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A CRITIQUE OF CLOGG'S METHOD OF RATES ADJUSTEMENT *
M K8lig Shah FRD

interuniversity Programme in Demography
Yrije Universiteit Bruzsel

Abstract

Clogg {1576} has developed @ method for the adjustement of demographic
rates by purging the so called undesirable interactions from a saturated
multiplicative model. The summeary rates of the purged frequencie:z are
known a2 the adjusted rates. This paper critically examines the proposed
method of finding adjusted rates by purging two factor interactions, and
retates it to the traditional method of direct standardization by defining
the prevalence rates in terms of the parameters of the model. A
comparison of the results reveals that unlike directly standardized rates,
the adjusted rates carry with them the effects of the confounding factor.
The case of finding adjusted rates based on purging both two and three
factors interaction: is also discusced. The examples quoted by Clogg
{1378} are used as numerical iNlustrations.

* Prepared for the annual meeting of the Population Azsociation Of
armerica, to be held in Chicago during April 30 - May 2, 1587.



Introduction

A simple measure of summarizing the experience of & demographic
process is the crude rate. This rate is, however, not suitable for the
purpose of making a compariscn of any giver process due to the built-in
defect of such & measure when seen as a weighted average, the relevant
weights being the proportions of an essociated variable or factor It is
precisely for this reason that the method of direct standardization was
introduced as early as 1883 (Wolfenden, 1954), so that cornparisons could
be made on the basis of standardized rates.

According to the method of direct standardization, the weights proper to
each population compared {for example, the proportions in varicus age
groups of the population under comparison) are replaced by a common set
of weights (the “standard age composition”). The expected surnmary rates

caculated by appiying the "standard” are known as directly standardized
rates.

Even though these rates have the advantege of being easy to calculate, it
is the selection of the "standard” that is found to be really problematic.
Ir fact, one cannot find & "unique” standard for the calculation of directly
standardized rates. Several methods have been suggested for finding
summary indices either by using an endogenous standard or by using no
standard at ail.

in all these attempts, the use of statistical models have played an
important role. In particular, the models that are cornmonly used for the
analysis of contingency tables {e.g., multiplicative or log-linear modeis)
have provided an elternative to the traditional techniques of
standardization. Besides other advantages, each of these models provides
unique estimates of the required summary indices without the
intermediary use of & standard.

This paper desls with the method of &djusting summery rates, by
postulating & saturated multiplicative model on the available data, as
proposed by Clogg (1978). Since & saturated model fully describes’ the
data (e.g. contains all possible main and interaction effects), the
interaction that brings about most of the confourding effects on the
surnmary measures (the undesirable interaction) is first identified. This
interaction is then purged out of the data. The summary rates based on
purged and rescaled date are known as adjusted rates. The method haz



been applied in labor force enalysis {(Clogg, 1979, Clogg and Shockey,
1985).

As the method of purging interaction according to Clogg's method and that
of direct standardization both deal with the procedures of removing or
controlling the confounding effects of the summary rates, this paper
critically examines the properties of edjusted rates in comparison to
directly standardized rates.

To begin with, the type of a contingency table that could be used for the
calculation of prevalence rates and the rates of non-renewabie evenis is
described in terme of a general-purpose terminology. The model that

characterizes wvarious effects of the factors involved will folliow
immediately.

Terminclogy

Groups, populations or periods of observations in which 8 demographic
process is required to be compared will be called the "state factor” or the
“states”. The demographic process in question will be called the "outcome
factor™ or the "outcome”. The effects of the states will be assumed 1o
depend on some background factor(s) influencing a demographic process
under study. A background factor will be called a "confounding factor” if,
besides its influence on the outcome, it is distributed differentiy in the
various states. For example, in the problems of standardization and in
most of the discussions in this paper, confounding factor, outcome and

state factor represent age composition, employment status and groups or
years of obszervations respectively.



Summary RBates in & Contingency Table and the Model

Assume that the outcome D is polytomous having K categories k (h=1,..K}
and is classified by the confounding factor A, having R levels # (x=1, R}
and the state factor B having C categories i {i=1,..C). Denote the number
of events in the i-th state, the k-th category of D and the x-th level of A
by E, {x). The presentation of such a table is found to be consistent with
the description of prevalence rates and the rates of non-renewable
events, sorme of which could be seen in numerical illustrations 4 detatied
account of the analysis of such tables may be found in Bichop et a1 {11975
31-41), Goodman (1978, Chapter 4), Haberman (1976 Yol 1, Chapter 3) ang
Willekens (19873}

Note that events give rise to occurence /exposure rates and the presenc
in any specified category are used for the purpose of prevalence rates 4
most of the discussion in thie paper relates to the prevalence ra? s,
events cimply mean the presence of individusls in the specified
categories of the factors involved. Arcaramgh , the proportion of evenic

occuring 1n the 1-th state that fall in the k-th ciass of D and the x-th
level of & 1g the wi-specific rate of the k-th class of [

N D

Clxl = B OnI/ZE, (%) = E, (%)/E {x) (1%
The crude rate of the k-th class of D in the i-th state is.
r&,(.) z ff} L w(x) = B (*L’E {+} (2)

The crude rafe {2) can be expressed as A weighted sverage of the
#i-specific rate r {(x), the weights being the proportions of the
confounding factor A

rafd = Exrik(x).'»’i“(x} (7}
where ¥ A(x) = E_(x)/E_(+).

The model that describes the datae fully in a contingency table is the
saturated model:

5= W Aw By D ABy AU BD .y  ABD ;
E () = wow AwlBow Oow Aow AV, Bow  AS0 {4)



The usual constraints on the parameters are.

A_TT w B D M. . ABD.
ﬂxwx -ﬂiwi -ﬂkwk ..ﬂxw,ri -,..-wax* =..= 1

in a saturated model, since there are as many independent parameters in
the equation as there are types of different effects describing the data,

the estimated value for gk(x) is equal to the observed value The
parameters of the model are. the overall effect (w), main effects (wx“,
wB, w D) first order interaction effects (w, A8, w A, w BL) and the
second order interaction effect (w, , 460),

Of interest here in the mode! (4} is the interpretation of the first order
or two factor interaction effects. For instance, wxi“s representes state

differences in the distribution of the confounding factor A, the parameter
ka*f‘ measures the average effect of the confounding factor A on D, and

wikBD measures the state diffences in D.

Mote that the additive form of the multiplicative model (4) is obtained by
taking logarithms.

10gE, (%) = U+l A+UB+U Dl AB+] AD+|) BD4y)  ABD (5

with U=log{w), etc.

The usual restrictions of the paranﬁeters of the log-linear model (S) are.
I U AT UB=3 UD=3 | M8 =F U AP =0

An immediate advantage of these models is that one can easily exprass
the xi-specific rates r, (x), the crude rates r, () and the weights V,Ax) in

terms of the parameters of the model. For instance, the rate rﬁ{(x},
defined in (1) may be written as follows: '

W ‘P\f‘ “‘WBWDW ABW &b W BD W ABD
e T TR T TTwk Tk Tk
r&(x):

ry Ay B D AB AD \ BD ABD
Ekw.wx WEW W AR A e PE



Dy ADy BD .y ABD
wow Aw BOw

= . {6)
Dy ADw BDw ABD
N e W P P

The crude rate (2} iz

D BD Ao AB AD ABD
W Wy .Exwx DWW W

rell= {73

T Dy BD Ag ABys AD ., ABD
W, W PRI W Aw M B
and the weights V.A(x) as in (3) are:

Aw 48 D w BDw ADw ABD
LR DR A Pl g

Ay AB D o BOw ADw ABD
DR L VLD O T Mg A

Cloggs Method of Adjustement

Due to the fact that the two fector interaction wxi"‘s in the multiplicative

model {4) represents state (factor B) differences in the distribution of
the confounding factor A {e.g. differences in the age compositions), Clogg
{1978) proposed the adjustement of summary rates by purging this
interaction from the saturated model (4) of counts. The summary rates
based on purged frequencies are known as the “adjusted rates”. As the
adjusted rates do not possess the effects of the confounding Tactor, their
differences are thought to show the "true” differences of the outcome in

question. Clogg's method of adjustement based on purging and resceling is
gxplained in the following subsections.



