf idence  tha t  we are  not 
s imply measur ing  expend i tu re  size with the l a t e n t  va r i -  
able .  

c. Analysis  of expend i tu re  var iab le  means  across  
the l a t e n t  c lasses  

Means of the a p p r o p r i a t e  expend i tu re  var iab le  for 
the c lasses  of the l a t e n t  va r iab le  for both all f ami l i e s  
and i n t a c t  f ami l i e s  are  found in Table  3. The p a t t e r n s  
of the means  are  qui te  s imi lar  for both sets  of fami l ies .  
Not only are  the d i f f e r e n c e s  a lways  s ign i f ican t ,  but  
they are  also la rge  enough to be meaningfu l .  This is 
e spec ia l ly  t rue  for the d i f f e r e n c e s  b e t w e e n  the c a t e -  
gory th ree  mean and the o ther  two means .  And, 
ce r t a in ly  to the e x t e n t  t ha t  lower means  ind ica te  more  
unde r repor t ing ,  we can say c a t e g o r y  th ree  ident i f ies  
respondents  who unde r r epo r t  the mos t .  

Of pa r t i cu l a r  i n t e r e s t  here  is the compar i son  of the 
p a t t e r n s  in the FDHOMEAV means  and the p a t t e r n s  in 
FDALLAV means .  In the f i r s t  p lace ,  the ac tua l  size of 
expend i tu re s  for food away f rom home (not shown) 
tends  to be a good deal  smal le r  than tha t  for food a t  
home.  The re fo re ,  the d i f f e r e n c e s  in food a t  home 
expend i tu re  domina t e s  the d i f f e r ences  in to t a l  food 
expend i tu re  means .  As it turns  out ,  the mean food 
away from home expend i tu re  for c a t e g o r y  th ree  of 
CLASTOTL is s o m e w h a t  sma l l e r  than the mean for the 
o the r  c a t ego r i e s ,  but  the re  is much less d i sc r imina t ion  
than with food a t  home.  

d. Re la t ionsh ips  among  the response  p a t t e r n  indica-  
tors  and the l a t e n t  response  e r ror  va r iab les  

C r o s s - t a b u l a t i o n s  of the response  p a t t e r n  ind ica tors  
and the l a t e n t  va r i ab les  were  done.  They provided us 
with an unders tand ing  of the con t r ibu t ion  of each of the 
ind ica tors  to the l a t e n t  response  er ror  var iab les .  For 
ins tance ,  p re sence  in the f i r s t  c a t e g o r y  of TRIP large ly  
d e t e r m i n e s  m e m b e r s h i p  in the c a t e g o r y  with the leas t  
a m o u n t  of response  e r ror  in expend i tu re  r epor t s  for 
food a t  home (ca tegory  one of CLASHOME).  The 
s i tua t ion  is the same  with to t a l  food purchases  for all 
f ami l i e s .  This is not  t rue  in the case  of CLASTOTL for 
i n t ac t  fami l ies .  

We were conce rned  t ha t  the i m p o r t a n c e  of TRIP in 
defining the f i rs t  c a t e g o r y  of the l a t e n t  va r iab les  
m e a n t  we were s imply measur ing  expend i tu re  size and 
not response e r ror .  Other  i n fo rma t ion ,  however ,  sug- 

ges ted  t ha t  this was not  t rue .  In the f i r s t  p lace ,  FDDIF 
which is r e l a t ed  to TRIP did not behave  in the same 
way with r e spec t  to this c a t e g o r y .  Secondly,  TRIP's  
e f f e c t  is not i so la ted  f rom the e f f e c t s  of the o ther  
p a t t e r n  ind ica tors .  CLASHOME and CLASTOTL are  
the produc ts  of the in t e r r e l a t ionsh ips  of all of these  
indica tors .  This is r e f l e c t e d  in the f a c t  tha t  the 
i m p o r t a n c e  of TRIP diminishes  in the case  of 
CLASTOTL for i n t ac t  fami l ies .  Final ly ,  the f i rs t  
c a t e g o r y  of TRIP is compr i sed  of respondents  who made 
e i the r  the same or more  t r ips  in compar i son  to the 
number  of t r ips they e s t i m a t e d  prior  to keeping the 
diary.  When these  two groups of respondents  were 
examined  s e p a r a t e l y ,  we found tha t  the means  for 
FDHOMEAV and FDALLAV were  ac tua l l y  higher for 
respondents  who made the same number  of t r ips  as 
e s t i m a t e d  c o m p a r e d  to those  who made more  t r ips .  

