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1. Int roduct ion 

In many surveys ind iv iduals  can be natura l ly  
grouped into un i ts .  The grouping may resu l t  
from the nature of the sampling design or from 
the nature of the information col lected by the 
survey. For example, in a demographic survey 
the sampling frame may consist of housing uni ts 
from which a sample is selected. Estimates 
may be required for  ind iv iduals  as well as fo r  
households and subhousehold uni ts such as fam- 
i l i e s .  

Survey weights are usually calculated at the 
lowest leve l ,  here the sampled i nd i v idua l .  
Estimated levels for  personal charac te r is t i cs  
are obtained by summing the weights associated 
with a l l  ind iv idua ls  possessing the character-  
i s t i c  of i n te res t .  To obtain estimates fo r  
cha rac te r i s t i cs  defined at the group leve l ,  a 
weight must he assigned to each uni t  (group of 
i nd i v i dua l s ) .  A commonly used assignment 
method designates one ind iv idual  in each un i t ,  
hereaf ter  referred to as a pr inc ipal  person, to 
represent the uni t  an°d uses that  i nd i v i dua l ' s  
weight in group tabu la t ions.  This procedure 
can lead to inconsistencies in the tabulated 
resul ts  from the sample i f  the person's weight 
is used. To avoid these contradic t ions an add- 
i t i ona l  adjustment is often made to the p r in -  
cipal person's weight to obtain a new weight 
fo r  use in group level estimates. 

In th is  paper we describe several a l te rna-  
t i ve  methods of obtaining group weights. The 
Current Population Survey w i l l  be used to i l l -  
ust rate the methods. Other examples where 
s imi la r  procedures could be applied include 
the National Crime Survey and the Consumer 
Expenditure Surveys. 

2. The CPS Example 

weight for  use in family and household e s t i -  
mates. A summary of the steps in th is  f ina l  
stage is given below. The ra t iona le  for  the 
procedure is discussed in Bureau of the Census 
Technical Paper 40 (1978). 

Step I" In MSP households, change the hus- 
band's f ina l  person weight to the 
w i fe ' s  f ina l  person weight. 

Step 2" In M.SP households, for  each age-race 
category cal cul ate 

far  = s(female MSP weight) / 
~(male MSP weight) . 

Step 3: For other male heads (OMH), mu l t ip ly  
the f i n a l p e r s o n  weight by the appro- 
pr ia te  fac tor  fa r -  

Step 4: For each male age-race category, ca l -  
culate 

* = [~ (o r ig ina l  CPS weight ) ]  far  
- [s (adjusted weights 
for  male MSP and OMH)] / 
[S(or ig ina l  CPS weight) 
- s (o r ig ina l  CPS weights 
for  male MSP and OMH)] . 

Step 5: For a l l  other males (AOM) fo r  each 
age-race category, mul t ip ly  the f ina l  
person ~eight by the appropriate 
fac to r  far"  

Al l  of the steps in the scheme are performed on 
the ent i re  sample rather than on each panel 
( ro ta t ion  group) separately.  All family and 
household tabulat ions in CPS use the adjusted 
(or fami ly)  weight of the head of the family 
or household. The head is defined to be e i ther  
the husband or wife in a MSP family and is a 
sel f -declared adult in a l l  other households and 
fami I i es. 

The Current Population Survey (CPS} is a 
longi tud ina l  address survey conducted by the 
Census Bureau fo r  the Bureau of Labor S ta t i s -  
t i c s .  I t  produces information on a wide va r i -  
ety of charac te r is t i cs  of the U.S. labor force.  
CPS u t i l i z e s  a s t r a t i f i e d  mult istage c lus ter  
design coupled with a ro ta t ing panel s t ruc tu re .  
Estimates are produced at the ind iv idua l ,  fam- 
i l y ,  and household leve ls .  Each sampled i nd i -  
vidual is assigned a weight derived from the 
reciprocal of the housing un i t ' s  p robab i l i t y  of 
se lect ion,  mul t ip l ied  by a set of factors 
obtained from p o s t - s t r a t i f i c a t i o n  to account 
for  noninterviews, sampling of PSUs, and the 
age-race-sex d i s t r i bu t i on  of the populat ion. 