1. Purging of Undesired interaction

The interaction wxi"‘B which is thought to confound or obscure summary

rates is removed from an assumed saturated model (4) of counts by the
simple process of division. Consequently, frequencies expressed without
this interaction, the so called "purged frequencies”, are:

LT AB _ AwBw Dy ADw BD ABD
E& (x}-.E*(x)fwm =ww AwBw Sw Aw Blw Q)

Since the original frequencies change due to the process of division, they
could be rescaled in order to sum to the observed tota! frequencies in
gach state.

2 Rescaling

As the sum E,,*(+) of the purged frequencies E, *(x} will not be egual to
the corresponding sum E, (+) of the observed frequencies E (x}, each
E, *(x) must be rescaled in order for the sum of the purged frequencies to

be egual to that of the observed frequencies. This ig done by nmwlitiplying
each Eik*(x) by the ratio of the total observed frequency to the total

purged frequency, .. by the ratio E, (+)/E, *(+). Denoting the rescaled
frequencies so obtained by E, **(x), we have

Y w'w AwBw Dy AD. BD ABD

E, (x)= W AW WO P g B {100
where w'=w.(E_ (+)/E, " (+)).
To preserve the total of the observed frequencies in each state, one has
to multiply the purged frequencies Eik*(x) by the ratio E#{ﬂx"EH*M. The
rescaled frequencies Eik‘(x) so obimined are:

By (%) = By FOOIE (+)/E, F(+)]

e w'w Af{wBY w D ADw BD ABD :
= WoW, .(w,).wk W Mo By ABD, (11)



where ‘ N
(w B = w/w M (€, (R)/E, * )]/

= IE,, ")/, (OLE, (V/E, (DI wE

3 Adjustement

The adjusted rate rﬂj{,} of the k-th class of D the 1-th state 12 obtained
by repiacing the observed frequencies E, {x) by ihe purged freguencies
E,.k*{x} or by the purced and rescaled frequencies Elk**iix} Uging the purged

and reccaled frequencies Eik"(x}, the adjusted rate according to Clogg's
methad is:

r 0= E (/2 E () (12)

1
4

= Eﬂ;(*)/ﬁ‘.:(*) = Eﬁ*(*)/fi‘*(*)

Commente and Comparicons

The method of adjustement presented by Clogg (1978) displays & useful
application of the satursted modele in demographic analysis and 1s
coneidered to be a breaktrough in the methodology of standardization The
method provides a basis for the replacement of the traditional method of
components analyels (Kitegawe, 1955) in cace of severa! interacting
factore Clogg'e method 1€ flevible and hes the capecity of accomoedating &
number of factors and ctates simultansougly. Cloga (1982} has aleo made
available & computer program (PURGE} which mey be used for the
compariscn of severa! states classified by seversl factors where each

factor could have many categories, and where purging of higher order
interaction i fell necessary.

Keeping in view, however, an impertant critencn of s standardized rate,
namely that a etandardized rate should be independent of the



compositions of the states under compsrison, the edjusted rates
according to Clogg's method are found to be lacking thiz property The
arguments in favour of illustrating the lack of such an important
criterion could be presented as follows.

The lack of this criterion arises due to the proces: of purging undesirsble
interaction (w_*%) only, from the saturated mode! (4). Note that purging

of other interactions gives entirely different results (Shah, 19386)

According to the saturated model (4}, the wi-gspecific rates rﬂ,(.se:} are

independent of the AB interaction as shown in (6}, The observed rates do
therefore not change during the process of purging the AB interaction.
Since the r&ix) do not change, one may compare the adjusted rate rﬂf(,}
with the crude rate r, () 8s follows.

A comparison of the crude rate (7) with the adjusted rate (12} expressed
in terms of the parameters of the model {(4) indicated that the difference
between the two is entirely due to the absence of the AB interaction term
in the adjusted rate.

Due to the fact that the r, (x) do not change, the adjusted rate r, *() could
be expressed as & weighted average of the wi-specific rates r, (¥} as
follows.

S0 = Zr ()W (%) : {12)

where
ﬁ;’if?{? = E,+ {X:‘fEﬁ_ i+).

The weights V.{x) are the state factor specific proportions of the

contounding factor, after having removed the AB interaction. The method
thus produces a “purged confounding factor” only. According to (13), thege
weights depend on 1 and are not identical in all states under comparicon
It follows that the adjusted rates based on Clogg's method include the
effects of the confounding factor. The confounding factor is thus netther
controlled nor eliminated.

Since the xi-specific rates r,(x) are not affected by the method of



adjustement az stated earlier, snd the method of adjustement produces
changes in the confounding factors, ie. the weights v,;“*(x), the adjusted

rate bewng & summary measure could be compared with a directly
standardized rate.

Given a set of standard weights Vo(x) that is independent of the states
under comparison, the directly standardized rate of the k-th class of Dan
the i-th state 115 defined as

DSR,, = Z 1, (K).V35(%) {143

where
V() = ELSGAO/E (), such that 2 Vi(u) = 1,

4 cornparisan of (13) and (14) reveals that whereas r, (%} is common in
both r () and DSR,, the weights Y, A(x) and V¥{x}) are different. Commaon

10 these weights, hawever, 1 that both are independent of the AE
interaction. Therefore, the difference between Fi 5 and DSE’ cannot be

aitributed to the AB interaction, but to the difference in magmtmc
arising in V.A(x) and V*(x).

It may be noted that while Vi“(x} depends on AB, BD and ABD 1nteractions,

Y*{x) iz independent of all types of interactions as it remains constant
over all the states under comparison. This finding is by no means related
to the proof that the direct method of standardization is better than the
method based on & multiplicative model. It may be used merely for the
identification of an important property of & standardized rate, namely
that the rate is independent of the compositions of the states under
comparizon. This property is not fulfilled by the adjusted rate {after
purging two factor interaction from a saturated model) as proposed by
Clogg (1676},

e shall demonstrate through numericai illustrations that the bias
arising due to the dependence of weights %‘f(:z:} on i could lead to

different (misleading} inferences and conclusions. Out of severa)
examples the ones quoted by Clogg (1978) are chosen 1o be precented here
for ready reference and comparison with Clogg's results

10



Numerical Results

1. Hypothetical Dats

Table 1 shows the hypothetical dats classified by confounding factor
(composition), state factor (groups) and dichotomous outcome factor. The
composition-specific rates of states 1 and 2 are the same but the crude
rates differ because of compositional differences. On the other hand, the
composition of states 1 and 3 is the same but the composition-specific
rates are different. The purpose is to compare the states in order to
identify differences in the prevalence rates of the ocutcome factor A
saturated log-linear model is fitted to the data of Table 1 using GLINM
{Generalized Lineer Interactive Modelling; Baker and Nelder, 1978). The
parameters of the model are shown in Appendix 1. The computer listing
- and prograrm are 1aid out in Appendix 2.

Table 1. Hypothetical dets. frequencies E,(x) and rates r, (x) by state.

E, (%) rt%)
State factor 1 2 , 3 1 2 2
Qutcome
factor/ 1 2 Totsl 1 2 Totsl 1 2 Total
Confounding
factor
1 25 25 S50 S50 50 100 25 25 50 50 50 50
2 10 40 50 15 60 75 25 25 50 20 206 50
3 6 92 100 2 23 25 50 50 100 08 08 50
Total 42 157 200 67 133 200 100 100 200
Crude rates 215 335 500

For k=1 the rate r, (x)= E“(x)/Eﬂ(x), e.g. in state 1, the rate at the 1st level of
the confounding factor is r ,(1)=25/50=0.5.
Source: Clogg (1978), Table 1. 526.

