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The Census Bureau's demographic surveys are periodically
redesigned for a variety of reasons. Among them are to reflect
changes in the composition of the population, to improve the
efficiency of the estimators through changes in the sample design
or the estimation procedure, and to accommodate changes in the
purpose of the survey (e.g., through changes in the survey
instrument). Such redesigns are often phased-in over a time span
which encompasses several data collection periods. Thus, the
survey estimates produced during the phase-in are affected by the
redesign as well as by actual changes in the population
characteristics themselves.

The purpose of this report is to describe an approach to
modeling the effect of the redesign on estimates from an ongoing
surwey, It consists of three parts originally written as
separate reports over several years and reflects the author's
attempts to set up, and then modify, the models as his experience
with and information about the surveys grew. In the first part a
model for the 1985-86 National Crime Survey (NCS) sample redesign
is constructed. The feasibility of the analysis is demonstrated
using 1982 (non-redesign) data. In Part 2 a similar model is
described for the 1984-85 Current Population Survey (CPS) sample
redesign., The third and final part represents an attempt to
analyze the CPS redesign. A cross-sectional analysis does not
prove to be adequate and a longitudinal approach is discussed but
not implemented. If the obstacles to the latter approach can be
overcome, it could provide a useful method for future redesigns.

The NCS analysis in Part 1 illustrates a second, and perhaps
more important use of such models; namely, the potential to
estimate the effect of some non-sampling errors and perhaps
ultimately to remove these effects from the published
estimates. Although this application is not explored in this
report, it does merit further investigation.



A Linear Model Approach to the Estimation of the
Redesign Effects in the National Crime Survey

by

Edward Gbur
Statistical Research Division
Bureau of the Census

March 1984



1. Introduction

The National Crime Survey (NCS) has been redesigned to reflect population
changes from the 1980 Census. The final report of the CPS/NCS phase-in work
group (Document No. 26 dated May 16, 1983) describes several alternative
phase-in plans. Plan B in this report has been selected for use. A descrip-
tion of the plan and the reasons for its selection are contained in an SMD
Draft Memorandum entitled "NCS Redesign: Plans for Measuring the Effect of
Phase-in of New Sample Areas" (undated). A discussion of the major factors
which may affect NCS estimates and several possible approaches to estimating
their effect are given.

'Three approaches and the necessary assumptions of each are mentioned in
the draft. These can be briefly described as

(1) a comparison of the estimates obtained for the part of the population

represented by the continuing sample areas with the estimates from
the entire sample,

(2) a comparison of time series based forecasts with estimates from the

entire sample,

(3) a linear model approach to the direct estimation of the phase-in

effects.
The purpose of this report is to expand on these preliminary discussions and
to construct a linear model which contains the major effects. In the frame-
work of the proposed model, estimates of the effects and their variances can
be obtained as well as the victimization levels and rates measured by NCS.
This report will not consider the first two approaches listed above.
The selected phase-in plan (Plan B) is characterized by an abrupt change

in noncontinuing areas. Data collection in all outgoing areas ceases after

December, 1985. Bounding interviews in incoming areas are conducted from



July to December, 1985 and data collection for estimation purposes begins

in January, 1986. In continuing areas the 1980 sampling frame is used to
select all new rotation groups beginning with those whose bounding interviews
are conducted from January to June, 1985,

The major factors which may affect NCS estimates can be broadly classified
as either phase-in related or nonphase-in related. Phase=-in related effects
are those primarily due to the disruption caused by the redesign and should
disappear after phase-in completion in June, 1988. The model presented in
this report contains only one phase~in related effect, referred to as the
type of area effect. Nonphase-in related effects are those which existed
prier to the redesign and which will persist after completion of the phase-in.
We would like to compare these effects on pre and post-redesign estimates and
if possible, to study any changes in them during the phase-in period. Two
nonphase-in related effects are included in the proposed model. These are
referred to as the recall lag effect and the time in sample effect.

As a phase-in related effect, the type of area effect is intended to
reflect changes in the survey methodology and not the population being sampled.
For redesign purposes, the PSU is not always the unit of interest. The term
area will be used to designate the unit of interest. It can be either a PSU
or part of a PSU in those instances where the stratum and/or PSU definitions
have changed with the introduction of the 1980 sampling frame. The area type
effect has four levels: continuing nondisrupted areas, continuing disrupted
areas, outgoing areas, and incoming areas. Examples of continuing disrupted
areas are those PSUs whose boundaries have been changed to include previously
nonsampled areas or to delete previously sampled areas. Under this breakdown
the area type effect encompasses the effects of new interviewers and inter-

viewers who will be fired, the effects of certain types of administrative



disruptions and burdens, and the effect of any other systematic differences
between areas which fall into different categories.

Both of the nonphase-in related effects reflect characteristics associated
with the sampled population's reaction to the survey procedure. The time in
sample effect is well documented and need not be discussed further. The recall
Tag effect arises from the method of data collection; viz., the respondent is
asked to describe all victimizations in the six month period preceeding the

interview. Memory loss and a “telescoping effect" may be the principal com-

ponents of the recall lag effect.

2, Statement of the Model and Assumptions

The model presented in this section describes the response for an entire
class of individuals rather than for a single individual. The groups have
been made as large as possible in terms of number of individuals represented
while still allowing for the effects of all major factors on each group for
which NCS estimates are regularly produced. These demographic groups could
be defined by age, race, sex, and place of residence or by some smaller set
of collapsed categories. The response to be modeled is given in terms of the
number of victimizations rather than in terms of the number of instances of a
particular type of crime.

For each sampled individual, let

Yijstik = reported number of victimizations of a particular type
of crime for the i-th sampled individual in the j-th
demographic group from the k-th type of area who is

being interviewed for the s~th time, reporting occur-
rences in month t and having a recall lag of 1 months,
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area types k is as listed in the Introduction. As will be

shown later, not all subscript combinations correspond to available data.

Let wjjst1k be the weight associated with Yjjsyik. A model containing the

major factors of interest could be constructed for each individual. How-

ever, since the vast majority of the Yjjs¢1x will be either zero or one, it

is more practical to model the weighted total number of reported victimizations;

jee.,

1
Y.jstlk = ,21 Wijstlk Yijstlk - (1)
‘l:
For a fixed demographic category j and month of victimization t, the
response (1) can be modeled as
Y.jstlk = W.jst1k Cjt * W jst1k Tjskh
+ W istlk Rj1 + W jst1k Ajkt” + W jst1k RAjikt-
te jstlk (2)
where
1
Wojstlk = L Wijstlk o
i=1l
Cjt = “true" victimization rate for demographic category j
in month of occurrence t ,
Tiskh = effect on the rate for interviewing individuals in demographic

group j from area type k for the s-~th time where the interview

occurred in the h-th six month period of the phase=-in
(h=¢1(t, 1)),



Rj1 = effect on the rate of recalling a victimization which
occurred 1 months prior to the interview for individuals
in demographic group j,

Ajkt” = effect on the rate of interviewing individuals in the
k-th area type when the interview is conducted in month
t"=t+1,

effect on the rate due to the interaction between the
recall lag and type of area ,

RAj1kt”

e jstlk = the aggregate of all sampling errors.

The parameters in the model (2) are subject to the following constraints:

6
s§1 W.jstlk Tjskh =0 for all k, h ,

6

- ) W i.tlk Rj1 =0 for all k,

1=1

Aj1ig” =0 for all t~ , (3)
RAj11¢7 = 0 for all 1 ,

6

L w.j.t1k RAjike” = 0 for all k .

As a reference point, t = 1 corresponds to January, 1985 and h = 1 represents
the six month period from January to June, 1985,

A simple numerical example will serve to illustrate the interpretation
of the terms in the proposed model. For purposes of the example we shall
ignore the error term in (2). Suppose we are interested in the number of
victimizations in month t for individuals in demographic group j. Suppose
we are interviewing individuals for the first time (excluding bounding inter-
views) in incoming areas concerning victimizations which occurred three months
prior to the interview. If

(i) the sampled individuals have weights which total 5000000

(w ; = 5000000 persons),
.jlt34
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(i) the "true" victimization rate for this demographic group in the
month of interest is 0.0300 victimizations per person
(Cj¢ = 0.0300),
(iii) the effect on the rate due to these individuals being sampled
from the first time is to increase it by 0.0020 victimizations per
person (Tj14h = 0,0020),
(iv) the effect due to the sampled individuals being asked to recall
an occurrence three months prior to the interview is to increase
the rate by 0.0010 victimizations per person (Rj3 = 0,0010),
(v) the effect due to sampling from an incoming area is to reduce the
e rate by 0.0050 victimizations per person (Aj4(t+3) = -0.0050),
(vi) and the effect of the interaction between the recall lag and
incoming area is to reduce the rate by 0.0005 victimizations per
person (RAj34(t+3) = -0,0005),
then
(5000000) (0.0300) + (5000000)(0.0020 + 0,0010 -~ 0.0050 - 0.0005)

Y.jit3a

150000 - 12500

1]

137500 reported victimizations.

Having illustrated the interpretation of the terms in the model (2), we
now briefly discuss the rationale for each term and the corresponding constraints
in (3).

"True" victimization rate: The estimate of Cj¢ represents a monthly
estimate which, in itself, is not published. The parameter does not neces-
sarily represent the true rate, rather it represents what the individuals
in the group would be willing to tell an interviewer under "ideal" conditions.
Thus, the word true is placed in quotes.

Following Bateman and Bettin (a paper entitled "Standard Error Estimation

for the Natinal Crime Survey" presented at the 1975 ASA meetings in Atlanta),



the “true" quarterly and yearly rates can be expressed in terms of the Cjt as

(Q) _ to+2 (Q)
C.. = (z w'.. o C. ) / P ’
J t=tg Jot Jjt
(Y) to+ll (.)
C.l = (z 0.0 L] C. ) /p- 4
J f=tg W.j.t jt

respectively, where

@ 8 )
P =1  wPit”,
t°=1
. | S .
Pjt = _ (independent control count of the number of persons in the
6 j-th demographic group for month of data collection t~),
- w’ = 1/3 ift° =1, 8
= 2/3 ift° =2,7
= 1 ift” =3, 4,5,6 ,
4
AR ) p @
Q=1

The weights wy” reflect the number of months of occurrence in the quarter for
which information is obtained in month of data collection t”. Hence, the
monthly estimates of Cjt can be used to produce a set of publishable values.
Time in sample (TIS) effect: Ideally this effect would depend on the
demographic group j, the type of area k, and the month of data collection
t“ =t + 1. This latter dependence would allow for changes in the TIS
effect over time. If we allow the TIS effect to depend on t“, then there
are as many parameters Tjgk1t as there are responses Y jst1k. Even with
constraint§ on the T's of the form given in (3), we would not be able to
uniquely estimate all of the parameters in the model. Therefore, the
dependence on time must be modified.
Since each rotation group is divided into panels which are interviewed

over a six month period, it is convenient to allow the TIS effect to depend



on the six month period h (January=-June or July-December) in which the data
is collected. Thus, the TIS effect is denoted by Tjskh' It should be noted
'that although the TIS effect refers to the repeated sampling of the same
individuals over time, the effects are calculated from the responses of
different individuals sampled in the same month but who have differing numbers
of previous interviews. Hence, the use of six month periods is a matter of
convenience and the actual dependence on time should be investigated further.

The constraint g W_jst1kTjskh = 0 means that within each demographic
group j, area type k, and six month period h, the TIS effects can be thought
of as deviations from some average level; i.e., for some numbers of interviews
s, &here is underreporting while for others there is overreporting, but they
balance out over all values of s.