I f  these person weights are used for  fami ly 
and household tabu la t ions,  in ternal  inconsis-  
tencies can resu l t .  For example, for  married, 
spouse present (MSP) fami l ies ,  the sum of a l l  
husbands' weights should equal the sum of a l l  
wives' weights since they both estimate the 
number of MSP fami l ies .  However, the two sums 
d i f f e r  when the person weights are used. The 
d i f ference arises from the age-race-sex post- 
s t r a t i f i c a t i o n  adjustment. To avoid such 
inconsistencies an addi t ional  adjustment is 
made to the person weights to create a family 

3. A l ternat ive  Approaches 

Three a l te rnat ives  to the general procedure 
described above were considered. Each w i l l  be 
described in the context of the CPS example and 
in general terms wherever possible. 

The procedure in Section 2 essent ia l l y  
designates one person (the head) t o  represent 
the ent i re  group and modifies his or her f ina l  
person weight to produce a weight which sup- 
posedly represents the ent i re  group. The 
f i r s t  proposal is to construct a group weight 
which is a funct ion of the charac te r i s t i cs  of 
the group as a co l lec t ion  of ind iv idua ls  rather 
than as a funct ion of the designated ind iv idual  
w i th in  the group. This new group weight is not 
attached to a pa r t i cu la r  ind iv idual  but is used 
fo r  tabulat ions of a l l  group related items. 

In the CPS example, the construct ion of such 
a group weight fo r  fami l ies would begin with 
the usual CPS basic weight, noninterview ad- 
justment, and f i r s t  stage ra t io  adjustment 
( for  the sampling of PSUs in each stratum).  
These adjustments would require knowledge of 
the race of e i ther  the head or the householder 
but do not require the use of that  i nd i v i dua l ' s  
person weight. One or more other ra t io  ad just -  
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ments based on the household's charac ter is t ics  
would fo l low these stages. Examples of such 
factors would be 

( i )  residence status (e .g . ,  SMSA vs. non- 
SMSA; urban vs. r u r a l ) ,  

( i i )  tenure status (own, rent,  no cash 
rent ) ,  

( i i i )  household structure (primary family 
only, primary and secondary fami l ies ,  
primary family and unrelated persons, 
e t c . ) ,  

( iv )  character is t ics  of the primary fami ly 
(e .g . ,  family size; racial  composition 
- b l a c k ,  nonblack, b i r a c i a l ) .  

The pa r t i cu la r  factor  or factors used would be 
determined by fu r ther  research. 

The advantage of th is  approach is that the 
un i t ' s  character is t ics  determine the weight 
used in tabulat ions concerning the uni t  as a 
group of ind iv idua ls .  I t  is more i n t u i t i v e l y  
appealing that ,  for example, an estimate of 
the number of black fami l ies with a single 
parent and one or more chi ldren depends on 
factors such as those l i s ted  above rather than 
on the age, race, sex, and mari tal  status of 
the person designated as the head. 

There are two major drawbacks to th is  
approach. F i r s t ,  control counts may not be 
easi ly  obtainable for the addi t ional  factors to 
be used for ra t io  adjustments. The use of 
some type of administ rat ive records may be the 
only source of independent control counts. 
Second, there is no guarantee that  new incon- 
s istencies w i l l  not arise when tabulat ion 
results based on group weights are compared 
with those based on person weights. I t  is th is  
second drawback which makes the implementation 
of th is  type of procedure un l i ke l y .  

The second proposal retains the idea of an 
addi t ional  modif icat ion of the f ina l  person 
weight. The motivation for  th is  a l te rna t i ve  is 
the a rb i t ra ry  assignment of the wi fe 's  f ina l  
person weight to the husband in MSP fami l ies .  
Under th is  proposal the f ina l  CPS person weight 
ca lcu lat ion would not be changed. 

For MSP fami l ies ,  independent control counts 
for  the j o i n t  age d i s t r i bu t i on  of the husbands' 
and wives by racial  category (e .g . ,  both black, 
both nonblack, b i r ac ia l )  would be used to form 
the usual ra t io  adjustment factor  "control  
count/sample t o t a l "  for  each ce l l .  This would 
e l iminate the arb i t ra r iness  of the present MSP 
adjustment. Contro l l ing to the j o i n t  age d is-  
t r i b u t i o n  would ensure the consistency of the 
sums of the husbands' and wives' family weights. 