11



The expected f{requencies Ew*(x') obtained after purging the AB
interactions as proposed by Clogg (1978) eare given in Table 245
Calculations based on these frequencies indicate that the wi-specific
ratec r'w*(x) of the k-th category of D are equal to the observed ratec
ry{#) 85 shown in Table 1. For instance, r,,*(1) based on Table 2.a is
ryyU=E HONE, FO1 220.656/59.31220.50, and the same rate bssed on
the data of Table 1 s r,,(1)=E,(1)/E, (1)=25/50=050. These
calcutations correspond to the pbservations that the xvi-gpecific ratec of

any category of U are independent of the AB interactions fsee equation
G

Table 2.8, Frequencies £, *(x) purged of 4B interactions

State factor 1 2 3
Qutcome

factor/ i 2 1 2 | 2
Confounding

facior

1 296560 296560 268251 268251 351276 391276
2 116009 46.4077 105411 421644 206277 3ZG6772
z 508140 6686605 52770 60.6B60 260417 260417
Total 47.0709 42.7432 85.6026

E, “(#) = B a)/w M8 e g €, %(1) = 25.6560 = 25/exp{-.1702)

Soyrce: Table t and Appendix 1.

Notice the variation in the distribution of the confounding factor over the
states as shown in Table 2.b. Note that these proportions are used as
weights for the calculation of adjusted rates by equstion (13). Since
these weights depend on the states under comparison, the adjusted rates
obtained after purging AB interactions only do not satisfy the property
that & standardized index be independent of the compositional
distribution of the states under comparison. We shall see later that the
absence of this property of the adjusted rate could give different

12



{misleading) results. The proportions ¥.A(x} vary according to the pattern

of the w1~specific rates The proportions are dentical only in the statec
where the x1-specific rates are identical. For instance, since the rates
ri %) in states 1 and 2 are identical, the weights V;‘*(x) associated with

states 1 and 2 are also identical.

Table 2.b. Freguencies E“_*(x) and proportions vi(x} purged of AB interactions

by state.
State factor 1 2 3
Confounding
factor O 5 B 15 S -0 ¢ S ¢ S ' I £
1 99.2120 02122 538502 03121 782472 0.4084
2 28.0046 03053 527055 03035 612746 032158
Z 726745 03825 659630 03824 520824 02716
To

i1 185.9911  1.0000 1725187 1.0000 1916052 1.0600

Source: Table 2.5

Since the adjusted rates (13) are not really stendardized in a
conventional sense, as we have noted above, they cannot be used for
decomposing the difference of rate and composition components a&s
proposed by Kitagawe (1935), Except in situations where the zi~specific
rates are identical, the estimates of "rate” and "composition” components
of the difference of crude rates is biased. For example, the difference
between the crude rate of stete 1 sand that of state 2 is
0.235-0.500=-0.165 or -16.50%. The corresponding difference in adjusted
rates is 0.248-0.500=-0.252 or -25.20%. The difference between these
gquantities (B8.7%, -16.50+25.20) is an estimate of the effect of the
confounding factor. This estimate is, however, based on the aszumption
that the set of weights is common to both states (as is normally the caze
in direct standardization).

13



2 Empirical Data

The hypothetical data in Table 1 are constructed such that the xi-specific
ratez are chosen to be identical in the categories of the confounding
factor in state 1 and state 2 whereas in state 3 these rates are identical.
Such dais concesl in part the drawbacks of Clogg's adjustement method
Therefare we consider another date set. Table 3 shows the US. civilian
labour force data classified by age and year of reporting. The objective ic
to see if age composition has played an important role in the process of
unemployment over the reported years.

Table 2. U.S. Civilian labor force classified by age and yesr of reporting
( E, (%) vwith i=year, k=emplogment status, x=age)

1969 1971 1973

Age unempl. empl. total  unempl. empl. total wunempl. empl total

14-19 668 5,122 5,790 986 4949 5,935 907 5,247 6,154
20-34 784 18,581 19,365 1,522 16,011 18,533 1,227 16,103 20,326
35-49 413 19,155 19,568 751 17,672 18,423 547 16,112 16,654
S50-64 310 14,250 14560 534 13,607 14,141 399 12,421 12,820
65+ 56 2,508 2,566 gt 2,177 2,198 45 1,949 19464

Total 2,237 58616 61,849 3,874 56,356 60,230 3,121 54,832 57653

Crude
unemployment 361 6.43 5.39
rate {percent)

Source: Clogg, 1978, Table 5: 536 (Data from March Current Population Survey)

H

As before a saturated log-linear model is fitted on the data of Table 3 by
using GLIM. Computer output and the parameters of the model are
displayed in Appendix 4. The parameters required for the purpose of
purging age-time interaction are shown in Appendiz S. Following our
critical remarks on the uneven distribution of weights Vi), when the

14



adjusted rates r *() are expressed 8s & weighted average of the
xi-specific rates r, (»), attention is focussed on the purged distribution
of the state factor £, *(x).

Sets of purged distributions E1.+*(x) are obtained by dividing the observed
distribution of the background factor Ei*{x} by the appropriate interaction

terms (see Appendix 5, Table S). Note that the interaction term is
common tn both categories of the outcome factor D in a specified year and
age group. Purged totals for eachi and %, Ew*(x), and purged weights V(%)

are shown in Table 4. The “purged weights” are not identical in all the
years under study, implying that the background factor ic still &
confounding factor and the adjusted rates r () based on these weights

carry with them confounding effects.

Table 4 U.S Civilian labor force. Purged counts . *(x) and proportions V (x} by
agqe and years.

States 186G 1871 1973 1865 1871 1872
Confounding

factor Frequencies E *(x) Proportions ¥, («
Age

14-19 59342011 63259433 563209519 00926 01059 0.1000
20-34 212848980 19437.7550 185829200 0.3322 03254 03299
35-49 18857.9260 179264380 16869.8730 03099 03001 02995
50-64 147757260 13866.4440 128103730 0.2306 02322 02292
65+ 22164637 21717222 23365362 00346 00364 00415

All ages 640692158 587283035 56332.6541 0.9959 1.0000 1.0001

Source: Table 3 and Appendix 5.b., 8.g. the totals in each year are obtained by
first dividing the number of employed and unemployed by the AB interaction of
that year. For the required level of the confounding factor as shown n
appendix 5.b, see text.



The confounding effect (bias) may be estimsted by the components
method. For this purpose we apply first Kitagawa's method 1o "adjusted
rates” and next we compare the inference based on "adjusted rates” with
those based on directly standardized rates. Consider the unemployment
rates r,,(«) baced or the calculations from Table 3 and the weights Y.(x)

from Table 4 The adjusted rates for the years 1969, 1971 and 1973 are
0.0364, 00653 and 00525 respectively The corresponding crude
unemploument rates for the same years as noted in the bottom row of
Table 3 are 0.0361, 0.0647 and 0.0539 respectively.

Before commenting on the nferences based on adjusted rates for the
estimation of the compositional effect or the confounding biss, 1t 1s
useful to recapitulate the main points about the components of the
difference of two crude rates. According to Kitagawa's suggestion, the
difference in crude rates of two populstions (states) 15 composed of &
“rate effect” and a "compositional effect” The part due to rates or rate
effect 16 estimated from the difference of directly standardized raiec
fpopulation  composition  is  common 1n both  populations! The
compositional effect is then the difference of the crude rates minus the
difference of the standardized rates.

Using adjusted rates instead of directly standardized rates we find that
the difference of the crude rates of 1968 and 1971 1c -00282 =
0.0361-0.0642. The corresponding difference in the adjusted ratec is
-0.0289 = 0.0364-0.0653. The difference between these guantities is
-0.0007 = -0.0282+0.028% or 0.07%.

any inference based on this figure (0.07%) about the compositional effect
cannot be correct, since the estimate of the "rate component” 15 based on
"purged crude rates” (adjusted rates) and the weights V (v} are no!

independent of the state factor unlike the weights commonly used in
direct standardization. Moreover, any conclusion regarding the role of AB
interaction in the increase of unemployment from 1968 to 1971 i¢
uncalied for, as far as the components of the difference of the crude
rates are concerned. This is due to the rate effect which is confounded by
the differences of the AE interactions in 196S and 1571, and to the
presence of other interaction effects. Note That Clogg's (1978, p.537)
inference about the role of age-time-period interaction is based on this
figure (0.07%).