The constraint could be modified to ) W jst1kTjsknh = K. 1f the constant
K does not depend on time or on the demogiaphic group j, then a nonzero value
of K does not represent a more general constraint. This follows since we can
write T;skh = Tjskh = (K/w_ jstik)s replace Tjg¢p in the model by T;skh’ and
add an overall mean to the right hand side of the model (2). The T;skh
sum to zero over s.

Recall lag effect: The effect of recalling a victimization which occurred
1 months prior to the interview is allowed to depend on the demographic group j
but not on area type, month of occurrence, or number of interviews.

The constraint ) W,j.t1k Rj1 = 0 assumes underreporting for some lags
and overreporting fol others with a net effect of zero. If the recall lag is
primarily a problem of "telescoping" rather than a loss of memory, then the
constraint appears to be reasonable. On the other hand, if loss of memory

is the primary reason for the recall lag effect and if we are willing to

assume perfect recall for the month preceding the month of interview, then



a more reasonable constraint would be Rj; = 0. Other constraints are possible
depending on the perceived nature of the recall lag effect.

Area type effect: The area type effect is assumed to depend on the type
of area k and the month of data collection t” =t + 1, where

k

1 if the area is continuing and nondisrupted,

k =2 if the area is continuing and has been disrupted,

k =3 if the area is outgoing,

k =4 if the area is incoming.
Classification of the majority of the sampled areas will be clearcut. In a
few cases listing a sampled area as continuing nondisrupted (k=1) or as con-
tinyging disrupted (k=2) can be somewhat arbitrary. Examples of how such cases
can arise were given in the Introduction. These should be classified on a case
by case basis using prespecified guidelines. If a small number of major causes
of disruption in continuing areas can be identified, it may prove fruitful to
break area type k = 2 into several separate factor levels.

As indicated in the Introduction, the area type effect encompasses all
factors which are phase-in related; e.g., the effect of new interviewers
in incoming areas and continuing disrupted areas, the effect of terminated
interviewers in outgoing areas and continuing disrupted areas, and the effect
of certain types of administrative problems created by the phase-in. Since
many of these factors may change monthly as data is collected, the effect is
allowed to depend on the month of data collection t“ =t + 1. It is assumed
that these phase-in related factors may affect each demographic category j
differently.
The constraint Ajit” = 0 for all t” means that continuing nondisrupted

areas will have no additional effect on the victimization rate. In particular,

it assumes that there is no effect associated with the change from the 1970 to
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the 1980 sampling frame in these areas. The effects of any changes in coverage
are assumed to be negligible. The reasonableness of this coverage assumption
should be investigated in separate studies. The constraint Ajlt' = 0 also
implies that the effects of the remaining area types in general will not
cancel in the calculation of the expectation of the weighted total number of
victimizations.

Recall lag-area type interaction: The inclusion of the interaction term
RAj1kt” allows for the difference between two recall lag effects to depend
on the type of area as well as on the demographic group and month of data
collection. For example, lag differences for incoming areas in the early
part® of the phase-in may be different than those of continuing nondisrupted

»

areas. The constraints imposed on the RAjjy¢” are consistent with those
imposed on the recall lag and area type effects.

Error term: The error terms e jgt1k represent all sources of variation
which are responsible for the deviation of the observed response from its
expected value. They are random variables having mean zero and some covariance
structure. They need not be uncorrelated and homoscedastic. A more detailed
discussion of the covariance structure is given in a later section.

The model (2) is relatively simple in that several first order and all
higher order interactions have not been included. These interactions were

assumed to be negligible. These or other factors could be added to the model

but care must be taken not to exceed the available number of observations.
3., Parameter Estimation

The parameters in the model (2) subject to the constraints (3) can be
estimated by the method of generalized least squares (GLS). Estimates of the
variances of the GLS estimators can also be obtained. There are several

possible levels of analysis; monthly, quarterly, yearly, and cumulative from
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the start of the phase-in to the present. At the monthly level, each month
of occurrence is analyzed separately. For analyses at the higher levels,
data from all months of occurrence in the period are analyzed at the same
time.

It is recommended that the analysis level be cumulative from the start
of the phase-in period. In fact, it may be helpful to include data collected
prior to the phase-in. Early in the phase-in this would provide estimates
of nonphase-in related effects based on a larger number of observations. It
would also allow for a comparison of changes in the TIS effect over a longer
time period. Since the models for different demographic groups do not have
any parameters in common, a combined analysis for several groups does not
have an advantage over separate analyses.

For purposes of analysis, the responses for the j-th demographic group

concerning occurrences in month t are collected into the column vector

Yt = DY, 31110 «ves Y, 56t10s ooes Y, j1t6ls soes Y j6t61s ovos

Y.j1t14s cees Y §6t145 ooes Y j1t64s +os Y jot6al”s

The entries of Yjt are grouped by area type k, recall lag 1 within area type,
and TIS level s within recall lag.

If data are collected in some month t“, then all six recall lags are
available since they all occur within each interview. However, in outgoing
and incoming areas (k=3,4) for a given month of occurrence t, data from all
lags may not be available. For example, if t = 8 (August, 1985), incoming
areas will contribute only data collected in January and February, 1986 (1=5,6)
and outgoing areas will contribute only data collected from September to
December, 1985 (1=1,2,3,4). Hence, the range of 1 values depends on k and t.

Similar statements can be made for the TIS subscript s for incoming areas.
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This means that for some values of t, not all entries of Yjt correspond to
available data. In such cases we shall reduce the length of Yjt accordingly
and include in the model (2) only those parameters which appear in the expecta-

tion of at least one available obervation.

Let Yj = [Y’jto, cees Y’jtl]’ represent the vector of observed responses
to be analyzed. For monthly level analyses tj = tg, for quarterly level
analyses t1 =tg + 2, etc. Let

E(Y;) =X

j) i
Cov(Y;) = ) j

represent the mean vector and covariance matrix of Yj, respectively, where

(4)

Xj = the design matrix for the model (2),

6; = the vector of parameters in the model (2).

Then the GLS estimators of Bj are those values of ej which minimize

S(85) = (Y5 - X5 05)° Lj (Y5 = Xj 85). (5)
The minimum value of (5) occurs when

A PR S S 6
% = (047 L X)Xy L e (6)
A
The covariance matrix of the GLS estimators ej is given by

A -1 -1
185) = (X357 Lj  Xj) (7)

Although equations (6) and (7) involve straightforward matrix manipula-
tions, they assume that the covariance matrix Zj is known, at least up to
a multiplicative constant. There are several alternatives for unknown Zj.
Briefly these are

(1) to replace Xj in (6) by a consistent estimator ?j which is inde-

A

pendent of 6j. Substitution in (7) yields an estimated covariance

"
matrix for ej.
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(2) to model zj as a function of 6, the mean vector, say
Ej = Zj(ej), and use iteratively reweighted least squares.
That is, replace }j by an identity matrix, obtain an initial
estimate ;j of 6 from (6), estimate Zj(ej) by fj(sj),
re-estimate 65 from (6) with fj in place of Ej, and iterate
until some convergence criterion is met.
(3) to model Zj as a function of some other factors and use the resulting
estimator in place of }j in (6).
The form of E(Yj) and Zj and the use of the alternative procedures for
unknown Xj are discussed in later sections. In any case, we can obtain parameter
estimates and estimated standard errors, and by appealing to large sample theory,

approximate tests of significance.
4. Expectations of Monthly Totals

In this section we investigate the expected value of the monthly total
number of victimizations. These calculations will provide additional insight
into the model and will show that these totals are not unbiased estimators of
the corresponding "true" total number of victimizations during the phase-in
period under the model (2). However, unbiased estimators of the "true"
totals can be obtained from the method of generalized least squares applied
to the model (2).

For a fixed month of occurrence t and demographic category j, the total

number of victimizations for a particular type of crime is given by

Ya.. oo=222Y-. k t4
j.t Ll jstl

where the ranges of summation ultimately depend on t and their order cannot

be interchanged in general (An example was given in the previous section.).
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The mean of Y j,t,, is given by

E(Y.j.t..) = ) % g E(Y,jst1k)

K
(2 2 1w.jstik) Cit + I 1 (I w_ jstik Tjskh)
k 1s k1 s

+ 300 L w.jstik Rj1) + 1 1L w jstik Ajkt-
1s k1s

+

X o~

(g IW.jst1k RAj1kt~) » (8)
S

where t“ =t + 1 is the month of data collection,
h = ¢1(t,1)
= [(t+1-1)/6] + 1 ,
. witkk [ * ] denoting the greatest integer function.
To simplify the general expression in equation (8), the following cases
need to be considered.
Case 1: 1 <t <6 (occurrences prior to July, 1985)
In this case no data are available from incoming areas and complete
data are available from the remaining types of areas.
Case 2: 6 <t < 12 (occurrences from July to November, 1985)
In this case partial data are available from incoming and outgoing
areas and complete data are available for both types of continuing
areas.
Case 3: 12 <t < 42 (occurrences from December, 1985 to the end of the
phase-in)
In this case no data are available from outgoing areas, partial data
are available from incoming areas, and complete data are available
from both types of continuing areas.
In the calculations which follow a dot in place of a subscript indicates a
summation over the entire range of the subscript. We shall allow an abuse

of this notation when we write the monthly total Y j5.¢,, .
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Casel: 1 <t <6

For each t the following combinations of subscripts correspond to
available data:

k=1, 2, 3,

1

1) seey 6’
s =1, ..., 6.

From (8) and the constraints (3), we have

E(Y,j.t..) = églw.j.t.k) Cjt +k§1 131 §§1W.3st1k Tjskh)
3 6 3 6
i *kzl lew.j.tlk Rj1) + kZZ ]le.j.tlk Ajk (t+1)
3 6
+k22 §21W.j.t1k RAj 1K (t+1))
3 3 6
= (E=lw.j.t.k)cjt + kZZ (¥=1w.j.t]k Aik (t+1)) (9)

The second term in equation (9) represents the effects of the continuing
disrupted areas and the outgoing areas on the expected total number of victimiza-
tions.

Case 2: 6 <t <12
For each t the following combinations of subscripts correspond to
available data:

k=1,2 ,1=1, ..., 6 ,5=1, ..., 6,

k=3 ,1 1, ..., 6,

1, esey 12"t ’ S

k=4 ,1=13-t, ..., 6 ,s =1 (h = 3).

From (8) and the constraints (3), we have
12-t 6

2
E(V,j.0.) = (Lwgea v L woiz s 1 wjie1a) Gyt
k=1 171 1=13-t
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(=,

+

) w.i1t14 Tj143]

3-t

il W
L d ar 1%2]

L (L w,jstik Tjskn) +
17 s=1 1=

12-t

2
LW i.013 Ry
1.1 9 J

+

6
(Lw.j.t1k Rj1) +
11-1 Y J

H o~

[

k

6 6
oo wata Rl + [ wjin2 Ajeqes
3. SN TITE T g ez Ajz(en)

12-t

6
v Aggen) * L wojiena Ajagen)]

-+

12-t

6
FLL Wz Ragraen) + L wege1s RAI3(en)

+
3 ON

W.j1t14 RAj14(t+1)]

1=13-t

6 4
= np Cjg + =§ W.jlt14 Tj143 + kz3(§§ W_jst1kRj1)

1=13-¢

4 4
+ ( - A ) + : RA ; ), 10
kZZ %2 W.istlk Ajk(t+1) kz3(§g W.ist1k RAj1Kk (t+1) (10)

2 12-t 6

where nj = kzl Witk * 121 W.j.t13 + 1=§3_t W.jlt14 .