In theory the independent controls for  the 
j o i n t  age d i s t r i bu t i on  by race for  MSP fami l ies  
could be obtained by updating census estimates. 
At each time point the d i s t r i b u t i o n  would be 
updated to account for  

( i )  aging of the couples, 
( i i )  addit ions (marriages, immigrat ion),  
( i i i )  delet ions (divorces, separations, 

deaths, migrat ion) .  
The pract ica l  problem is the qua l i t y  and t ime- 
l iness of the data necessary for  updating. The 
required information for  marriages and divorces 
is not avai lable for  a l l  states.  Prel iminary 
estimates from avai lable data have recent ly 
been published for  1982. Final estimates are 
avai lable for  1979. Death records are ava i l -  

able from al l  states and since 1981 should 
contain the necessary age, race, sex, and 
mari tal  status informat ion.  The time lag for  
death records is not qui te as long. The miss- 
ing data, the qua l i t y  of the avai lable data, 
and the lack of t imel iness of the f i na l  e s t i -  
mates make th is  approach in feas ib le  at the 
present t ime. In the future th is  source of 
control counts may be more useful than at 
present. 

The f ina l  and most  promising proposal is 
based on the appl icat ion of the generalized 
least squares (GLS) p r inc ip le  to obtain ra t io  
adjustment factors for  each sampled i nd i v idua l .  
I t  represents a second a l te rna t i ve  which ad- 
justs the f ina l  person weight to obtain a 
group weight. The idea of adjust ing frequency 
table entr ies using the method of least squares 
can be traced to Deming and Stephan (1940). 
We have taken the adjustment idea one step 
fu r ther  and used the adjusted entr ies to form 
p o s t - s t r a t i f i c a t i o n  ra t io  factors .  

Our f ina l  proposal can be b r i e f l y  summarized 
as fo l lows.  Each sampled ind iv idual  is cross- 
c lass i f i ed  by two or more factors (usually 
those used in the present adjustment of the 
person weight) and the sum of the f i na l  person 
weights of the ind iv idua ls  in each cel l  is ob- 
ta ined. The method of constrained generalized 
least squares is used to f ind new cel l  t o ta l s  
which have the property that they are as close 
as possible (in the sense of squared er ror )  to 
the or ig ina l  cel l  t o ta l s  and sa t i s fy  the con- 
s t ra in ts  which have been imposed on the cross- 
c l ass i f i ca t i on  to achieve in ternal  consistency 
in the survey tabu la t ions.  The new adjusted 
cel l  to ta ls  can be used to form ra t io  adjust -  
ment factors to apply to the f ina l  person 
weights to obtain group weights. 

In the context of the CPS example, each 
sampled indiv idual  is c ross-c lass i f ied  by race, 
sex, age, and household re la t ionsh ip  status 
(MSP, O'H, AO*, where * is M or F). For each 
race category, two tables are constructed as 
shown in Figure I .  The table entr ies are the 
sums of the f ina l  CPS person weights of a l l  
sampled ind iv iduals  in that c e l l .  The known 
age d i s t r i bu t i ons  by race for  males form inde- 
pendent column control counts for the male 
tables.  There are corresponding row controls 
for  the female tables.  There are no controls 
for  the rows in the male tables nor for  the 
columns in the female tab les.  The upper por- 
t ion of the male tables and the lef tmost por- 
t ion  of the female tables form two estimates 
of the j o i n t  age d i s t r i b u t i o n  for  MSP by race. 
The sum over race for  a cel l  in th is  port ion 
of the male tables should be ident ica l  to the 
corresponding sum in the female tables.  Sum- 
ming over race takes in to account b i rac ia l  
marriages. In general these corresponding sums 
w i l l  not be equal when f ina l  person weights are 
used. 

The method of GLS is used to produce "ad- 
justed" cel l  t o ta l s  for  a l l  four tables simul- 
taneously subject to the marginal age d i s t r i -  
bution constraints and the cel l  by cel l  MSP 
equal i ty  constra ints .  T h e s e  adjusted cel l  
to ta ls  are used to compute ra t io  adjustment 
factors for  each c e l l .  These factors can then 
be applied to the f ina l  CPS person weight of 
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Household 
Status 

Figure 1 

Table fo r  Males* (by Race) 

Age I 
Males MSP, . 
Wife's Age . 

e i 
Males 

o o ,  

o o o  

eM 

Age F 
Other Male Head 

Other Male Nonhead 
ma I 

o e o  
• ,  . . . . .  

o o o  

o e o  

• . .  ma M 

Age 1 

F ema I es . 

Age F 

Age I 

Table for  Females* (by Race) 

Household Status 
Female MSP 
Husband's Age 

e e e  

• • 

• • 

• • 

. . . .  