16



Due to reasons noted esrlier and considering Kitagaws's procedure of
decomposition in case of one factor as both logical and less complicated
{compared 1o 2 or more factor cases), it is possible to estimate the “rate
component”™ without biss by using directly standardized rates of the
states (populations) Using the observed proportions of the populations in
the years under study (Table 5) as standards, we calculated directly
standardized rates for 1969, 1971 and 1973 Crude as well &t
stendardized rates are shown in matrix M (4ppendix 6). Since the
standardized rates obtained by using these standards differ from those
based on adjusted rates we used the average composition of 1969 and
1871 as a standard (Table 5). Directly standardized rates for the years
1969 and 1971, based on this standard are 00365 and 0.0628
respectively, giving & rate component of -0.0273 = 0.0365-0.0638. Since
the difference of crude rstes in 1969 and 1971 is -0.02G62 the
composition component is estimated as -0.0009 = -0.0282+0.0272 or
-0.09%. The use of directly standardized rates of 1969 and 1971 resuits
in @ negative effect (-0.09%) of the population structure in contrast to
the one (0.07%) based on "adjusted rates”. The negative effect could be
interpreted as a decrease in the prevalence of unemployment due to the
compositional change that occured from 1965 to 1971, Note that due to
problems of weights in the adjusted rates, the conclusion based on
conventional directly standardized rates seems to be correct.

Our experiments with several other sets of data suggest that the
adjusted rates based on purging two factor (AB) interactions gives
resuits different from those based on directly standardized rates. We
have, therefore, tried to purge out other interactions besides the AB
interaction in order to solve the problem of estimating identical weights
for all the states in question. First we tried to purge out the three factor
(ABD) interaction from the saturated model, the results of which are
discussed in the following section.

17



Table S. Observed proportional distribution vi"‘(x) of the population
by age and years of observations and standard V 5{x)

Observed propartions V,A(x) Standard V $(x1 @
Years

Age 1869 1971 1973

14-19 0834 0885 1062 0961
20-34 ’.3 131 3243 3507 2187
35-49 264 3059 2857 S0
50-64 2354 2748 2212 2351
65+ 0145 0365 0344 03I9Q
All ages 1.0000 1.0000 - 1.0000 1.0001

) Average age composition of 1969 and 1971,
Source. Table 2.
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The Need of Purging Higher Order Interactions

The importance of purging higher order terms is felt necessary since
purging two factor (AB) interactions yields biased results. Because of the
non-hierarchical nature of the log-linear model of purged frequencies
E,"(x), we also purged out the three factor interaction w , *BP Dividing

E, (x) by w AU and denoting the purged frequencies so obtained by
E, “T{x), we have

LI hywbBog Dy AD g BD ~
By (b= ww AwBoaw Vo AV Y i15)

Using (13), the weights as shown in (13} without AB and ABD interaction
terms are.

w Ee D BD ., AD
V)*{?i'f = . *’ 161

o

- & v b BD Al
<, W% .Akwk 'Wﬂ; .W%

Mote that since the xi-specific rates depend on ABD intersctione, they
will change (emooth oul) unlike the ones obtained by purging AB
interaction only. Using (15) and denoting the smoothed xi-specific rates
purged of both AB and ABD interaction by ry *(x).

b BD AD
wlow Bow
Mg )= = B MM /E, M) (17
D BD AD
Z W WL W

Using {17) and {16}, the adjusted rates based on purging both AB and ABLD
interactions are:

PREAWED N A SIRALCY (189

The adiusied rate defined by (18) is not comparable to & directly
standardized rate (ac we have been comparing in case of purging AG
interactions only, i.e. when the rates r, () did not change). An important

point to note is that the weights used in the "smoothed” rates {18} stil}

depend on fsctor » and state i. In other words, factor & is still &
confounding factor.

19



The extent of such dependence depends on the question at hand. A zeries
of exercises on hypothetical as well as emperical sets of data suggest
that, whereas the weights Vi*(x) could practically be sssumed to remsin

constant over the states under comparison, there sre others where the
difference 1n weights so obtained is considerably large. For instance, the
results of Table 6 obtained after purging both AE and ABD interactions
support the finding that the adjusted rates are not free from the effects
of the confounding factor when these rates are considered as weighted

averages and exzpressed in terms of the parameters of the proposed model.

Table 6. Frequencies EH**(x) and proportions Vi*("} purged of bath AE
and ABD interactions.

State factor 1 2

(W |

Confounding
factor % 70 vR BT VR BT YT

—

6731 033655 7631 033655 8426 042130
6372 031860 6372 031860 6047 030235
6597 034485 6897 034485 5527 027635

(W I ]

Al _
categories 20000 100000 20000 1.00000 20000 100000

Source: Table 2.a. and Appendix 1.
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Appendix |
Parameters of the saturated log-linear mode! for the data of Tabie 1.

10GE, (%) = UsU A+UB+L D+l ABo) AD4y) BDL|) _ ABC

Owerall Mean U = 3233

Main Effects

1_*1" = 2174 U’E = ~0607 UF = 4254
U;‘ =~0272 Uze =~ 1567 Uzc = -.4254
Us‘"‘ = -.1902 USE‘ = 2174

Two Factor Interactions

AB AD BD

- 1702 6187 -.4485 4254 ~-.4254 -2127 2127

-.1488 3526 -.2038 0367 0367 -2127 2127
3190 -871% 6523 ~ -3887  .I887 4254 -.4254

Three Factor Interactions (ABD)

2126 -2126 2128 -2128 -.4254 4254
-0182 0182 -0184 0184 0367 -.0267
-.1842 .i842 -.1944 1944 SBB7 -.2887

Source. Appendis 2.
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Appendix 2

GLIM program for fitiing the saturated mode) on the data of Table 1 and
the estimated parameters under the usual constraints.

SUNITS 18
$DATA Y
N RS
=% '6) : B=% 12) ;D=
scalc a- X6L(3.2) : D=%6L(2, 1)
SLODK Y
$YVAR Y
$CACCT  AZ=xEQCA
. = ,» 1)~%XEQ (A, 2)
: A3=ZEQ(A, 1)-%EQ(A/ 3)
B2=%ZEQ(B, 1)~%EG(B, 2)
B3=ZEQ(B,.1)-ZEQ(B, 3)
: D2=ZEQ(D,1)-%ZEQ(D, 2)
$CALC  P1=A2#B2 : P2=A2#B3 : P3I=A3%B2 : P4=A3%B3
;. PS=A2%D2 : P&=A3%D2 | P7=B2#D2 . PS=B3I*D2
SETTC AZHASTRDIROIDLMR PO r At R PSP ear s R AT 2 absa it g 3 BIrD2
-+ +P&+P 7+
$hiLe A7 ARERE P7+PB+Q1+Q2+QG3+G4