3ust  as TRIP is i m p o r t a n t  for de t e rmin ing  which 
respondents  are  in the lowes t  response  e r ror  c a t e g o r y ,  
FDDIF ident i f ies  respondents  in the h ighes t  c a t e g o r y .  
The two c a t e g o r i e s  of RECAL dif fer  f rom one ano the r  
in t ha t  c a t e g o r y  two is more  l ikely than c a t e g o r y  one to 
have m e m b e r s  with the h ighes t  level  of response  e r ror .  
As for FWEEK and A WEEK, their  middle ca t ego ry  
conta ins  a smal le r  p e r c e n t a g e  of cases  in the wors t  
e r ror  c a t ego ry  of the l a t e n t  va r iab les  than do their  
e x t r e m e  c a t e g o r i e s .  

e. Demograph ic s  and the l a t en t  response  er ror  va r i -  
ables  

As a preview of the causa l  analys is  descr ibed in 
Sect ion II, Table 4 displays the re la t ionsh ips  be tween  
ce r t a in  CU demograph ic  c h a r a c t e r i s t i c s  and the l a t en t  
va r iab les  for all f ami l i es .  The resul ts  for i n t ac t  f a m i -  
lies are s imi lar .  A p a t t e r n  e m e r g e s  f rom this tab le  
which is not en t i re ly  unexpec t ed .  Those consumer  units  
mos t  l ikely to be assigned to the c a t e g o r y  with the 
g r e a t e s t  response  e r ror  a re  ones composed  of young, 
single individuals with low income.  They are  more  
o f ten  than not r en te r s .  

The descr ip t ion  given above is one of people  who 
may lead s o m e w h a t  unse t t l ed  l ives.  They may not 
spend much t ime  a t  home or, a t  l eas t ,  have e r r a t i c  
schedules .  These people may not be inclined to take  
the t ime  to keep the diary.  

VI .  Discussion 
Nonsampl ing  er rors ,  and response  e r ro rs  in p a r t i c u -  

lar ,  a re  very d i f f i cu l t  to measu re ,  but  the re  has been an 
increas ing number  of a t t e m p t s  to do so in r ecen t  years .  
Most of the a t t e m p t s  which have dea l t  with e r ror  a t  the 
micro  level  have involved the use of r e in t e rv iews  or 
independent  sources  such as a d m i n i s t r a t i v e  records .  
These p rocedures ,  however ,  are  not app rop r i a t e  for 
many surveys ,  and the CE Diary Survey is one of t hem.  
This paper  has p resen ted  ano the r  approach  to the 
m e a s u r e m e n t  of response  e r ror  a t  the micro level .  It 
appears  to be a useful  one a l though i m p r o v e m e n t s  
ce r t a in ly  could be made .  

The goal of this r e sea rch  was to produce a l a t en t  
var iab le  which could be used as the dependen t  var iab le  
for de t e rmin ing  the causes  of response  e r ror .  It may 
not be des i rable  to use this measure  of response e r ror  
to adjus t  e s t i m a t e s  d i rec t ly ,  but  the l a t e n t  var iab le  can 
be used to revise survey p rocedures  and eva lua t e  the 
revisions.  Hopeful ly ,  we can d e t e r m i n e  the con t r i bu -  
t ions to response  e r ror  made by the var ious  e l e m e n t s  in 
the survey s i tua t ion;  and, with these ,  we can spec i fy  
the na ture  of the causal  process  leading to response 
e r r o r ,  
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FOOTNOTES 

I /  For a description of the CE Diary Survey refer to 
U.S. Department of Labor (1983). 

2/ The ut i l i ty  of viewing response error as the depen- 
dent variable was emphasized by Borus (1966). For 
another but similar conceptual izat ion of the survey 
situation see Sudman and Bradburn (1974). 

3/ See Clogg, 1977. Another measure of the goodness 
of f i t  not so dependent on the sample size is the 
dissimilar i ty index defined as 

.~. ABS(fij - Fij) 
x3 2n 

4/ To estimate the number of observed trips we f i rst  
computed the average amount spent on food per 
grocery tr ip as reported by the respondent prior to 
keeping the diary. We then calculated the mean 
expenditure per trip for families of different  size. 
We divided these means in half and used the new 
values to compute  the number of observed trips. 
For every CU, we counted the number of days in 
which expenditures for food exceeded the amount  
associated with the CU's size and divided the total  
in half to arr ive at the number of observed trips per 
week. 