• O 0  

Other Other 
Female Female 

Acle M Head Nonhead 
i fa 1 

fa F 

*The MSP categories of each table are set o f f  by dark borders• 

each indiv idual  in the cel l  to obtain the i nd i -  
v idua l 's  family weight• 

4. The Generalized Least Squares Approach to CPS 

The constrained, generalized least squares 
method out l ined in the previous section can be 
formalized as fol lows for  the CPS example• De- 
f ine  T~jkM to be the observed t o t a l  in the 
( i , j ) ~n  cel l  of the male table for race k. De- 
f ine T.ijk F s i m i l a r l y  for  females• Note that 
the sunscr ip ts  i and j have switched d e f i n i -  
t ions for  males and females• That i s ,  for  the 
male tables,  i represents the household re la-  
t ionship status and j the i nd i v i dua l ' s  age cat-  
egory. For the female tables,  i represents the 
age category and j the household re la t ionship  
status• There is ,  however, consistency in the 
MSP port ion of the tables and th is  use of sub- 
sc r ip t  notat ion s impl i f ies  the presentation of 
the GLS calcu lat ions•  

Let ~i "kM and ~i " F be the adjusted 
cel l  tota~s correspon~ kn llhJ: i g to " ' M  and 
Ti jkF,  respect ive ly .  These are para- 
meters to be estimated. The GLS method f inds 
the r-values which minimize 

2 F+2 M 
Q(~) = ~ [ 7 7~ WijkM (TilkM~ - ~ i j k M  )2 

k=1 i=1 j = l  

F M+2 
+ 7 7~ WijkF ( T i j k F -  ~i jkF )2] ,  ( I )  

i : l  j : l  

subject to the constraints 

F+2 
7 TijkM = majk for j = l ,  . . . .  M; k=l,2 , 

i= l  

M+2 
7 Ti jkF = fa ik  

j=1 
for  i = l ,  . . . .  F; k= l ,2 ,  (2) 

T i j lM + zij2M = T i j l F  + Tij2F 

for  i=1, . . . ,  F; j = l  . . . . .  M, 

where w ijkM and WijkF are weights whose de- 
terminat ion w i l l  be discussed la te r  and the 
majk and faik are obtained from the known 
age d is t r ibu t ions  of males and females by 
race, respect ively.  

Technical ly the constraints (2) should be 
supplemented by the inequal i ty  constraints 

T ijkM > 0 and Ti jkF ) 0 for  a l l  i ,  j ,  k• 

Enforcing these inequal i ty  constraints makes 
the minimization of ( I )  much more d i f f i c u l t •  
In addi t ion,  they only need to be considered 
i f  the minimization of ( i )  subject to (2) pro- 
duces estimates which v io la te them. 

The model  corresponding to the sum of 
squares funct ion Q(~) in ( I )  subject to the 
constraints (2) can be wr i t ten in matrix nota- 
t ion as 
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T : X T  + e ,  

AT = C , 

(3) 

where 

T = [TI I IM,  T211M, . . . .  T(F+2)M2M, 

T I I IF ,  . . . .  TF(M+2)2F]" , 

and T is the parameter vector with entr ies in 
the order corresponding to that in T, X is the 
design matrix for  the model, A is the c o e f f i -  
c ient matrix for the constra ints ,  c is the 
vector of constants for  the const ra in ts ,  and 
the random vector e ~ (0,7) .  

Let W be a general weight matr ix.  Then 
Q(T) can be wr i t ten  in matrix form as 

Q(T) : (T - XT)" W - I  (T -XT) . 

The constrained GLS estimator of T is given by 

"~a = ~ + (X"W-Ix)-I a" [A(X"W-Ix) -I a'] - l -  

(c-A~) , (4) 
A 

where T is the unconstrained GLS est imator;  
i .e . ,  

= (X-W-Ix)-I  X-W-IT. 

For the CPS example, the design matrix X is an 
i den t i t y  matrix so that 

~ = WW-IT 

=T 

and the expression for  the constrained es t i -  
mator TA in (4) reduces to 

a = T + WA'(AWA')-I(c - AT) . (5) 

There are several possible weight matrices W 
which could be used. In our or ig ina l  formula- 
t ion of the CPS problem W was taken to be diag- 
onal. In general, a nondiagonal matr ix W can 
be considered. Deming and Stephan (1940) used 
a diagonal weight matrix in which the diagonal 
entr ies were the reciprocals of the observed 
cel l  t o t a l s .  An observed zero would be 
replaced by a prespecif ied large pos i t ive  
constant. A l t e rna t i ve l y ,  i t  may be desirable 
to have the weights re f lec t  the covariance 
st ructure of the observed to ta l s  T. In th is  
case, W = 7.. A th i rd  a l te rna t i ve  would allow 
the weights to re f l ec t  survey related factors 
such as coverage rates for  the various ce l l s .  