25 25 50 50
16 a0 i3 20 33 32
8 92 2 23 50 30

QLIM 3.11 (C)1977 ROYAL STATISTICAL SOCIETY., LONDON

CYCLE DEVIANCE DF
3 . 4394E-~11 o

Y-VARIATE Y
ERROR POISSON LINK LOG

LINEAR PREDICTOR
%oM A2 A3 B2 B3 D2 P1 P2 P3 P4 PS5 P6 P7 P8 Q1 G2 G3 G4

ESTIMATE S.E. PARAMETER
1 3. 233 . 6103E~-01 %6M
2 . 2724E-01 . 799BE-01 A2
3 . 1902 . 1019 A3
4 . 1367 . 9950E~01 B2
3 -~.2174 . 7464%E-01 B3
& -—. 4254 . 6103E-01 D2
7 3526 . 1220 P1
8 -.2038 . 1023 P2
? -.9713 . 1779 P3
10 6523 -1195 P4
11 3669E-01 . 7998E-01 P3
12 . 1019 P&
13 2127 F9I0E-OL P77
14 . 4234 7469E-01 PB
13 —-. 1833E-01 1220 a1
146 . 3669E-01 . 1023 a2
17 -. 1944 . 1779 Q3
18 . 3887 . 1133 a4
SCALE PARAMETER TAKEN AS 1. 000
UNIT OBSERVED FITTED RESIDUAL
25 23. 00 . 1990E—-11
2 25 23. 00 .1918E~-11
3 S0 30. 00 .2110E-11
4 30 50. 00 . 2713E-11
S 29 23. 00 . 1821E-11
& 25 25. 00 . 1705E~-11
7 10 10. 00 . 4494E~-13
8 40 40. 00 . 1887E-11
b4 15 13. 00 . 9907E—-12
10 &0 &0. 00 . 2202E~11
i1 29 23. 00 . 1137611
12 29 25. 00 . 1279E-11
13 8 8. 000 -. 3135E-11
14 92 92. 00 .3271E-11
19 2 2. 000 -. 4994E~-07
16 23 23. 00 . BB6OE-12
17 S50 90. 00 . 1306E-11 =
18 50 390. 00 . 1708E-11 ==




Appendix

#

SLIM program and the parameters of the model after purging the two

factor (4B} interaction
$UNITS 18
sDhATA Y
$FACTOR A 3 B 3
$CALC A=%GL (3, &) =%GL (3, 2) D=%GL (2, 1}
S$DINPUT 1
$LOOK Y
EYVAR Y
SERROR P
$CALC A2=XEG(A, 1)}-%ZEQ(A, 2)
. A3=ZEQ(A, 1)~-%ZEQ(A, 3}
B2=%EG(B, 1) ~%ZEQ(B, 2)
B3=%EQ(B, 1 }—~%ZEQ(B, 3)
D2=%EG(D, 1} ~%ZEG(D, 2)
: PS5=A2#D2 : P&6=A3#D2 : P7=B2%D2 : PB=B3x*D2
$CALC Q1=A2#B2#D2 : Q2=A2#B3%D2 :@: Q3=A3#B2#D2 : G4=A3#B3#*D2
$SFIT A2+A3+B2+B3+D2+PS5+P6+P7+P8+Q1+Q2+Q3+Q4
$DISPLAY MAR
$STOP
29. 6560 29.46560 24&. 9251 26. 9251 39. 1236 39.1236
11. 6009 46. 4037 10. 5411 42. 1644 30. 6373 30.6373
5. 8140 &6. B&OS 5.2770 60.68B60 26.0417 26.0417
oLIM 3. (C)1977 ROYAL STATISTICAL SOCIETY, LONDON
SCALED
CYCLE DEVIANCE DF
2 . 3784E-04 4
Y-VARIATE

Y
ERROR POISSON LINK LOG

LINEAR PREDICTOR
%eM A2 A3 B2 B3 D2 P5 P& P7 P8 Q1 G2 G3 G4
ESTIMATE S. E. PARAMETER
1 232 . 5313E-01 %EM
2 .27325—01 . 7168E-01 A2
3 . . 7915SE-01 A3
4 1368 . 7541E-01 B2
5 -.2172 . 6602E~-01 B3
& -—.4253 .5116E-01 D2
7 .3678BE-01 . &B954E~01 P5
8 .3885 . 7391E-01 P&
9 .2126 . 7101E-01 P7
10 -. 4253 . 663BE-01 P8
11 -.1858E-01 .9021E-01 @t
12 3678E-01 . 9110E-01 Q2
13 -. 1941 .9116E-01 @3
14 . 3885 96B7E-01 Q4
SCALE PARAMETER TAKEN AS 1. 000
UNIT OBSERVED FITTED RESIDUAL
1 30 29. 65 1575E-02
2 30 29. 65 . 157SE-02 g,
3 27 26. 92 . 4664E-03
r 27 26. 92 4664E-03
5 39 39.13 -, 1738E-02
& 39 39.13 -, 1758E-02
7 12 11. 61 -. 1740E-02
8 46 46. 41 ~. B6F6E-03
9 11 10. 54 . 1480E-02
10 42 42. 16 . 7411E-03
11 <} 30. 64 . 2008E-03
12 31 30. 64 . 2008E-03
13 & 5.817 -. 1107E-02
14 &7 b6. 86 -. 3244E-03
15 5 5. 284 -. 3155E-02
16 61 &0. 69 -, 9286E-03
17 26 26.03 . 1937E-02
18 26 36. 03 . 1937E-02 -
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Appendix 4

Fitting & saturated tog-linear model on the dats of civilian labor force
tlassified by age and years of reporting, i.e. 1969, 1971 and 1977,

$UNITS 30
sDATA Y
$FACTOR A S5 B3 D2
$CALC A=%AGL (5, 6) : B=LGL(3,2) : =36l (2, 1)
$DINPUT 1
€LOOK Y
SYVAR Y
$ERROR P
$CALC AZ=LEG (A, 1)-ZEQ(A, 2
: A3=4LEQ(A, 1 )~ZEQ(A; 3
: A4=LEGQ(A, 1)-~LEQ(A, 4
: AS=XZEQ(A, 1 )-ZEQ(A. S
: B2=%XEQ(B, 1)-ZEQ(B. 2
:B3=XZEQ(B, 1)-XEG(B., 3
: D2=ZLEQ(D, 1)~%ZEQ(D. 2
$CALC Pl1=A2%#B2 : P2=A2#B3 : P3=A3%B2 : P4=A3#B3 : P3=A4#B2
: P&=A4#B3 : P7=A5%B2 : P8=A5%B3
$CALC PgTQQ;ggné P1O=A3%D2 : Pl1=A4%D2 : P12=A53%D2 : P13=B2%D2
$CALC G1=A2#B2xD2 : G2=A2#B3#D2 :@ GQI=A3%B2*D2 : GQ4=A3#B3+D2
;. Q5=A4%B2%D2 : Qb=A4#B3%D2 : G7=A5#B2xD2_ : Q8=A3*B3I*D2
$FIT A2+A3+A4+AS+B2+B3+D2+P1+P2+P3+P4+P5+P&+PT7+PE+PI+P1O+P11+P 12
+P 13+P 14+01+Q2+Q3+Q4+Q5+Q6+Q7+G8
$DISPLAY MERT

SSTOP
668 2122 986 4949 907 5247
784 18581 1522 18011 1223 19103
413 19135 731 17672 s47 16112
310 14230 534 13607 399 12421
58 2308 81 2117 43 1949

GLIM 3. 11 (C)1977 ROYAL STATISTICAL SOCIETY., LONDON
CYCLE DEVIANCE DF
o2 . 147308 0

Y-VARIATE VY
ERROR POISSON LINK LOG

LINEAR PREDICTOR
x*CM A2 A3 A4 65652 B3 D2 P1 P2 P3 P4 PS5 P& P7 P8 P? P10 P11 P12 P13 P14 g1 G

G3 G4 G5 @6 G7

ESTIMATE 8. E. PARAMETER
1 7. 531 . 9061E-02 %GM
2 -.8803 . 1143E-01 A2
3 ~.4933 . 1334E-01
4 - 2019 . 1438E-01
3 1. 664 . 3112E~01
6 -.1271 . 1193E-01
7 . 3760E-01 . 1342E-01
8 -1. 3146 . 9061E-02
9 . 4974E-02 . 1303E-01
10 . 8968E-01 . 164901
11 . 2732E-01 . 1734E-01
12 -. 1263E-01 . 1923E-01
13 . 1998E-01 . 1924E-01
14 -. 7002E-02 . 2097E-01
13 1203E~01 . 4086E-01
16 -. 135835 . 4694E-01
17 -. 1182 . 1143E-01
ig 2140 1334E-01
19 1458E-01
20 2840 3112E-01
21 -. 1413 . 1193E-01
22 -. 6380E-02 . 1342E-01
23 . 2069E-01 . 1305E-01
24 . 1689E-01 . 1649E-01
25 . 2189E-02 . 1754E~01
26 . 3186E-01 . 1925E-01
27 —~.9619E-02 . 1924E-01
28 . 2921E-01 . 2097E-01

29 . 2677E-01 . 4086E-01
30 -—.9083e-01 . 4694E-01
SCALE PARAMETER TAKEN AS

SIS T s e >




Appendix 5

Table S.a. Log-linear parameters of "age-time intersction” Um“E‘

Years (States)

Age 1960 1971 1973

14-19 - 02486 -0638 0884
20-34 -.0946 0049 0897
35-49 -0147 0273 -0126
50-64 - 0126 0196 - 0070
65+ 1465 0120 -.1585

Source: Appendix 4.