5/ Al l  results use weighted data unless otherwise indi- 
cated. The weight is the simple average of the 
weights for the two individual weeks. Stat ist ical 
tests assume simple random sampling. 
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Table  1. Means of F o o d - a t - H o m e  and To ta l  
Food for P a t t e r n  Ind ica to r s  - -  All Fami l i e s  

Weighted Mean of Mean of 
TRIP N FDHOMEAV FDALLAV 

1 2380 547 .32  $62 .98  
2 2923 39.55 55.89 
3 3688 17.55 30 .27  

FDDIF 
1 2120 46.55 60 .69  
2 4239 36 .38  52.41 
3 2632 15.44 28 .39  

RECAL 
1 6256 34 .26  49 .91  
2 2735 28 .32  42.00 

AWEEK 
I 2209 --- 40.24 
2 4420 - - -  53.58 
3 3362 - - -  42 .22  

FWEEK 
I 2154 26 .87  - - -  
2 4309 38 .97  - - -  
3 2528 26 .46  - - -  

C h i - s q u a r e s  
w i thou t  
l a t e n t  va r i ab l e  

C h i - s q u a r e s  
with l a t e n t  
va r i ab l e  

Inde x of 
d i s s imi la r i ty  

Lambda  
Cases  c o r r e c t l y  

c lass i f i ed  
P robab i l i t y  for 

l a t e n t  c lass  
1 
2 
3 

Table  2. Resu l t s  of L a t e n t  S t r u c t u r e  
A n a l y s e s - -  All Fami l i e s  

F o o d - A t - H o m e  
Pea r son  L - R  DF Pea r son  

3186 2913 46 2674 

To ta l  Food 
L - R  

2579 

165 162 32 125 125 

0 .05  0 . 0 5  
0 .85  0 . 8 3  

91% 90% 

.32 .32 

.42 .41 

.26 .27 

DF 

46 

32 

CLASHOME 
1 
2 
3 

CLASTOTL 
1 
2 
3 

Table  3. Weekly Means of F o o d - a t - H o m e  and To ta l  Food 
E x p e n d i t u r e s  for the  L a t e n t  Classes  

All F a m i l i e s  I n t a c t  Fami l i e s  
Weighted 

N 
2550 
3994 
2448 

Mean of Weighted Mean of 
FDHOMEAV N FDHOMEAV 

$ 4 6 . 4 3  1733 $46 .64  
35 .22  2675 36 .12  
14.60 1800 16.89 

Weighted 
N 

2297 
4095 
2599 

Mean of Weighted Mean of 
FDHOMEAV N FDHOMEAV 

$63 .74  881 $61 .86  
50.37 3505 53.11 
28 .08  1822 29.59 

CLASHOME 
l 
2 
3 

CLASTOTL 

Table  4: Re la t ionsh ips  B e t w e e n  D e m o g r a p h i c s  
and L a t e n t  Var iab les  - -  All Fami l i e s  

I nc om e  CU Size 
I n c o m p l e t e  
R e p o r t e r s *  

(1694) 
23% 
40 
37 

Under  $15K 
$15K and over  1 2 
(3404) (3894) (2496) (2593) 

27% 32% 27% 28% 
43 47 36 47 
30 21 37 25 

3 or  
More 
(39o~) 

30% 
47 
23 

I 20 24 29 25 24 27 
2 42 45 50 37 51 50 
3 38 31 21 38 25 23 

CLASHOME 
1 
2 
3 

CLASTOTL 

# 
Age of 

R e f e r e n c e  Person  CU Tenure  
Under  45 

25 25-44  and over  Owner  R e n t e r  + 
(1053) (3577) (4362) (5537) (3455) 

21% 29% 29% 31% 24% 
38 44 47 46 42 
41 27 24 23 34 

1 18 27 26 28 22 
2 40 46 49 49 43 
3 42 27 25 23 35 

* Responden t s  who fai l  to r e p o r t  all  i n c o m e .  
# R e f e r e n c e  person is the  one who owns or r en t s  the  dwel l ing .  
+ Includes  r e sponden t s  l iving on p r o p e r t y  of o the r s  wi thou t  paying r e n t .  