The actual expressions for the additional terms on the right hand side
of (10) are not as important as are their existence. The importance of (10)
is that the expected total depends on the TIS effect for incoming areas, the
recall lag effect for outgoing and incoming areas, the area type effect for
all areas except continuing non-disrupted, and the recall lag-area type
interaction for outgoing and incoming areas. The presence of the TIS effect
is due to the disturbance of the rotation group pattern in incoming areas;

i.e., all sampled individuals are having their first interview for data

collection purposes. The presence of the recall lag effect is due to the
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cessation of data collection in outgoing areas and the beginning of data
collection in incoming areas. The survey related phase-in effects are repre-
sented by the area type term.
Case 3: 12 <t < 42

For each t the following combination of subscripts correspond to

available data:

k=1,2 ,1=1, ..., 6 ,s=1, ..., 6 ,
k =4 w1 =1, soa, 1* , 5 =1, .40y s*,
k = 4 s 1 =1%+1, (.., 6 ,s5=1, ..., s¥+1,
where
- s* = maximum value of s for 1 =1
=[t/61-1,
1* = number of 1 in the same six month period (h) as 1 =1

6 ([t/6]1+1)-¢t,

and we ignore the second set of subscript combinations for k = 4 when 1* = 6.

]

The need for two sets of subscript combinations for k = 4 arises from data
collection in two consecutive six month periods h which have different ranges
of TIS subscripts for incoming areas.

From (8) and the constraints (3), we have

2 iy Py
E(Y... E N ] ( w.. k + w.‘ 4 + w.. 4)C’
3t BT 0 ge I by g5y TISEAT
1* % 6 s*+l
+ Z W.jst14 Tjstah + L I W.jst14 Tjstan”]
1=1 s=1 1=1%+1 g=1
5 3
+ W, j(s*+1)t14 Rj1 + W,j.t12 Aj2(¢+1
qeqiay 3 ) J 1y e j2(t+1)
% 3 6 s*+]
+ W.ist14 Aja(t+1) * ) I w.jst14 Aja(t+1)]

1=1 s=1 1=1*+1 s=1
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S R ]
+ W ist14 RAj14(¢+1) t W jst14 RAj14(¢+1)) »
11 s=1 P T 5 5 T JTA(e+1)

(11)
where h” is used for emphasis to indicate a different h value than h in the
pervious summand.

As in Case 2, the actual expressions in (11) involving the TIS, recall lag,
area type, recall lag-area type interaction are not as important as is their

presence in the expression.
5. The Covariance Structure

. The discussion of GLS estimation in Section 3 did not deal explicitly with
the structure of the covariance matrix Xj of the response vector Yj. In this
section, one possible structure is described. A generalized variance function
approach similar to that currently employed in calculating estimated standard
errors of NCS estimates is taken. This approach will not lead to the exact
form of Xj; it will only yield approximations. The deviations of these
approximations from the exact forms should be investigated.

The demographic group j and type of crime are fixed throughout this section.

For notational convenience, write the covariance matrix of Yj in partitioned

form
th0 *
zj(t0+1)t0 T
1= . : . : (12)
L ZJtltO * . . thl(tl'l) ZJtl J
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where it Cov(Yjt)

thr = COV(YJ‘t, Yjr) for t #r .
We shall adopt the convention that only rows of Zj corresponding to available
data Y jst1k for month of occurrence t are included in Zj-

Nonzero covariance terms in Zj arise from two major sources of correla-
tion: the correlation between different individuals within the same sampled
area (PSU or part of a PSU) and the correlation arising from multiple contri-
butions from the same individual, either from more than one interview or from
information for more than one month of occurrence within a single interview.
The Tatter source applies only to analyses at levels higher than the monthly
level. The former source includes the effect of the same interviewer collecting
data from several individuals and the effect of the sampled area's characteristics;
e.g., individuals in a "higher risk" area tend to have above average numbers of
victimizations.

Although only one PSU is selected per stratum there will be instances in
which there may be more than one sampled area per stratum. For example, the
boundaries of a selected PSU may have been redefined in such a way that it
now consists of a continuing disrupted area (k=2) and an incoming area (k=4).
Since the number of such cases is relatively small, we shall assume that
their contribution to the covariance terms is negligible; i.e., assume that
Cov(Y jstlk » Y.js“r1°k~) = 0 for k # k“. This assumption, together with
with the ordering of the entries of each subvector Yj¢ of Yi means that

each block in expression (12) for Zj will be block diagonal; i.e.,
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(k)
Blk diag [ Jjt 5 k=1, ..., 4]

and
(k)
Litr = Blk diag [ Jjtp 5 k =1, oo, 41 , t #r.
The generalized variance function approach assumes that the variance of an
estimator X of a total has the form
T Var(X) = o (E[X])Z + 8 E[X], (13)
where a and B are unknown constants. The coefficients a and B are estimated
from a sef of statistics whose variances have the same general form. The
advantage of the generalized variance function approach is that it relates the
variance of the estimator to its mean. In terms of model (2), under this
approach the second method (iteratively reweighted least squares) in Section 4
can be used to obtain parameter estimates and estimated standard errors.
Applying (13), the variance of Y jst1x has the form
Var(Y jstks) = % (ELY jsen ) + B ELY joeqicd, (14)
where, from model (2),
ELY jst1kd = W jstik (Cjt + Tiskn * Rj1 + Ajkt~ +RAj1kt-) -
Hence, the covariance matrix Zj will be a function of all of the entries
of 8j. If we are willing to assume that the "true" victimization rate Cj

is "large" relative to the combined effects of the remaining factors, then

(14) reduces to
2 2

(g w jstik ) Cjt  + (Bk W jst1k) Cjt - (15)

n

Var(Y jst1k)
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Although this reduced form may have intuitive appeal, the estimation procedure
is not simplified by using (15) in place of (14) in Zj- Thus, the more
general form (14) is recommended.

The coefficients o and By in (14) are assumed to be dependent on
the area type k. This allows the variance function to be affected by the
phase-in. This may not be necessary and in fact, data limitations may make
it necessary to use the same coefficients throughout. This needs to be
investigated further.

Since each block in Zj is block diagonal only covariances of the form
Cov(Y jst1ks Y.js“r1°k) need to be considered. There are several
possibilities for these terms. Among them are:

(1) Assume that Cov(Y jst1ks Y.js*r1°k) = 0 for all's, s*, t, r, 1, 17,

(2) Develop models for these covariances in terms of the entries of ej.

To do this, define the relative covariance (correlation) for two
estimators X and Y as

Cov(X, Y)

Vyy = ———m .,

E[X] ELY]
As in the generalized variance function approach, for a set of pairs
of statistics whose covariances have similar forms, model the relative
covariance as a function of E[X] and E[Y], say

Y(ECX], ELY]),

114

Vxy
so that
Cov(X, Y) = ¥(E[X], EL[Y]) - E[X] E[Y]
is given in terms of the parameters which determine the means of
Xand Y,
Regardless of whether (1), (2), or some other approach is taken, the

nondiagonal entries of Zj need to be expressed as functions of 65 or as
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known constants. Then the method of iteratively reweighted least squares

can be applied to obtain parameter estimates and estimated standard errors.
6. A Numerical Example

In this section an analysis using the model (2) is presented for a set
of 1982 NCS data. The data consist of all reported crimes of violence (rape,
robbery, and assult) which occurred during 1982 for the entire population of
persons age 12 and older. Data was collected from February, 1982 through
June, 1983, The data was obtained from tapes prepared by Paul Wakim (SRD)
from the NCS incident files.

« Since the selected period does not coincide with any part of the phase-in
only continuing nondisrupted areas (k=1) appear in the sample. From the
constraints (3) for Ajxt” and RAj1x¢” and the convention of deleting parameters
which do not correspond to available data, there are no area type effects or
recall lag - area type interaction terms in the model. Thus, the model (2)

reduces to

Y.st1 = W.st1 Ct *W.st1 Tsh tWst1 Ry e sty (16)

where the subscripts j and k have been dropped for notational simplicity.
Let t=1 correspond to January, 1982 and h=1 correspond to the six month
period January - June, 1982.
From (16), the parameter vector © is the thirty-two entry vector
8 = [C1, «ves C12, T11s «ees T515 T12, «ess Ts2,
T13s eses T53, R1, «ees R5]7 .
The parameters Tg1, Tg2, T63, and Rg are not included since

5
Teph = - ) W.ot1 Tsh / W, 6t1 for all t, h,
s=1



23

5
Rg = - ]21 w_.t1 Ry / W, . t6 for all t.

The response vector Y contains the 432 observed weighted totals and the design
matrix X is given by

X

W* X*
where
W* = diag [W_ct1 3 5=1, «esy 6, 1=1, ..., 6, t=1, ..., 12] ,

X*

incidence matrix for 8.

For simplicity assume that

Y = Cov(Y)
- = diag [var(Y_st1)] »
where
var(Y op1)2 a (E[Y o102 + BE[Y ooq] for all s, t, 1
.St1/° .St .5t s by by

with a = - 0,0000125671 and B = 2355.0. The values of « and B are those used
in the 1982 NCS variance estimation formulas.

The method of iteratively reweighted least squares (c.f., Section 3) was
applied to the data and model (16). Calculations were carried out using a
combination of Minitab and Fortran programs. The analysis of variance table
is given in Table 1. Although the distributions of the F-statistics are only
approximate, the results are clear-cut. The monthly rates C{ are nonzero;
there is a highly significant recall lag effect; there is a significant time
in sample effect. The TIS effect is not as striking as the recall lag effect
which may be an order of magnitude larger. In fact, for the first six month
data collection period the TIS effect is not significant at the 10 percent

level.



Table 1.

Source of Variation

Monthly rate

Time in sample
Jan-June, 1982
July-Dec, 1982
Jan-June, 1983

Recall lag
Error
Total (Uncorrected)

24

Analysis of Variance Table for Violent Crimes Occurring in
1982 Based on the Model (16).

Sum of Squares df
2364,656 12
56.817 15

6.068

24,511

26,238

325,514

400,740 400
3147.727 432

Mean Sguare

3.787
1.214
4,902
5.248

65.103

1.002

F-ratio p-value
. <U.
3.78 <0.001
1.21 >0.10
4.89 <0.001
.24 <0.001
64,97 <0,0001

The estimated monthly rates and their estimated standard errors are given

in Table 2 and the corresponding information for quarterly and yearly rates

is listed in Table 3.

given in Section 2,

The estimates in Table 3 were obtained using the formulas

Since the actual weights w__¢_ can only be obtained from

the NCS complete victimization file, independent control counts were used in

place of the w__¢  in these expressions.

he used.

Table 2.

1982 Based on the Model (16).

In practice the actual weights would

The published yearly rate for 1982 is included for comparison purposes.

Monthly Violent Crime Rates for

Estimated Estimated
Month Rate Standard Error
1* 2.623%* 0.167**
2 2.573 0.162
3 2.702 0.172
4 2.815 0.179
5 2.890 0.174
6 3.046 0.187
7 3.372 0.195
8 3.217 0.189
9 2.827 0,177
10 2.796 0.179
11 2.752 0.172
12 2.772 0.169

* t=1 corresponds to January, 1982.
** Entries are given as rates per thousand.
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Table 3. Quarterly and Yearly Violent Crime Rates for 1982,

Estimated Estimated

Time Period Rate Standard Error
(a) Quarter

1 7.866% 0.294*

2 8.726 0.315

3 9.388 0.326

4 8.291 0.305
(b) Year
From model (16) 34,274 0.655
Published 34,3 0.6

*Entries are given as rates per thousand.

-

As expected, the published yearly rate and the estimated rate from the
model (16) do not differ significantly. However, such close agreement will
not necessarily occur during the phase-in since, in addition to area type
effects, the TIS and recall lag patterns will be disrupted.