Table S.b. "age-time interaction” parameters w45 of the
multiplicative model.

Years (States)

Age 1869 1971 1973

14-19 757 8382 1.0924
20-34 8087 1.0049 1.0838
35-49 8854 1.0277 9875
90-64 2875 1.0198 8830

65+ 1.1578 1.0121 8334

Source: Table S.a.
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Appendix 6

Mairix 1 - crude and standardized rates

States
Standard 1869 1971 1973
used V¥ 5(x)
1968 D361 0633 0513
1871 0368 0643 0522
1973 0360 0663 0539

*) Obtained by using the age-compositions as a standard for the

prevalence rates in each year.
Source. Table 3.
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A CRITIOUE OF CLOGG'S METHOD OF RATES ADJUSTEMENT *
M Ralig 5heh FRD

iteruniversity Programme in &ﬁi’m@mﬁhg
Yrije Universiteit Bruzsel

togg (1576) has developed a method for the adjustement of demographic
ratez by purging the so called undesirable interactions from & saturaied
muitiplicative model. The summary rates of the purged frequencies are
known as the adjusted rates. This paper criticaliy examines the proposed
method of finding adjusied rates by purging two factior interactions, and
relates it to the traditional method of direct standardization by defining
the prevalence rates in terms of the paramsters of the model 4
comparisan of the results reveals that unlike directly standardized rates,
the adjusted rates carry with them the effects of the confounding facior.
The case of finding aﬁjusted rates based on purging both iwo and three
factors interactions i3 also discussed. The examples guoied by Tlogg
11378) are used a3 numerical illustrations,

* Prepared for the annual meeting of the Population Association Of
America, to be held in Chicago during Aprit 20 - May 2, 1987,



Introduction

& simple measure of summarizing the experience of a demographic
process o the crude rate. This rate is, however, rot suitable for the
purpoze of making a comparison of any given process due to the built-in
defect of such & measure when seen as a weighted average, the relevant
weights being the proportions of an associated variable or factor It is
precizely for this reason that the method of direct standardization was
introduced as esarly as 1883 (Wolfenden, 1954}, so that comparizons could
be made on the basis of standardized rates.

gach poputation compared {for example, the proportions in various ag
groups of the population under comparison) are replaced by a common s
of weights (the "standard age composition”). The expected surnmary rat
caculated by applying the "standard” are known as directly standardiz
rates.

According to the method of direct standardization, the weights proper to

=
4
gt
g%
&

Even though these rates have the advantage of being easy to calculats, it
is the seleciion of the "standard” that is found to be really problematic.
in fact, one cannot find a "unique” standard for the calculation of directly
standardized rates. Several methods have been suggested for finding
summary indices either by using an endogencus standard or by using no
standard at all.

In all these attempts, the use of statistical models have played an
important role, in particular, the models that are commanty used for the
analysis of contingency tables (e.g., multiplicative or log-linear models)
have provided an alternative to the tiraditional tschnigues of
standardization. Desides other advantages, sach of these models provides
urigue estimates of the required summary indices without the
intermediary use of a standard.

This paper deals with the method of adjusting summary rates, by
postuiating a selurated multiplicative model on the available dats, as
proposed by Clogg (1978). Since a saturated model fully describes the
data {(e.g contains all possible main and interaction effects), the
interaction that brings about most of the confounding effects on the
summary measures (the undesirable interaction) is first identified. This
interaction {5 then purged oui of the data The summary rates based on
purged and rescaled data are known as adjusted rates. The method has



been applied in labor force analysis (Clogg, 1979; Clogg and Shockey,
1985},

A5 the method of purging interaction according to Ciogg's method and that
of direct standardization both deal with the procedures of remaoving or
controliing the confounding effects of the surmmary rates, this paper
critically examines the properties of adjusted rates in comparison to
directly standardized rates.

70 begin with, the type of a contingency table that could be used for the
caiculation of prevalence rates and the rates of non-renewabie eveils is
described in terms of & genersl-purpose terminology The model that
characierizes wvarious effects of the factors involwved will follow
immediately.

Terminglogy

Groups, populations or periods of observations in which a demographic
process is required to be compared will be called the "state factor” or the
"states”. The demographic process in question will be called the "outcome
factor” or the "outcome”. The effects of the states will be assumed 1o
depend on some background factor(s) influencing a demographic process
under study. & background factor will be called a "confounding factor” if,
besides its influence on the outcoms, it is distributed differently in the
various states. For exampie, in the problems of standardization snd in
most of the discussions in this paper, confounding factor, outcome and
siate factor represent age composition, employment status and groups or
iyears of observations respectively.



summary Bates in 3 Contingency Table snd the Modsl

e

Azsumve that the outcome D 15 polytomous having K categories & k=i, 00
and 13 classified by the confounding factor A, hax*mq R olevels u ‘f,. R}

and the state factor B having C categories i {i=1,..C) emﬁa the numbar
of events in the i-th state, the k-th category of D and the s-th level of &
oy Eﬁj:«-:}. The presentation of such a table is found to be consisient with
the degcription of prevalence rates and the rales of non-renewahle
evente, zome of which could be seen in numerical illustrations, & detalisd
accoynt of the analysis of guch tables may be found in Bishop et al (1975
Z1-41}, Goodman ( 1978, Chapter 43, Haberman (1975 Yol {, Chapter 31 and
‘smz%ek,ens {1983}

Note that events give rise fo occurence /exposure rates and the presence
wn any specified category are uged for the purpnge of prevaiance rates 45
most of the discussion in this paper relates to the prevalence rates,
ayents simply mean the presence of individysls n the gpecified
cateqories of the Tactors involved, accordingly, the proportion of svenis
accuring in the i-th state that fall in the k- fh rlass of [ and the z-th
tewel of & 1g the wi-specific rate of the k-th class of [

rlad = BN E (01 = B (I/E (%] i1}

The crude rate of the k-th class of D in the i-th state iz
LT '.;“"f? L2 . ! 1A -+
r‘k{t} - &?iEik{'ﬂ}} wkyE’y{-’%} - Ew("’}figxﬁf*} {-f-f

The crude rate (2) can be eupressed as a weighted average of the
gi-apecific rate rﬁ{ix‘:f, the weights being the proportigns of the

confounding factor A
r ) = 2,0, 5 Ay {33
whera ¥ Au) = £ (2)/E_ (+],

The model that describes the date fully in a contingency table i3 the
saiurated model:

Fort oot i B B Doy AB . AD g BD L, ABD £ AY
Eiku{}mw.wx NITH B0 el s Pl s =

I



The usual constraints on the parameters are:

Ao B D M- _ ABD. .
UKWR -ﬂiwi _nkwk _waxi -,,‘wﬂgwm = ..=1

In @ saturated model, since there are as many independent parameters in
the equation as there are types of different effects describing the dats,
the estimated value for E (x) is equal to the observed value. The

parameters of the model are: the overall effect {w), main effects (wx**,
w8, wg"}‘. first order interaction effects {w 8, w A0, w 5P} and the
second order interaction effect (w,, *80).

Of interest here in the model {4) is the interpretation of the first order
or two factor interaction effects. For instance, wm*‘a representes state

differences in the distribution of the confounding factor A, the parameater
w}{k*m measures the average effect of the confounding factor & on D, and

wika’ measures the state diffences in D.