In the model (3) there are 2M(F+2) + 2F(M+2) 
parameters and 2M + 2F + MF const ra in ts .  In 
the current CPS weighting procedure, F=I7 and 
M=I7 so that there are 1292 parameters and 
357 independent constra ints .  This y ie lds  935 
independent parameters to be estimated. The 
vector T A has 1292  ent r ies .  The matrix 
AWA" to be inverted in (5) is a 357 x 357 
matr ix.  I f  W is a diagonal matr ix,  then the 
block st ructure of the coe f f i c ien t  matrix A can 
be exploi ted to avoid the d i rec t  ca lcu la t ion 
of (AWA')-I. A der ivat ion is sketched in 

the Appendix. The only nondi agonal matrix 
which needs to be inverted has dimensions 
2(M+F) = 68. 

5. Conclusion 

Several methods have been presented for  ob- 
ta in ing  group weights from ind iv idual  weightS. 
The most promising of these methods is based 
on constrained generalized least squares. The 
CPS is used to i l l u s t r a t e  the method. 

In th is  paper GLS was used in the formation 
of ra t io  factors for  an addi t ional  p o s t - s t r a t i -  
f i ca t i on  ra t io  adjustment. However, a GLS 
based adjustment could t heo re t i ca l l y  be used 
as a replacement for  the ent i re  weighting 
procedure to produce a common weight (the group 
weight) for  al l  ind iv iduals  wi th in a group. 
Each uni t  would be cross-c lass i f ied  by the 
usual control fac tors ,  which would also provide 
the entr ies of the constant vector in the con- 
s t r a i n t s .  Unfortunately,  the response vector 
would contain an entry for  each uni t  in the 
sample and matrix manipulations wQuld be re- 
quired for  matrices with dimensions equal to 
the number of groups in the sample. This 
would probably cause computational problems 
which would make the method impract ica l .  
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Appendix 

The matrix A in the model (3) can be wr i t ten  
in block form where the d iv is ion  of the rows 
corresponds to the three sets of constra ints 
(2) and the d iv is ion  of the columns corresponds 
to the four tables in Figure i .  

Let 

a ____= 

where 

A l l  0 0 0 

0 0 A23 0 

0 A32 0 0 

0 0 0 A44 

A51 A52 A53 A54 

A l l  = A23 = IF+ 2(9 IMx M , 
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A32 = A44 = IFx F (~ 1M+ 2 , 

A51 = -A53 = [IFx F , OFx2] @ IMxM , 

A52 = -A54 = IFx F (~ [IMxM , OMx2] , 

and I represents the iden t i t y  matr ix,  I a vec- 
tor  of ones, 0 a matrix of zeros, and(~ the 
Kronecker product ( c f . ,  Graybi l l  (1983), Sec- 
t ion 8.8).  

Assume that W is a diagonal matrix which 
has been par t i t ioned to correspond to the four 
tables in Figure I ;  i .e~,  

W = diag [WII, W12, W21, W22] , 

where Wii is the weight mat r i x  associated with 
the tabl~ defined for  race i and sex j .  Then 

AWA" = 

Vl l  0 0 0 V15 

0 V22 0 0 V25 

0 0 V33 0 V35 

0 0 0 V44 V45 

V15" V25" V35" V45" V55 

where the Vi_ i are simple functions o f  the A i 
and Wi.. A~  °tstain (AWA')-I, repartit ioJn 
the mat~i x " 

AWA" = 
Ull U12 -I 
U21 U22 I ' 

wh~re 

Ull : diag [ Vl l ,  V22, V33 , V44 ] , 

U22 = V55 , 

u2t  : [ vl " , v2 " , v3 " , v4 '] , 

U12 = U21" . 

Both U l l  and 4[]22 are diagonal matrices. To 
obtain (AWA')-1, the formulas for  the inverse 
of a par t i t ioned matrix ( c f . ,  Graybi l l  (1983), 
Section 8.2) can be applied to the l a t t e r  
pa r t i t i on  of AWA'. Only UII and U22 need to 
be inverted. 
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