Residual plots and other diagnostics in the analysis indicated several
candidates for outliers. The analysis was rerun with the observations corre-
sponding to the five largest positive standardized residuals and the only
large negative standardized residual deleted. The large negative residual
corresponded to the only observed weighted total equal to zero. Although
there were minor changes in various F-ratios and parameter estimates, no
significant changes occurred in the results. The yearly estimated rate is
33.822 victimizations per thousand with an estimated standard error of 0.616
victimizations per thousand.

The estimated time in sample and recall lag effects are given in Tables 4
and 5, respectively. For example, from Table 4 the estimated effect on the
rate attributed to individuals interviewed for the first time (excluding the

bounding interview) during the six month period from January to June, 1982
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is to increase the rate by approximately 0.4 victimizations per thousand.
This is not statistically significant (t = 1.47). In general, there are
no striking patterns in Table 4. The estimated recall lag effects in Table 5
are interpreted similarly. The pattern in Table 5 is as expected; viz.,
there is a tendency to overreport victimization levels in the immediate past

and to underreport for the distant past.



Table 4.

January-June, 1982

2

Estimated Time in Sample Effects for Violent Crimes
Occurring in 1982 Based on the Model (16).

July-December, 1982
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January-dJdune, 1983

Time in Estimated Estimated Estimated Estimated Estimated Estimated
Sample Effect Standard Error Effect Standard Error Effect Standard Error
1 0.399* 0.272* 0.424 0.165 0.273 0.193
2 0.571 0.275 -0.127 0.151 0.294 0.197
3 0.042 0.264 -0.209 0.147 0.013 0.186
4 -0,281 0.246 0.235 0.159 -0.072 0.187
5 -0.259 0.239 -0.434 0.140 -0.596 0.159
6 -0.472 0.228 0.111 0.156 0.088 0.187
*Entries are given as rates per thousand.
Table 5. Estimated Recall Lag Effect for Violent Crimes
Occurring in 1982 Based on the Model (16)
Recall Estimated Estimated
Lag Effect Standard Error
1 2.290* 0.148*
2 0.295 0.118
3 -0.100 0.114
4 -0.509 0.104
5 -0.836 0.098
6 -1.139 0.093

*Entries are given as rates per thousand.
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1. Introduction

The Current Population Survey (CPS) has been redesigned to reflect popula-
tion changes from the 1980 Census and to improve the efficiency of estimators
at the state level. The final report of the CPS/NCS phase-in work group
(Document No. 26, dated May 16, 1983) discusses several alternative phase-in
plans. A modified version of Plan L described in this report has been selected
for use. The most recent version of this plan, Plan R: is described in an
SMD Memorandum entitled "CPS Redesign: Change in Dummy Assignments in Phase-In
Plan R-" (ID# K-10, dated January 11, 1984). The major factors which may
affect CPS estimates are described in the CPS/NCS final report and in an SMD
Memorandum entitled "Plans to Measure the Effect of Phase-In on CPS Redesign"
(ID# K-13, dated January 17, 1984), The latter paper also describes one
approach to measuring the effects of these factors.

The purpose of this report is to provide an alternative approach to the
problem of measuring the phase-in effects. A linear model containing the
major factors of interest is proposed. In the context of the proposed model,
estimators of these effects, as well as the rates and levels measured by CPS,
and their standard errors can be obtained.

The selected phase-in plan (Plan R“) is characterized by a gradual
phase-in in continuing areas and, in contrast, an abrupt change in noncontinuing
areas. In continuing areas the 1980 sampling frame is used to select all rota-
tion groups introduced after March, 1984, The first 1980 based group is A48-5,
The phase-in ends in continuing areas after June, 1985. In outgoing areas the
last rotation group to be interviewed for the full set of eight months is A48-3.
Groups A48-4 through A49-3 are interviewed only for the first set of four months
and then replaced by groups selected from incoming areas. These incoming replace-

ment groups are interviewed for four consecutive months corresponding to the



interview times in the rotation pattern of the groups being replaced. Sampling
in outgoing areas ceases after May, 1985. Rotation groups introduced after
October, 1984 (beginning with A49-4) in incoming areas receive the full set

of eight interviews. The full set of month in sample times for incoming areas
is not available until November, 1985, at which point the phase-in is complete
in all areas.

The major factors which may affect CPS estimates can be broadly classified
as either phase-in related or nonphase-in related. Phase-in related effects are
those primarily due to the disruption caused by the redesign and should disappear
after phase-in completion in November, 1985, The model presented in this report
contgins one phase-in related effect, referred to as the type of area effect.
Nonphase-in related effects are those which existed prior to the redesign and
which will persist after completion of the phase-in. The nonphase-in related
effect included in the proposed model is referred to as the month in sample
effect.

As a phase-in related effect, the type of area effect is intended to
reflect changes in survey methodology and not in the population being sampled.
For redesign purposes, the term area is used to designate the unit of interest.
It can be either a PSU or part of a PSU in those instances where the stratum
and/or PSU definitions have changed with the introduction of the 1980 sampling
frame. The area type effect has four levels: continuing nondisrupted areas,
continuing disrupted areas, outgoing areas, and incoming areas. Examples of
continuing disrupted areas arise from PSUs whose boundaries have been changed
to include previously nonsampled areas or to drop previously sampled areas
and from continuing PSUs in which sample sizes are expected to increase or
decrease dramatically (c.f., SMD Memorandum ID# K-8, "CPS Phase-In: Change

in Sample Size for Continuing Areas"). Under this breakdown the area type



effect encompasses the effects of new interviewers and interviewers who will
be fired, the effects of certain types of administrative disruptions and
burdens, and the effect of any other systematic differences between areas
which fall into different categories.

The levels for the area type effect chosen in this report differ from
those considered in SMD Memorandum ID# K-13, where continuing areas are divided
according to their self-representing, nonself-representing classification. They
also differ from the phase-in regions used to specify weighting procedures as
described in an SMD Memorandum entitled "CPS Phase-In Specificatons for Assigning
Base Weights and SR/NSR Status" (ID# K-7, dated December 20, 1983). The selection
of 1§ve]s of the area type factor is discussed in more detail in the following
sectinn.

The nonphase-in related effect reflects characteristics associated with
the sampled population's reaction to the survey procedure. The month in
sample effect is well documented (e.g., B.A. Bailar (1975). The Effects of
Rotation Group Bias on Estimates from Panel Surveys. JASA, 70, 23-30) and

will not be discussed further.
2. Statement of the Unemployment Model and Assumptions

The model presented in this section describes the response for an entire
group of individuals rather than a single individual. The groups can be defined
by age, race, sex, and geographic variables or by a smaller set of collapsed
categories. The response to be modeled is given in terms of a weighted total

rather than a rate.



For each sampled individual, let

Yjjksmt = 0-1 unemployment response for the i-th sampled
individual in the j-th demographic group from
the k-th type of area who is interviewed for
the m-th time within the s-th four month period
for the individual's rotation group concerning
the individual's status in month t,

where the subscript ranges are

1. = 1, ee ey I ( = Ijksmt )

=1, .00y d
k=1, 2, 3, 4
s =1, 2
m=1, 2, 3, 4

and
Yijksmt =1 if the individual is unemployed,

=0 if the individual is employed or not in
in the civilian labor force (CLF).

The ordering of the area types k corresponds to that given in the Introduction.
As will be shown later, not all subscript combinations correspond to available
data.

Let wjjksmt be the weight associated with the i-th sampled individual.
The weighted total number of unemployed represented by the part of the sample
corresponding to an observable subscript combination (j,k,s,m,t) is given
by

Y .jksmt = Wijksmt Yijksmt  * (1)

[ s R

i=1

The 0-1 responses Yijksmt could be modeled directly using techniques
associated with binary response regression models; e.g., probit or logit
analysis. This approach will not be considered here. Instead, the weighted

total Y jxsmt defined in equation (1) will be used as the response variable

in the model.



For a fixed demographic category j, the response Y.jksmt can be modeled

as

Y.jksmt

where

C.jksmt

Rjt

Akt

Mjmt

ASjkst

€.jksmt

C.jksmt Rjt * C jksmt Ajkt *+ C.jksmt Sjst
+*C jksmt Mjmt * C.jksmt SMjsmt * C.jksmt ASjkst (2)

* Cjksmt AMjkmt * € jksmt o

the number of individuals in the j-th demographic
group in the CLF in month t represented by the
(kys,m)-th part of the sample,

true unemployment rate for the j-th demographic group
in month t.

effect on the rate due to interviewing individuals
from the j-th demograhpic group in areas of
type k concerning month t,

effect on the rate due to interviewing individuals from
the j-th demographic group in the s-th four month
period for that rotation group concerning month t,

effect on the rate due to interviewing individuals from
the j-th demographic group in the m-th month of a
four month period concerning month t,

effect on the rate due to the period-month within
period interaction,

effect on the rate due to the area type-month within
period interaction,

= the aggregate of all sampling errors.

The parameters in the model (2) are subject to the following constraints:

Ajit =0 for all t,
2

Xl C.j.S.t SjSt =0 for all t,
S=

4

r C5.mt Mjmg =0 for all t,

m=1



2
21 C.j.smt Mjsmt = 0 for all m, t,
S=
4
21 c.j.smt SMjsmt =0 for all s, t, (3)
m:
ASjist = 0 for all s, t,
2
Zl C.jks.t ASjkst = O for all k, t,
g=
AMjimt = O for all m, t,
4
21 C.jk.mt AMjkmt =0 for all k, t.
m=

As a reference point for the development of the model (2), let t = 1 corre-
spond to January, 1984, It should prove useful to include data collected
for an even more extensive period prior to the beginning of the phase-in.
This would enable us to study the behavior of the terms which represent the
month in sample effect before the phase-in and to compare the changes in
them during the phase-in with pre and post phase-in levels. The use of data
prior to January, 1984 would depend on its availability.

The three factor interaction between area type, period, and month within
period was not included in the model {2) so that the error variance could be
estimated and approximate tests of significance could be carried out.

The coefficients C jksmt in the model (2) are unknown so that (2) does
not represent a linear model. Moreover, the information in the responses
Y. .jksmt by themselves will not provide a means of estimating the C jxsmt
One solution to this problem would be to replace the C jxsmt by estimates
and develop estimation and inference procedures for the model (2) conditional

on their estimated values. A natural source of estimates of the C jksmt 1S



the CLF information collected from the same individuals in the CPS sample
used to estimate the parameters in the unemployment model (2). A discussion
of the estimation of these coefficients is given in Section 4, Difficulties
with this approach and some alternatives are described in Section 5.

Let g.jksmt denote the estimated value of C jxsmt . Then the model (2)

can be rewritten with the estimated coefficients as

~

Pa) ~
Y jksmt = C.jksmt Rjt + C.jksmt Ajkt * C.jksmt Sjst
”~~ Pa) A
* ¢ jksmt Mimt t Ciksmt SMjsmt * C.jksmt ASjkst  (27)

+ C jksmt AMjkmt + e jksmt -

The «onstraints (3) are modified similarly and will be referred to as
equation (3-).
A simple numerical example will serve to illustrate the interpretation of
the terms in the proposed model. For purposes of the example we shall ignore
the error term in the model (2°). Suppose we are interested in the number
of unemployed individuals from a particular demographic group j in month t.
Consider individuals interviewed in incoming areas (k=4) for the second month
(m=2) within their first set of four months in the survey (s=1). If
(i) the sampled individuals have weights which total 1000000
(€.ja12¢ = 1000000),

(i) the true unemployment rate for this group in the month of
interest is 9.2% (Rjt = 0,092),

(iii) the effect on the unemployment rate due to sampling from an
incoming area in month t is to reduce it by 0.3% (Aj4t = -0,003),

(iv) the effect on the rate due to sampling for the first four month
period for this group in month t is to increase it by 0.1%

(Sj1¢ = 0.001),



(v) the effect on the rate due to sampling for the second
consecutive month for this group in month t is to increase
the rate by 0.08% (Mth = 0.0008),

(vi) the effect on the rate due to the period-month within period
interaction for this group in month t is to increase it by
0.01% (SMj12¢ = 0.0001),

(vii) the effect on the rate due to the area type-period inter-
action for this group in month t is to decrease it by 0.04%
(ASja1¢ = -0.0004),

(viii) the effect on the rate due to the area type-month within
period interaction for this group in month t is to reduce
it by 0.02% (AMjap¢ = -0.0002),

then the reported number of unemployed is

Y .ja12¢ = (1000000)(0.092) + (1000000)(-0.003 + 0.001 + 0.0008
+ 0,0001 - 0.0004 - 0.0002) = 92000 - 1700 = 90300.
This reported value is approximately a 1.8% underestimate of the true level.
Having illustrated the interpretation of the terms in the model (2-),
we now briefly discuss the rationale for various model terms and the corre-
sponding constraints in (3°).
Unemployment rate: The estimates of the monthly unemployment rates

Rjt can be used for publicatinn. They can be thought of as having been

adjusted for time in sample and phase-in related effects. Furthermore,

annual averages can be obtained from the estimated Rjt which would provide

an alternative to that described in Technical Report 40 (pp. 64-65).