Hote that the additive form of the multiplicative model (4} is oblained by
taking Iogarithms.

10gE, (%) = sl AsUBely Dry AB+iy AD+) D4y  4BT (53

with U=logiw), etc.
The usual restrictions of the parameters of the log-linear model (5) are:

S ATUB-T D=5 |} M. -S| ABD_  -q
“R‘i—;}i -E‘U}. MEkUk -»Exuxi -y e *EKU}“}Q -, Q

An immediate advantage of these models is that one can easily exprass
the xi-specific rates r, (), the crude rates r;, () and the weights W AKD in

terms of the parameters of the model. For instance, the rate I"m{?{i‘,
defined in (1) may be written as follows:

AywBwD AB AD Bh ABD
W‘Wz: ‘Wz‘ ‘Wk ‘Wad ‘ka ‘wik ‘Wxik

rik(X} =
T oy S By D gy AB . AD G BD GED
.&k Vf.. *{’l;,;‘; ‘Wi * k » xi : ng » ik ."S"’f}dk



Dy ADyy BD g ABD
WM o Moy

T Ly &b BD ., &ED
The crude rate (2} iz

g D BD = o, & AB AD ABD

TR B g oy Ay AB AD ., ABD
Qk "‘fk B ""\’ik .hx 'i'i‘x “‘N}C‘i .ka ulﬂn’:“:i!"'

and the weights V.A(x) as in (3) are:

Bys 4B T w D w BDyw ADwe ABD
EAPURLL I L PV LWV g

'.q.liﬂa(x}z
= o M AB ¥ BD AD s ABD
20 W, -ank P N

Clogg's Method of Adjustement

Due to the fact that the two factor interaction ~.‘«*m*“9 in the muttiplicative

rnodel (4) represents state {factor B) differences in the distribution of
the confounding factor A {e.g. differences in the age compositions), Clogg
(1973} proposed the adjustement of summary rates by purging this
interaction from the saturated model {d) of counts. The summary rates
besed on purged freguencies are known as the "adjusted rates”. Asg the
adjusted rates do not possess the effects of the confounding Tactor, their
differences are thought to show the "true” differences of the outcome in
guestion. Clogg's method of adjustement based on purging and rescaling is

explained in the fallowing subsections.
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t. Purging of Undesired Interaction

The interaction %.-vm*‘*B which is thought to confound or obscure summary

rates is removed from an assumed saturated model (4} of counts by the
simple process of division. Consequently, frequencies expressed without
this interaction, the so called "purged freguencies”, are:

19 = B (%) w A8 < AywByw Dy Dy BDyw #BD (g
By () = E ()i w AP < v AowBow Dow WU, Bl | ABU (Q)

Since the original frequencies change due to the process of division, they
could be rescaled in order to sum to the observed total frequencies in
each state.

2. Rascaling

As the sum £, *(+) of the purged frequencies E, *(x) will not be equal to
the corresponding sum E_ (+) of the observed frequencies E (xz), each
Eik*(r«s) must be rescaied in order for the sum of the purged Yreguencies to

be equal to that of the observed frequencies. This is done by multiplying
each Eik*(x) by the ratioc of the iotal observed frequency to the iotal

purged frequency, i.e. by the ratio £, (+)/E,,*(+). Denoting the rescaled
frequencies so obtained by E, **(x), we have

FRLY -y S ow B Dy A0y BD e &BD

B 0y = wiw SwBow Dw A0 BDy  ABD {10}
where w'=w.(E_ (+)/E, *(+)).
To preserve the toial of the observed frequencies in each state,ﬁ one has
to multiply the purged frequencies E, *(x) by the ratio E, (+)/E *(+). The
rescaled frequencies E,.;;{:«:} g0 obtained are:

Ey (%) = B, (aE, (+)/E, ¥ (+)]

e o B iwBY wDw B0y BD .y  ABD :
= BiwS) w Dow AU BV | ABD, (11



whers
[¥? Eé" - s iy W 7,8 11{{8'{:~|
o 7Y = wlw [T A, (RI/7E, (0]

= €, (R/E, (LIE, (+)/E,, o) wE.

The adjusted rate r, () of the k-th clags of Dn the i-th state iz obtained
by replacing the obgerved frequencies E,(x) by the purged freguencies
E,“xhor by the purged and rescaled frequencies £ "™ (x) Using the purged
and rescaled frequencies E.(x), the adjusted rate according to Clogg's
methad i
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£y 1#)/E, () = B, *(4)/E,*(#)

Comments ang Camparisons

The method of adjustement presented by Clogg (1978) displays & uszefuyl
apphication of the saturated models in demographic analysis and 1g
considared to be 8 breaskirough in the methodology of standardization The
method provides g bagig for the replscement of the iraditional method of
camponents analyels (Kitagaws, 1955) in case of several interscting
factors. Clogg's method is flexible and hag the capacity of accomodaling &
rymber of factors and states simultansously. Cloga (1982) has alze made
available & compuler program (PURGE} which may be used for the
comparigon of several states classified by seversl factorg where sach
factor could haye many categories, and whetre purging of higher order
interaction is felt necessary.

Veeping in view, however, an imporiant criterion of 3 slan
namely that & sisndardized rate should be indepe



compositions of the states under comparison, the adjusted rales
according to Clogg's method are found 1o be lacking thiz properiy. The
argumenis in favour of illustrating the lack of such an imporiant
criterion could be presented as follows.

The lack of this criterion arizes due to the proc ess of purging undesirable
intgraction {w /*%) only, from the saturated model {(4). Wote that purging

of other interactions gives entirely different rﬂfuﬂf {Shah, 1926}

According to the saturated model {4}, the wi-specific rates rﬁﬁ‘wfa are

independent of the AB interaction as shown in (63 The observed rates do
therefore nei change during the process of purging the AB interaction
Since the rt {x} do not change, one may compare the adjusted rate r, "’é)

with the crude rate rmw.‘l as follows.

A4 comparison of the crude rate (7) with the adjusted rate (12 expressed
in terms of the parameters of the model (4} indicated that the difference
between the two is entirely due to the absence of the AB interaction term
in the adjusted rate.

Due to the fact that the ry () do not change, the adjusted rate r, *(J could
be expressed as a welghted average of the xi-gpecific r aizes rln as
follows,
g5 h . ".l‘i ->
rﬂ: ij > }, ’},ﬁf} f.-‘a; Ef}n‘}
where

wv E. a*«:;f- (+}

The weights V(%) are the state Tactor specific proportions of the
confounding factor, after having removed the AB interaction. The method
thug produces a “purged confounding factor” only. According to (13) thase
welighte depend on 1 and are not identical in all ¢tates under comparizon
It follows that the adiusted rates based on Clogg's method include the
effects of the confounding factor. The confounding factor is thus netther
cantrallied nor eliminated,

Since the xi-specific rates rﬁ(ﬁx? are not affected by the method o7



ad}u:iemsm a7 ztated earlier, and the method of adjustement produces
thanges in the confounding factors, i.e. the weighis ‘-““(,«, the adiuszted

rate being & summary measure could be compared with a directly
gtandardized rate.

Givers a set of standard weights V(%) that ig independent of the states
under comparison, the directly standardized rate of the k-th clage of Din
the i~th state 1 15 defined a3

DSR,

MER MR AY {14

yhers
VR4 = B FUHO/E, (5, such that 2 W3(a) = 1

A comparison of (131 and (14) reveals thal whereas £, (¥} 15 comman in
both r,®0) and DSR,, the weights ¥, “’(m and YFiaj are different. Common

to these weights, however, 15 that both are mﬂe;enﬂﬁm of the AB
interaction. Therefore, the difference between i £ 3 and E?E-F’ cannol be

aiiributed to the AD interaction, but to the dxffersme in magmwde
arising in V.A(u) and V¥{x).