Since the estimates of the Rjt from the unemployment model (2-)
utilize data from all previous months, they are directly comparable to the

composite estimators currently in use for CPS regardliess of whether or not



we are in a phase-in period. A comparison of the estimators from the model
(2°) and the composite estimators will be the subject of future research.
Area type effect: The area type effect depends on the demographic group
Js type of area k, and month of interest t, where
k =1 if the area is continuing and nondisrupted,
k =2 if the area is continuing and disrupted,

k =3 if the area is outgoing,

]
+

k if the area is incoming.

Classification of the majority of the sampled area will be clear-cut. In a
few cases listing a sampled area as continuing nondisrupted (k=1) or as con-
tinang disrupted (k=2) can be somewhat arbitrary. Examples of how such cases
‘arise were given in the Introduction. These should be classified on a case

by case basis using prespecified guidelines.

The area type effect encompasses all factors which are phase-in related;
e.g., the effect of new interviewers in incoming areas and continuing dis-
rupted areas having large increases in sample size, the effect of terminated
interviewers in outgoing areas and continuing disrupted areas having large
decreases in sample sizes, and the effect of certain types of administrative
problems created by the phase-in. Since many of these factors may change
monthly the effect is allowed to depend on the month of interest t. They
may affect different demographic groups in different ways; thus the dependence
of j.

The constraint Aji¢ = 0 for all t means that the effect of the phase-in
on rates in continuing nondisrupted areas is negligible. In particular, it
assumes that there is no effect associated with the change from the 1970 to
the 1980 sampling frame in these areas. Any changes in coverage are assumed

to be negligible at the aggregate level found in the model (2°). The
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reasonableness of this coverage assumption should be investigated in separate
studies. The constraint Ajlt = 0 also implies that the effects of the remaining
area types in general will not cancel in the calculation of the'expectation

of the weighted total.

The phase-in regions found in SMD Memorandum ID# K-7 are defined in terms
of the frame used to select the sample. Since it has been assumed that the
frame effect is negligible compared to interviewer and administrative effects,
the use of phase-in regions instead of area types in defining the levels of
this factor does not appear to have any advantages. The weights in the model
(2) are assumed to have been calculated from the appropriate base weights
as dgscribed in the memorandum. The breakdown of continuing areas into the
types listed above enables us to assume that certain sampled areas are not
seriously affected by the phase-in. The classification of continuing areas
as selfrepresenting, nonselfrepresenting does not appear to be important for
the aggregate responses modeled in (2-).

Month in sample effect: The month in sample (MIS) effect is the non-
phase-in related factor in the model (2-). It is represented by the terms
Sjsts Mjmt» and SMjgpt . The use of two main effects and their interaction
rather than a single term more closely reflects the effect of the 4-8-4 sampling
pattern employed by CPS. The parameter Sjst represents the effect of sampling
the same individuals in two consecutive years while the Mjmt represents the
efffect of sampling the same individuals for four consecutive months each year.
An SMD Memorandum from Robert Tegels entitled "CPS Redesign: Estimates and
Bias Indices Calculated for the Rotation of Sample Redesign Project” (dated
January 9, 1984) gives indirect evidence that the MIS effect follows the same
general form in each four month period. The evidence is only indirect since

the bias indices generally used to measure the MIS effect do not correspond
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exactly to the MIS effect in model (2-), which is additive rather than
multiplicative. However, they are useful in indicating the nature of the
dependence on time in sample.

The period effect Sjst and the month within period effect Mjy are depen-
dent on the demographic group j and month of interest t but are assumed to be
independent of the area type k. Any differences in MIS effects for different
area types is accounted for by the area type-period and area type-month with-
in period interactions in the model (2-). The period-month within period
interaction SMjsmt allows for differences between months within a period to
differ for the two periods. For example, the difference between the first
and second months in the first four month period may be different, perhaps
larger, than the corresponding difference for the second period. Such
differences may, in part, reflect a “"carry over effect" from the first to
second period in the respondents' reaction to being recycled into the survey
after a rest period. If the interactions are large, the benefits of the
4-8-4 sampling pattern should be weighed against the disadvantages of a
sample composed of two dissimilar groups where the disparity is related
to the survey design.

The constraint § ?.j..mt Mjmt = O means that for each demographic group
j and month t, the mgnth within period effects can be thought of as deviations
from some average level; i.e., there is underreporting for some months within
the period and overreporting for others but they balance out over all months
within the period. A similar interpretation holds for g Q.j.s.t Sjst = 0.
The constraints on the interaction SMjgyt are consisteni with those imposed

on the period and month within period effects.
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An alternative approach to modeling the MIS effect would be to use the
month in sample m as a covariate and replace the model (2-) by an analysis
of covariance type model of the form

Y.jksmt = C.jksmt Rjt + C.jksmt Ajkt @)
+C jksmt djkst (M) * € jksmt
where ¢jkst (m) is some function of the month in sample m (m = 1, 2, 3, 4).
The data from Tegels' memorandum for average bias indices by month in sample
(Table 4 therein) indicates that a quadratic function

bikst (M) = ajjse (M=) + agjesy (m - W2 (5)

for each four month period provides a reasonable description of the relation-
ship.

However, the analysis of covariance model (4) with the quadratic covariate
function (5) suffers from two major drawbacks. First, the model requires a
quadratic function to be fit to four data points. If common coefficients were
used for several sets of (j,k,s,t), a lack of fit test for the quadratic func-
tion could not be followed by higher degree polynomial model fits if it were
deemed necessary.

The second, and perhaps more damaging drawback is that at crucial points
in the phase-in outgoing and incoming areas do not have a full set of four
values of m. For example, in November, 1984 all useable data from incoming
areas is collected from individuals being interviewed for the first time;

i .e., only data corresponding to s=1, m=1 is available. Without modifying
the model (4) to handle these cases, the parameters cannot be uniquely
estimated.

In light of these difficulties, the MIS effect will be modeled as in

(2-) and analysis of covariance type models will not be pursued further.
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In the analysis of variance for the model (2°) it is possible to decompose
the sums of squares associated with the month within period effect and the
period-month within period interaction into orthogonal contrasts representing
linear and quadratic trends. Significant contrasts would indicate the nature
of the dependence on month within period.

Area type-month in sample interactions: The area type-month in sample
interaction is represented in the model (27) by the terms ASjkst and AMjkpt
The three factor interaction ASMjksmt is assumed to be zero so that estimators
of the covariance structure of the responses can be obtained. The included
interaction terms allow the MIS effect to change from one area type to another
as w811 as from one demographic group j and month of interest t to another.
The constraints correspond to those imposed on the main effects.

There is an implicit assumption in all methods of measuring the MIS effect
that all rotation groups exhibit approximately the same behavior toward the
survey . Although the MIS factor refers to the effect of the repeated sampling
of the same individuals over time, the effects are calculated from the responses
of different individuals sampled at the same point in time but who have
differing numbers of previous interviews. Thus the necessity of the assump-
tion. At certain critical points in the phase-in (such as in the last month
of sampling in outgoing areas) this may not be a valid assumption across area
types. Violations should manifest themselves as large interactions for the
corresponding months t.

Error term: The error terms e jksmt represent all sources of variation
not included in the model (2°) which are responsible for the deviation
of the observed response from its expected value. They are random variables
having mean zero and some covariance structure. They need not be uncorrelated

and homoscedastic.
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3. Parameter Estimation

The parameters in the model (2-) subject to the constraints (3-)
can be estimated by the method of generalized least squares (GLS). Estimates
of the standard errors of the GLS estimators can also be obtained.

For purposes of analysis for a particular demographic group j, all data
from the first month of available data (t=1) up to and including the current
month (t=T) is utilized. The responses Y jksmt for month t are collected into
a column vector

Yit = [ Y.j111ts eoes Y.j124t » Y.j121ts «oes Y.5124ts «oes

Y. ja21es «een Y ja2at ]7-

The ;ntries of Yj¢ are grouped by area type k, period s within area type, and
month m within period. Let the entire vector of responses be denoted by

Yj = [ le’, coes YjT’ ]’ .
Since the models for different demographic groups j have no parameters in
common, there is no advantage to combining distinct demographic groups into
a single analysis.

For certain months t not all entries of Yjt will correspond to available
data. For example, for May, 1985 (t=17 if we use January, 1984 as a reference
point) in outgoing areas (k=3) the only available data is collected from indiv-
iduals being interviewed for the eighth time (s=2, m=4) and in incoming areas
(k=4) all individuals, including the outgoing area's rotation group replacements,
are being interviewed at some point in the first set of four months (s=1, m=1,
2, 3, 4). In such cases we shall reduce the length of Yjt and Yj accordingly
and include in the model (2”) only those parameters which appear in the
expectation of at least one available observation. For the May, 1985 example

this affects only ASj31,17, ASj42,17, and AMj3p 17, m =1, 2, 3.
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Let E(Yj) = X; 85 and Cov(Y;) = Zj represent the mean vector and
covariance matrix of the reduced Yj, respectively, where

Xj = the design matrix for the model (27),

65 = the reduced parameter vector for the model (27).

Then the GLS estimators of 6; are those values of 6; which minimize

. = . - . .y ._1 . - R .

$(65) = (Y5 - X; 85) ZJ (Y5 - X5 85) . (6)
The minimum of (6) occurs when

I ‘ -1 =1y v -1

o = Oy L3TRT X LT ()

A
The covariance matrix of the GLS estimators 83 is given by
2y = (x5, xoy-1
Theecalculations in equations (7) and (8) assume that Zj is known, at least
A

up to a multiplicative constant, or is replaced by a consistent estimator Ej-
Technical Report 40 (pp. 93-94) describes formulas involving the estimated
level E(Yj) = Xj 83 which provide approximate variance estimates for E(Yj).
Similar methods could be used to develop approximate estimates of the off-
diagonal entries of Zj in terms of the entries of the vector E(Yj). These
approximate estimates of Zj can then be used in an iteratively reweighted
Teast squares procedure to estimate 65 and 2(6}). That is, replace Zj
in (6) by an identity matrix and obtain an initial estimate Ej of 65 from
(7). Then calculate Ej = Zj(;j) and use it in equations (6)-(8) in
A
63).

A more detailed discussion of the iteratively reweighted least squares

7\
place of ]; to obtain 65 and I(

procedure and methods of determining approximate formulas for the entries of

Zj can be found in a companion report on the National Crime Survey (NCS)
redesign. The companion report also includes a discussion of several possible
covariance structures and the assumptions associated with each structure. Since

the discussions are virtually unchanged for CPS, they are not repeated here.
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Under the model (2°) and the constraints (3“) the observed weighted
monthly totals Y 5 .t = g g % c.jksmt Y.jksmt are biased estimators of the
corresponding true totals C j _t Rjt for months t during the phase-in period.
However, unbiased estimators of the rates Rji, as well as estimated standard
errors, can be obtained from the method of generalized least squares. In addi-
tion, it provides estimates and estimated standard errors of the MIS effects
and phase-in related effects represented in the area type factor. Verifica-
tion that Y j ¢ is a biased estimator is similar to that provided in the

companion NCS report and is not included here.
4. A Model for the Civilian Labor Force Level

The unemployment model (2) in Section 2 uses the CLF levels as weights.
Since the true levels are unknown, they are replaced by estimates obtained
from the survey, resulting in model (2°). The observed CLF levels could
be used as the estimated coefficients in the model (2°). However, these
observed levels are subject to both phase-in and nonphase-in related effects.
As an alternative, estimates of these coefficients can be obtained from GLS
applied to a linear model for CLF levels which is similar to the unemployment
model (2). There are two advantages to a linear model approach; viz., the
estimates of the coefficients have been adjusted for phase-in and nonphase-in
related effects and the remaining model parameters are of interest in themselves.

For each sampled individual, let

Zijksmt =1 if the individual is in the CLF,

0 if the individual is not in the CLF,

where the subscripts (i,j,k,s,m,t) have the same interpretation as in the
definition of Yjjkgmt. Let wjjksmt be the weight associated with the i-th

sampled individual.
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The weighted total number of individuals in the CLF represented by
the part of the sample corresponding to an observable subscript combination
(j,k,s,m,t) is given by
I
Z jksmt = 121 Wijksmt Zijksmt (9)

The weighted CLF totals Z jxsmt defined in (9) can be modeled as
L jksmt = W jksmt Pjt + W jksmt Ajkt * W.jksmt Sjst * W.jksmt Mjmt
* W jksmt SMjsmt * W.jksmt ASjkst (10)
* W jksmt AMjkmt * €.jksmt >

where

I
W jksmt = ,21 Wijksmt  »
i=

true proportion of the j-th demographic group in the
noninstitutionalized civilian population which belongs
to the CLF in month t (C jksmt = W.jksmt Pjt) >

Pt

and the terms Ajkt, Sjsts Mjmts SMjsmts ASjksts AMjkmt» and e jksmt have the
same interpretation as they did in the model (3). The Pjt are sometimes
referred to as participation rates.

The use of the area type and MIS factors notation in the model (10)
actually constitutes an abuse of notation. For example, the area type effect
in the model (10) represents the effect of the same phase-in related factors
as the Ajkt in the model (2) but for a different response variable. Thus,
the numerical estimates in the two models will generally differ. Since this
duplicate notation should not cause any confusion, we shall continue to use
it in both models.

Thelconstraints on the parameters in the model (10) are the same as those
given for the model (2) in equation (3) with the model weights C jksmt replaced

by the survey weights w jiqmt .
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Parameter estimation and inference in the model (10) proceeds in a
straightforward fashion using the method of GLS as described in Section 3.
The same type of covariance structure should be used for both models. GLS
estimates of the Pjt, say‘;}t, are used to calculate the estimated levels
~ A

C.jksmt = W.jksmt Pjt required in the model (2-). Estimated standard

errors of the'ﬁ.jksmt can also be obtained.
5. Problems and Alternatives

The weights‘z.jksmt in the unemployment model (2°) are estimated from
the survey since the corresponding weights are unknown. A1l estimation and
inference in the model (2“) as described in Section 3 is conditional on the
observed values. The use of estimated levels as weights is a potential source
of difficulty. The possible difficulties are related to the fact that

(1) the weights??.j1smt are random variables and hence, are subject to

variation. That is, the weights used in the model (2-) are
generally not equal to corresponding true CLF levels,

(2) the weights E:jksmt are probably correlated with the response

Y jksmt since they are functions of Z jxgmt which are measured on
the same individuals as the Y jygmt. That is, the terms in the
expression for the mean response are correlated with the response
and hence, with the error term.

For these reasons, the use of the estimated levels and their effect on
the estimates of the parameters in the model {(2-) should be investigated
further.

As an alternative to modeling the observed totals, the observed unemploy-

ment rate could be modeled. Let

Y .
Jksmt
P.jksmt = ——— (11)
Z.j...t
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and

Pujeact = E g % P.jksmt > (12)

where Z 5, .t = E g % Z jksmt is the observed total CLF for the j-th demo-
graphic group in month t. The proportion Pojaest in (12) is the observed
unemployment rate and p jksmt in (11) is the contribution to the rate from
the part of the sample defined by the subscript triple (k,s,m). The
P.jkmst can be used in forming the response variable in a model similar to
the model (3). They are preferable to Y jysmt / Z jksmts the proportion of
the j-th demographic group represented by the (k,s,m)-th part of the sample
who are unemployed in month t. These latter proportions have the disadvantage
tha{’they do not sum to the overall proportion p j,, .t

Let T(p jksmt) be a transformation of P.jksmt+ The transformed proportion
can be modeled as

T(p.jksmt) = Rjt + Ajkt + Sjst + M jmt + SMjsmt + ASjkst (13)

* AMjkmt * e jksmt >

where the terms in (13) have the same interpretation as in the model (2-).
Three transformations are considered; others are possible.

(1) The identity transformation: T(p.jksmt) = P.jksmt

Under the identity transformation, (13) becomes an additive model

in the observed proportions. Two difficulties occur; the estimated unemploy-
ment rateﬁ;jt and the predicted proportionsi;.jksmt need not be between
zero and one. For these reasons, use of the identity transformation is not
advised.

(2) The logarithmic transformation: T(p jksmt) = In(p jksmt)-

The logarithmic transformation is often used because it is thought

of as converting a multiplicative model for the P.jksmt into an additive model
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for the ‘"(P.jksmt)- There are several difficulties associated with this
*
transformation. First, if Rj; is the unemployment rate and Rjy in the model
*

*
(13) is the transformed rate, then Rjy = exp(Rj¢) and the estimate of Rj¢
is guaranteed to be positive but will not necessarily be less than one. Thus,
it is possible (but highly unlikely) that the estimated unemployment rate will

Ak A
be greater than 100 percent. Second, the estimated rates Rji = exp(Rj¢) are

biased estimators even though the ﬁ}t are unbiased estimators of the trans-
formed rated.

The remaining difficulty is one associated with any transformation. The
transformation may create interactions which do not exist in the original

scake or may eliminate interactions which exist in the original scale (c.f.,

H. Scheffe, The Analysis of Variance, Chapter 10). The effect of interactions

on the original scale is of direct interest in understanding the overall
effect of the phase-in on the estimates produced by CPS as well as in under-
standing the time in sample effect.

(3) The logit transformation: T(p jksmt) = 1n[P.jksmt / (1 = P jksmt)]-

The logit transformation has the advantage that the estimated
unemployment rate will be between zero and one. However, it possesses the
remaining drawbacks mentioned for the logarithmic transformation and, in
addition, it does not have the intuitively appealing feature of converting
a muitiplicative model into an additive one.

If the model (13) is fit using GLS for either a logarithmic or logit
transformation, then any observed P.jksmt which are zero and, for the logit
transformation any observed p jksmt which are one, make the response T(p .jksmt)
undefined and must be handled separately. Although p jksmt = 1 is highly
unlikely, p jksmt = O can reasonably be expected to occur. The use of "working

T's" (c.f., Finney, Statistical Methods in Biological Assay) provides one




solution to the probiem. A more difficuit, but much less 1ikely probiem
arises if Z jksmt = 0. In such cases Y jxgmt is also zero and p jksmt
is undefined. A method of dealing with this problem must be specified.
In contrast, models (2°) and (10) are not generally affected by zero
responses; in particular, a zero response in (10) will not produce a

corresponding estimated value of zero for??Jksmt.
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1. Introduction

The Current Population Survey (CPS) was redesigned to
reflect population changes from the 1980 Census and to improve
the efficiency of the estimators at the state level. The phase-
in of the new design took place from March 1984 to November
1985. A brief description of the phase-in plan and related
references is given in Gbur (1984). The report also describes an
alternative approach to the problem of measuring the phase-in
effects on CPS unemployment statistics. The approach is based on
a linear model for the weighted total number of unemployed in a
demggraphic group as a function of phase-in and nonphase-in
related effects.

Since Gbur (1984) was written, data collected as a part of
SMD's monitoring of the phase-in has been obtained from Sid
Schwartz and Debbie Fenstermaker (SMD). By slightly modifying
the definitions of the levels of the area type effect in the
model, SMD's data could be used in conjunction with the proposed
model if additional assumptions were made or if a cross-sectional
rather than longitudinal analysis were carried out. A
longitudinal analysis along the lines orginally described in Gbur
(1984) would have been preferred. However, it was not possible
to obtain an estimate of the correlation structure of the
response variables during the phase-in period since only
aggregate level data was available.

The purpose of this report is to describe the modifications
to the 1inear model approach and to present the results of a
cross-sectional analysis.

2. A Model for Unemployment

The model developed in Gbur (1984) contains, in addition to
a parameter representing the true unemployment rate, an effect
due to the rotation sampling pattern and an effect due to the



redesign phase-in. The latter was referred to as the area type
effect and had four levels: continuing nondisrupted, continuing
disrupted, incoming, and outgoing. To accommodate the use of
SMD's data in the analysis summarized in Section 3, the two
continuing type area categories were collapsed into a single
category labeled as continuing area. The 4-8-4 rotation pattern
in CPS was modeled by two factors; a two level factor
representing the "year" or set of four months in sample and a
four level factor representing the position of the month within
the set of four months. The interaction of these two factors and
an area type - set of months and area type - position of month
within set interactions rounded out the terms in the model.

Since the response variable was the weighted number of
unemployed and the parameters representing the various effects
were given as rates (to avoid significant results due solely to
differences in the sizes of the groups represented by particular
parameters), each term in the model was expressed as a product
of the appropriate rate parameter and a count of the individuals
in the <civilian labor force (CLF) represented by the
corresponding part of the population. These latter coefficients
were unknown and needed to be estimated. The CLF model used to
obtain the coefficients was similar to the unemployment model
and would have to be fitted to data from the same sample as the
unemployment model would. Thus, the proposed approach involved
two stages of model fitting on the same data, the second
depending on predicted values from the first. The unanswered
theoretical questions involved in this two stage approach has led
us to consider models for the transformed proportion
(probability) of unemployed. The particular transformation
chosen was the logit transformation.

For a fixed demographic group and month t, let

Pijk = proportion of the demographic group in the th
population repEﬁsented by the samp]ghfrom the k
area type, Jj month within the i four month
period who are unemployed in month t,



for the subscript ranges

1,2

=1,2,3,4
1,2,3 (continuing, outgoing, incoming).

As illustrated in Gbur (1984), for a given month t, not all

subscript combinations (i,j,k) correspond to available data. The

logit of pijk is defined as the natural logarithm of the odds

ratio; i.e.,

U.: - = ]n( ) . (1)
ijk 1Jk
A brief description motivating the modeling of logits as a
function of a set of independent variables is given in Appendix
1.

The logit model corresponding to the model for the
unemployment level in Gbur (1984, Section 2) is given by

R+ S. + M.+ SM.. + A

Mijk" it My SMyy o+ A+ SAy

C t MAjk s (2)
where
R = mean of the logits for all (i,j) combinations from

area type 1 (continuing areas),

Ak = effect on the logit due to sampling individuals from
from area type k,

S5 = effect, on the logit due to sampling individuals from
the ith four month period in the rotation pattern,

M. = effethon the logit due to sampling individuals for
the j month within a four month period in the
rotation pattern,

SMij = effect on the logit due to the period - month within
period interaction,

SAk effect on the logit due to the area type - period

interaction,



MAjk = effect on the logit due to the area type - month
within period interaction.

As before, the parameters in the model (2) are subject to the
following contraints:

4
Al =0 Iy Sl+ Sz= 0 s .Z Mj= 0 s
J=1
. 4 3
SM1j+ SM2j= 0 for all j , jZISM1j= 0 for all i, (3)
SA11= 0 for all i , SA1k+ SA2k= 0 for all k>1 ,
- ' 4
MAJ.1 =0 for all j , jZIMAJ.k= 0 for all k>1 .

Except for the change in the levels of the area type factor
discussed above, comments concerning each term in the model (2)
and the constraints (3) are essentially unchanged from those
found in Gbur (1984) when references to "rates" are changed to
“logits". Expressions and interpretations for each of the
effects in the model in terms of the logits Mijk are given in
Appendix 2.

If we assume independent binomial sampling in each cell, the
logit model (2) or any hierarchical submodel can be fitted using
maximum likelihood techniques. The statistical packages BMDP and
SPSS both allow for parameter estimation in the model subject to
the constraints (3). By fitting a sequence of nested models each
term in (2) can be tested for significance using likelihood ratio
statistics which are asymptotically distributed as chi-square
random variables.

However, the estimated proportions used to calculate the
observed logits in our model are based on weighted totals
obtained from survey weights derived from the complex sample
design and other adjustments. It has been shown (cf., Kumar and



Rao, 1984) that under these conditions, likelihood ratio tests
based on standard methods for binominal sampling have inflated
significance levels. Hence, corrective action must be taken to
ensure a valid analysis.

Asymptotically valid methods have been developed using Wald
type statistics (e.g., Koch et al, 1975). Such methods require
individual data records or an estimate of the entire convariance
matrix of the estimated cell proportions. In our application,
neither of these were available for the entire phase-in period;
only weighted cell totals suitable for secondary analysis were
available., For such situations approximations to the asymptotic
distributions of the likelihood ratio statistics have been
proposed (e.g., Binder et al., 1984). The exact form of the
approximation varies with the model and the necessary theory has
been developed for many of the common models. For log-linear
models which admit a direct solution of the likelihood equations
under multinomial sampling, only knowledge of the individual cell
design effects is used. Unfortunately, logit models are not
generally in this class. Recently, Rao and Scott (1987) have
obtained simple upper bounds on the approximation for logit
models in terms of the cell design effects and certain
generalized design effects which do not depend on any
hypothesis. An outline of the necessary adjustments is given in
Appendix 3.

3. A Cross-Sectional Logit Analysis

An initial cross-sectional analysis was carried out using
the modified SMD data. Logit models of the form (2) were fit to
each month's data for total unemployment. At this point it
became apparent that for some months prior to the redesign and in
the early stages of the redesign where the effect would
presumably be minimal, there were differences in the proportion
unemployed due to the area type (continuing versus outgoing).
Further investigation revealed that, in fact, there are inherent
differences between continuing and outgoing areas. The latter



tend to be rural or small metropolitan areas whereas the former
are generally the more populated metropolitan areas. Thus, the
effect of the redesign and the inherent differences between
continuing and noncontinuing areas are confounded in the area
type factor in the model.

Despite this confounding it may still be possible to obtain
some information about the effect of the redesign. Suppose that
a pattern can be found for the difference between the effect of
the continuing and noncontinuing areas on the proportion
unemployed in the months prior to the redesign and during its
initial phase. Then these differences could be used as a
baseline for comparison of the area type effects during the
remainder of the redesign. If we assume that the effect of the
inherent differences between the two area types is approximately
constant over a period extending from immediately before the
redesign until after its completion, then any deviation from the
baseline pattern would be attributed to the effect of the
redesign. This approach was investigated using the data from
January through October, 1984 to establish the baseline.

For each of the ten months a sequence of nested logit models
was fit to the data for total unemployed using the SPSS-X
procedure LOGLINEAR. Selected portions of the output were saved
and used as input into a FORTRAN program which computed a complex
sample design correction to the x2 goodness of fit and test of
a significant effect statistics. A diagonal covariance matrix
was used in the correction factor calculation with variances
obtained from a generalized variance function having the same
coefficients as were used for the published CPS data during this
period. The assumption of uncorrelated estimates within each
month is reasonable since the rotation groups represent (at least

approximately) independent subsamples of the CPS sample.

The p-values for the adjusted XZ tests are given in Table

1. A large p-value indicates that the effect of the
corresponding factor on the logit of the proportion unemployed is
not significantly different from zero. Since the existence of a



rotation group bias has been firmly established on the proportion
scale and the logit transformation will not eliminate this
effect, it has been partially forced into the model by
automatically including the term Mj in the model for each

month. Assuming the hierarchy principle (if an interaction has
been included in a model, then all lower order terms involving
the factors in the interaction must also be incuded), the

resulting logit models are given in Table 2,

Table 1. p-values for the Corrected x2 Tests for Siginificant
Effects in the Logit Model (2) for Total Unemployed

Month (1984)
Effect Jan. Feb, Mar. Apr. May June July Aug. Sep. Oct.

S x A 0.58 0.05 0.07 0.02 * 0.31 0.83 0.79 * 0.83
M x A 0.95 0.94 0.68 0.67 0.32 0.94 0.77 0.85 0.43 0.20
A 0.04 * 0.01 * 0.02 0.16 0.54 0.59 0.95 0.41
S x M 0.05 0.52 0.08 0.17 0.17 0.70 0.78 0.30 0.61 0.09
S 0.43 0.47 0.76 0.95 0.70 0.58 0.57 0.75 0.21 0.17
*

p-value is less than 0.005.

From Tables 1 and 2 it is clear that a number of different
models are appropriate, depending on the month in the baseline
period. Moreover, the area type effect is not significant in
every month and the form of the rotation sampling effect varies
over time. These results are not totally unexpected. In past
studies of the rotation group bias in CPS (e.g., Bailar (1975)
and Bailar (1979)), estimates of the bias indices have been based
on averages over a number of months of data. 1In addition,
Bailar's (1979) numerical work suggests that the bias may be a
function of time. Given this evidence and the results in Tables
1 and 2, a cross-sectional approach to providing a baseline for
area type comparisons did not produce the desired results.



Table 2. Fitted Logit Models for Total Unemployed

Month (1984) Model
January ;ijk = ﬁ + §1 + ﬁj + §M13 + Rk
February ;ijk = ﬁ + §i + ﬁj + Kk + gAik
March ;ijk = ﬁ + gi + ﬁj + gMij + Ak + gAik
April ;ijk = ﬁ + §i + ﬁj + Rk + gAik
May ;ijk = ﬁ + §1 + ﬁj + Ak + §Aik
June ;ijk = ﬁ + ﬁj
July ;ijk = ﬁ + ﬁj
August ;ijk = ﬁ + ﬁj

® September aijk = ﬁ + ﬁj
October ;ijk = ﬁ + §1 + ﬁj + gM’ij

4, Comments and Conclusions

The cross-sectional analysis described in the previous
section avoided the need for an estimate of the correlation
structure required for a longitudinal analysis. However, it
failed to provide even the baseline estimates necessary to
unravel the confounding of the redesign effect and the effect of
the inherent differences between continuing and noncontinuing
areas. The next logical step is the construction and fitting of
a longitudinal model for the logit of the proportion unemployed.

Two major obstacles to a longitudinal approach are the need
for an estimate of the correlation structure at the detailed
level specified in the model and the need to account for
(potential) trend and seasonal effects. Successful resolution of
the latter may also remove any time dependency in the rotation
group effects and allow for a stable baseline pattern for the
area type effect. Huang and Ernst (1981) contains estimates of



the correlation structure at the rotation group level for CPS.
However, to make use of these estimates we would have to assume
that (i) the correlation structure is unchanged over time, (ii)
it is approximately the same at the more detailed level of the
model, and (iii) it is not affected by the redesign. Despite
these problems, a longitudinal approach should be attempted.
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Appendix 1

The development of logit models in this appendix follows
Agresti (1984, Chapter 6). Let y be a binary random variable
taking on values 0 and 1 with probability 1-p and p,
respectively. Then

ELy]l = P(y=1)

P .

Suppose that p is a function of a vector of explanatory variables
X. =A linear relationship of the form

is generally considered inappropriate since predicted values of p
can be outside the interval [0,1] unless the ranges of the X; are
restricted., Curvilinear relationships between p and x are

usually considered more appropriate.

For a single explanatory variable (I = 1) a sigmoidal curve
is a natural shape for monotone relationships between p and x.
One of many functions which has this general shape is the
logistic function

Bat B.X
e 0 1

1 + eBO+81

p(x) m

(A1)

-1
[1+ e (Bp* 81%)g .

Under the logistic assumption, the odds ratio for the response y
= 1 to the response y = 0 is

Bo + 81X

p(x) /7 (1 - p(x)) = e (A2)
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so that the logarithm of the odds ratio, or logit, is given by

(A3)

togit(p(x)) = In(7RE)s)

80+ 81X ’

where 1n represents the natural logarithm.

In the simple logit model (A3), if 31 is positive, then the
logit of p(x) is an increasing function of x. Equivalently, the
odds ratio increases multiplicatively by exp(sl) for every
unit increase in x. On the original probability scale ,

BO+ le

1 + e
+ le . p(X) ’

-8 B
1, e 0

p(x+1) =
e

where the multiplier on the right hand side is greater than one

since B.> 0 implies exp(-sl) < 1 . Hence, on the probability

1
scale a unit increase in x leads to an increase in p(x) which

depends nonlinearly on the value of x itself.

The independent variables in the logit model can be either
continuous or discrete. Letting the x's be 0-1 indicator
variables yields the ana]xsis of variance-like model which is
used in this report.

The preceding development can be generalized to the case
where y is expressed in terms of sampling weights and adjustment
factors. In this case, p(x) is thought of as the proportion of
individuals in the population with the characteristic of interest
and the specified set of x values. It is this extension which is
utilized in this report.

Appendix 2

In this appendix we develop expressions for each term in the
logit model (2) subject to the constraints (3) given in Section 2

as a function of the logits My We begin by observing that for

jk L
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k=1 (continuing areas)

Mij1 = R + Si+ Mj+ SMij i=1,2, j=1,2,3,4 (A4)
and for k = 2, 3 (outgoing and incoming areas, respectively) ,
ik = R + Si + Mj + SMij + Ak+ SAik + MAjk (x5)
_ A5
= "ijl + Ak + SAik + MAjk s

for appropriate (i,j) .

The simplest expressions in terms of the "ijk occur in the
first stage of the phase-in from April through October 1984.
Durjng this period, the new frame was introduced in continuing
areas, all outgoing areas were sampled, and no data for
estimation purposes was collected from incoming areas (k=3). In

this case, from (A4) and the constraints (3) we obtain
R = 47 7 - (A6)
8 & i I3 LS B

where a dot as a subscript indicates on average over that
subscript. Substituting for R from (A6), fixing one subscript
and summing over the other in (A4) yields

Sj T Myl T M. e (A7)

My = w51 - v, .q (A8)
Substituting (A6) - (A8) into (A4) yields

S R P R NP PR NP (A9)

The expressions in (A6) - (A9) correspond to the usual
analysis of variance type formulas for the parameters in a two
factor model with interaction if the third subscript is
ignored. Thus, for example, R is the overall mean of the logits
for continuing areas and Si is the deviation of the mean over the
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months within the ith period from the continuing areas from the
overall mean of the logits for the continuing areas.

Summing (A5) over i and j and solving for A2 gives

A, =

2 (A10)

u..z -u..l ¢

Again from (A5) we have

= 2R + 2M. + 2A_+ 2MA. s
j2

;“ijz j 2

which, upon substituting, rearranging, and simplifying, yields

o My s Ly - ) - by e )
(“.jz - “.jl) - mw ) (A11)
=l g mwy) - Ay

Similarly,

Shig = (wy - 2) - (uy g - w q)

(A12)

(wy o =wj1) - A -

From (A10), the outgoing area type effect A2 is the

difference between the means of the logits for outgoing and
continuing areas. Hence, it measures the effect of the outgoing
areas relative to those which are retained in the sample. The
month within period - area type interaction in (All) can be
interpreted in two ways. First, it is the difference in the
deviations of the mean logits for the jth month within period
from the overall mean from the outgoing and continuing areas.
Alternatively, it is the difference in mean logits for

the jth month within period for the two area types, adjusted for

the area type effect A The period - area type interaction

2 .
SAi2 can be interpreted analogously.
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Finally, substituting (A6) - (A8) and (Al0) - (Al12) into
(A5) and solving for SMij yields

(A13)

which is of the same form as (A9) except that it is based on the
logits for the outgoing areas rather than the continuing areas.
This result is as expected since the lack of a three way period -
month within period - area type interaction in the model means
that the two way interaction between period and month within
period is the same for all area types. From a different
perspective, if a three way interaction SMAijk and the
corresponding constraints were included in the model, then it can
be shown that

SMA 5o = Quggp =y 0 = g2 Y v ) = Onyyp - g

j1 + U..l) ’ (A14)

- u
which is the difference between (A13) and (A9). In a similar
manner, alternative expressions for SA1.2 and MAJ.2 can be shown to
be equivalent by rearranging the terms on th right hand side of

(A14).

For the remaining months of the phase-in there are
missing (i,j) cell combinations for both outgoing and incoming
areas (k=2,3). As a result, the sums in (A10) - (Al2) are
generally not taken over the full range and the corresponding
expressions, although conceptually the same, do not simplify to
those given above.

Appendix 3

In this appendix the likelihood ratio statistics are
developed for both the goodness of fit and significance of an
effect hypotheses in the logit model. The general approach used
to modify the likelihood ratio statistics to account for the
complex sample design is outlined and then applied to the logit
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15

To establish notation, assume that there are I cells in the

model and let a plus sign as a subscript indicate a sum over that

subscript.

Let

Let

population size of cell i (unweighted),
XNi = population size,
i

number in cell i with the characteristic of interest,

ENil = number in the population in the characteristic
i of interest,

sample size for cell i (unweighted),

overall sample size,

= et~
b ]
.
n

-
foun

= population proportion in cell i with the
characteristic,

=z
-te

sample number in cell i with the characteristic
(unweighted),

y.
‘Fl- = sample proportion estimate of L (unweighted),
i
N1'1 .
— = weighted sample proportion estimate of .
N, (survey estimates of L )s
N, N,
—— = weighted sample proportion estimates of Nl .
N +
+
f.(8)

e Xif/ (1 + &Xify i=1,000,1
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so that
b

i
l-ﬂi )

X;B s

logit(ui) In(

where x; is the ith row of the model design matrix X and g8 is the
K dimensional parameter vector. In matrix form the model is

given by

lTogit(n) (Al15)
X8 .

=
n

If we assume independent binomial sampling in each cell,

then the 1ikelihood function is

I n, Y. n,- y.
- i iy i i
L(B) =1 (y) wy (1emy)

and the log-likelihood is

InL(B)

c + g [yi 1n(ni) + (ni- yi) 1n(1-ni)]

c + Z ni[qi ]n("i) + (l-qi) ln(l-ni)] (Al6)
i

or in terms of g ,

X.8
1
TnL(8) = ¢ + J n.[q; In(—=—1—) + (1-q;) In(——)]
i 1+e%i® ! 1+e X8
X.B
=c + ) "i[qi x;8 = In(1+e7i7)] . (A17)
i

Differentiation with respect to Bj yields

I X.B
alnlL(g e i
)y h e - () x 3
285 i=1 7 T 4eXi® 1
= 12 n_iX_ij( qi - 1[1.) 'Y J=1,...K .

Setting the partial derivatives equal to zero and writing the
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resulting system of likelihood equations in matrix form yields
X‘y - X“(n%) = 0 , (A18)

where (n;) = [nl;l,...,nI;I]'. Solution of the likelihood
equations (Al8) leads to the fitted model

-~

» = logit(n) = X8 .

To test the significance of a particular effect in the model
(A15), for convenience rearrange the order of the entries in 8
(and the corresponding columns of X) so that the parameters
associated with the effect being tested are the last entries in
the vector g. Then let g = [81’82'] and partition X = [X1X2]
correspondingly. The model (Al5) becomes

T XIB1 + XZBZ . (A19)
The likelihood ratio test statistic for HO: 32 = 0 versus
H1: By # 0 1is given by
62(2]1) = 2 In[L(8)/L(8)]
n. A
1 "~ A
= 2n+§(ﬁ:) {a; Inlny/n;] (A20)

+ (1-q5) Wnl(1-n)/(1-7) T3,

A

where E and § are the maximum likelihood estimators obtained from
(A18) under Hy and Hy, respectively.

In general, when q; and n;j/n, are not available, they will
be replaced by the survey estimates Bi and &i’ respectively.
This assumes that the unweighted proportion in cell i with the
characteristic is approximately the same as the weighted estimate
and that the distribution of sample units over the cells is
approximately the same as the distribution of final person

weights over the cells, Making these substitutions in (A20)
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yields

62(2]1) T 2n, YW, (pyInLn /7. ] (A21)
1

+ (1‘p.i) ]n[(l"“i)/(l'“i)]} .
Under the hierarchy assumption, expression (A21) for G2 is
equivalent to

Y

62(211) T 2n Jw.(x, Molwi/n, 1 + (l-n;) Inl(1-73)/(1-7;)11 ,
1 .

which is the more familar form of the likelihood ratio statistic.

For the goodness of fit likelihood ratio test we have Bi in
p]age of ;i and, denoting the maximum likelihood estimates under

-

Ho: "model fits" by ;i’ ;1 in place of ;i’ the statistic is

62

n

20, T 0y 1000y /xy ]+ (1-pg)InL(1-p)/ (13,01} - (A22)

Under independent binomial sampling and the appropriate null
hypothesis, both of the likelihood ratio statistics (A21) and
(A22) are asymptotically chi-square with the appropriate degrees
of freedom. However, for general sample designs, the likelihood
ratio statistics are asymptotically distributed as § GiUi’ where
the U; are independent le and the 61 are the eigenvalues of
certain "design effect" matrices. The basic approach for
obtaining these matrices and the resulting modification of the
statistics is sketched below.

The usual goodness of fit statistic, Wald type statistics,
and the likelihood ratio statistic for testing both the goodness
of fit and significance of an effect hypotheses have been shown
to be asymptotically equivalent., Hence, any of them can be used
to derive their common asymptotic distribution. The most
convenient is usually a Wald statistic.

The basic computation relies on the following theorem (e.g.,
Graybill, 1976, Section 4.4).



19

Theorem: If X ~ MVN(O,V) and Q = X“AX, where A is_a symmetric
matrix, then Q ~ Jw_.U., where U; are independent x(l) and w; are
eigenvalues of the hatrix AV.

The theorem is usually applied to an appropriate Wald statistic W
(Q in the theorem) constructed from the maximum likelihood
estimators of the parameter being tested in the null hypothesis
and the inverse of their estimated covariance matrix under
multinomial sampling. If the vector of maximum likelihood
estimators is asymptotically normal with a sample design
dependent covariance matrix (V in the theorem), then the
asymptotic distribution of W follows. Note that the "design
effect" matrix (AV in the theorem) is a generalization of the
univariate design effect concept; i.e., the ratio of the variance
of {he estimator under the given sample design to that under
simple random sampling.

For the logit model (A19), the Wald statistic for testing
Ho: 32 = 0 is given by (cf., Binder et al., 1984 or Kumar and
Rao, 1984)

. (Xz‘ D“(l_“)xz)ez ’ (A23)

where EZ is the maximum likelihood estimator under the general
model and

6“(1_ﬂ) = diagn,(1-7,)] ,

-~

N P -1, .
Xp = [I-X1(Xy" DoqomyX) "% Drgqy 3% -
Thus, the generalized design effects matrix is given by

~

2 Dn(l-ﬂ)XZ

- ~ -1~ » Al\l
M82=0 = (X ) (X2 v XZ) . (A24)
where V is the estimated covariance matrix of ; under the given

sample design.

For the goodness of fit hypothesis, the likelihood ratio
statistic g2 is asymptotically equivalent to the goodness of fit
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statistic

I
_ ~ - - 2 - A
W = n+'i-2-1 w'i(pi - '"-i) /["1(1"“1)] ’ (A25)
where, as in (Al8), ;i is the maximum likelihood estimator of LF
under Hp. The generalized design effects matrix is given by

1 -~ ~ ~ _1 - -~ ~ -~ _1 _1
M = —— [(Dy XD ) (Dy X Dy ) 7]
gof R, N,® N, Non(1-n) VN, O,
. [(by X By 1 V(B X Dy ~H)1
+ + + + (A26)

b % 03! (D, V D, )%, !

SO O a(1-m) N PN N,

where

D, = diag[ws] ,

N,n(1-q) = dF290Nym (1-mg)T

-~

v -~ -1 rd
K= 1= XX 0y p(1em)®) T X7 Dy r(1n)

a

and Q is the estimated covariance matrix of B under the given
complex sample design.

Percentile points of the distribution of § 51”1 under H, are
generally not available. Johnson and Kotz (1968) and Jensen and
Solomon (1972) contain selected percentiles for up to five
summands, Approximate values can be obtained using the usual
chi-square tables if we approximate the distribution of § 51”1
by a scalar multiple of a chi-square, say axz(b), where a and b
are obtained by matching moments of the two distributions. If
only the means are equated, then it can be shown that

e~

85 (A27)

a = 1
d .
i=1
d

b=d |,
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where d is the appropriate number of degrees of freedom. If both
the means and variances are equated, then

1]
]

d 5 d
(182707 85) .
i=1 i=1
y 4 (A28)
(36207 8.2 .
i=1 i=1

o
"

Since

= trace(M) ,

-t
Ho~1aQ
—
O
o

= trace(Mz) s

—te
I~ Q.
ot
o
-—to
N

where M is the appropriate design effects matrix, the individual
ci'§ need not be calculated to obtain values for a and b in (A27)

and (A28).

Roberts (1984) obtained the following expressions for X&i
under (A27). For the goodness of fit hypothesis,

WiV (r)/Dng (12,01 (A29)

Hne~-100
[e ]
-t
[}
=]
+
IIM-—.

i=1 i
where Qii(r) = var(Bi - "i) is the ith diagonal element of the

matrix AVA- with

~ -~ -~

- » '1 -
A== Doy MXD gy )) 7 XD,

For testing Hy: 32 # 0,

Wi Vi (P)/Dng (1707 (A30)

A

[ e W]
>

iZ1Gi =,

i=1

where Vii(r) = var(;i - ;i) is the ith diagonal element of the

~

matrix V = D n(1- Tr)X B x D“(l_“) with

oy LA O R v \-1
B = (X" Dyn(1-m)X2) 7 XDV D(Xn Dy 3T T
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In summary, hypothesis testing for goodness of fit and
significance of an effect in the logit model (Al1l5) is modified to
account for the complex sample design by calculating the usual
likelihood ratio statistic (A22) or (A21) and comparing the
observed value to critical values of a multiple of a chi-square,
where the multiplier is obtained from (A29) or (A30).