It may be noted that while %fi“‘(x} depends on &5, BD and ABD 1nteractions,

Y#(:) 13 independent of all types of interactions as it remains constant
over all the states under comparison. This finding 15 by no means related
to the proof that the direct method of standardization is betier than the
method based on a multiplicative model. It may be used merely for the
identification of an imporiant property of a standardized raie, namely
that the rate is independent of the compositions of ithe states under
comparison, This property 15 not fulfilled by the adjusied rate {afier
purging two facior interaction from a saturated model} as proposed by
Clogg 118780

We shall demonstrate thrrough numerical illustrations that the bias
arising due to the dependence of weights Y,*x) on 1 could lesd to
different imisleading} inferences and conclusions, Out of severs!
examples the anes quoted by Clogg (1978) are chosen Lo be presant eai h pre
for ready reference and comparison with Clogg's resulis

10



Numerical Results

1. Hypothetical Data

Table 1 shows the hypothetical data classified by confounding factor
\composition, state factor {groups) and dichotomous outcome factor The
composition-specific rates of states 1 and 2 are the same but the crude
rates differ because of compositional differences. On the other hand, the
composition of states 1 and 3 is the same but the composition-specific
rates are different. The purpose is to compare the states in order D
identify differences in the prevalence rates of the outcome factor 4
saturated log-iinear model is fitted to the data of Table 1 using GLIM
{Generalized Linear Interactive Modelling; Baker and Nelder, 1978). The
parameters of the model are shown in Appendix 1. The computer Jisting
and prograrn are laid out in Appendix 2.

Table 1. Hypothetical data. frequencies E, (x) and rates r, () by state.

E, (%) Fat%)
Siate factor 1 2 zZ 1 2 Z
Dutcome
factor/ 1 2 Total 1t 2 Total 1 2 Total
Confounding
factor
1 25 25 S50 50 50 100 25 25 50 50 50 50
i 10 40 S0 15 60 75 25 25 50 20 20 50
3 G 82 100 2 23 25 50 50 100 08 08 50
Total 4Z 157 200 67 132 200 100 100G 200
Crude rates 215 II5 500

For k=1 the rate r,(xi= £, (s)/E (x}, e.g. in state 1, the rate at the 1st jevel of
the confounding factor is r, (1)=25/50=05.
Source: Clogg (1978}, Table 1. 528,

{8



The expecied frequencies Eik*{%'} obteined after purging the AR
irteractions as proposed by Clogg (1878) are given in Table 24
Calcuiations based on these frequencies indicate that the wi-gpecsfic
rates r, "(v) of the k-th category of [ are equal to the obeerved rafes
r,tid as shown in Table 1. For instance, r“*m based on Table 2,
o CT0=E HOVE, P11 220.656/50.312=0.50, and the same rate based on
the dsta of Table 1 is 1, {1)=E,,(1)/E, 11)=25/50=050. These
calcylations correqpond to the observations that the vi-gpecific rates of
oy s:if F b are independent of the 4B interactions (see equation

i
(%4 ]

&‘3.!?.&'

o

»::: ¥

%
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o
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Table 2.a Frequencies Eik*t%} purged of AB interactions.

State factor 1 2 Z
Outcome

factor/ 1 2 1 2 1 2
Confounding

factor

i 296560 296560 269251 265251 391226 I8.1236
2 PLEOOS 464027 105411 421644  Z06377 Z06373
k4 58140 660605 52770 606860 260417 260417

470705 42,7432 85.8026

Ei" KI“{ = E}f&,{g}?ﬁy’f" ‘45; E ﬂ.;; ("} P ’?g 6 6(" - 2-,..‘/ E‘fl;}{- 1-‘?0

)
roe: Table 1 and Appendiz 1,

Motice the variation in the distribution of the confounding factor over the
states as shown in Table 2.b. Note that these proportiong are usged as
weights for the calculation of adjusted rates by equation (1%} Since
these weights depend on the states under comparison, the adjusied rates
obtained after purging AB interactions only do not satisfy the property
that & sgtandardized index be independent of the corposgitional
distribution of the states under comparison. We shall see later that the
abgence of thig property of the adjusied rate couyld give different



(misleading) results. The proportions ¥,*(x) vary according to the pattern

of the ¥1-zpecific rates. The proportions are 1dentical onlij in the states
where the x1-zpecific rates are identical. For instance, since the rates
rik(;«e:'} in states | and 2 are identical, the weighis Vﬁ(x;’! associated with

states 1 and 2 are also identical.

Table 2.b. Frequenciss E%*(x} and proportions ’v‘gﬁx? purged of 4B interactions

by state.
State factor ! 2 A
Confounding
factar L Vi) ELF Wl EFn vl
i 5872120 $.3122 538502 02121 782472 0.40084
2 58.0046 03053 527055 03035 612746 01198
Z 726745 032825 659630 03824 S20834 02718
Total 1899911 100060 1725187 10000 1916052 1.0000

Source: Table 2.a.

Since the adjusted rates (13) are nol really stendardized in &
conventional sense, as we have noted above, they cannol be used for
decomposing the difference of rate and composition components as
proposed by Kitagawa (1955). Except in situations where the xi-specific
rates are jdentical, the estimates of "rate” and "composition” components
of the difference of crude rates is biased. For example, the difference
between the crude rate of state 1 and that of state 2 g
0.235-0500=-0.163 or -16.50%. The corresponding difference in adjusied
rates is 0.246-0.500=-0.252 or -25.20%. The difference between these
gquantities {B.7%;, -16.50+25.20) is an estimate of the sffect of ihe
confounding factor. This estimate is, however, based on the assumption
that the set of weights 15 common to both states (as is normally the case
in direct standardization).



2. Empirical Dats

The hypothetical data in Table 1 are constructed such that the zi-specific
rates are chosen to be identical in the categories of the confounding
factor in state 1 and state 2 whersas in state 3 these rates are identical.
Such data conceal in part the drawbacks of Clogg's adjusternent method.
Therafare we consider another data set. Table 2 shows the L5 civilian
tabour force data classifiad by age and year of reporting. The objective is
to see if age composition has played an important role in the process of
unempioyment over the reported years,

Table 2. .5 Civilian tabor force classified by age and year of reporiing

{ E, i) with i=year, k=employment status, 1=age)

1969 1971 1973

Age unempl. empl. total  unempl. empl. itotal unempl. empl. 1otal

14-19 668 5,122 5,730 986 4,949 5935 907 5,247 6,154
20-34 784 18,581 19,365 1,522 18,011 19,533 1,223 19,103 20,326

35-45 417 10,155 19,568 751 17,672 15,423 547 16,112 16658
50-64 310 14250 14,560 534 13,607 14,141 368 12 421 12,820
65+ 58 2,508 2,566 g1 2,177 2,185 45 1,949 1,994

Total 2,237 59616 61,840 3,874 56,356 60,270 2,121 54,832 57 0853

Crude
uneraployment 7,
rate {percent}

o
o
Yo

i 6.43

O

Source: Clogqg, 1976, Table 5: 536 (Data from March Current Population Survey)

As before a saturated log-linear model is fitted on the data of Table 2 by
using GLIM. Computer output and the parameters of the model are
displayed in Appendix 4. The parameters required for the purpose of
purging age-time interaction are shown in Appendix 5. Following our
critical remarks on the uneven distribution of weights (], when the

14



sdfusied rates r fl) are expressed as a weighted average of the
xi-specific rates r, («), atiention ie focussed on the purged distribution
of the state factor £, *(x}

Sets of purged distributions £ *(x) are obtained by dividing the observed
digtribution of the background factor E,{«) by the appropriate interaction

terme {(see Appendiz 5, Table ). Mote that the interaction term is
common in both categaories of the outcome factor D in 4 specified year and

age group. Purged totals for each i and x, Eif(x}, and purged weights Y.(x)

are shown in Table 4. The "purged weights” are not identical in all the
years under study, implying that the background factor is still &
confounding factor and the adjusted rates r () based on these weights

carry with them confounding effects.

Table &4 U5 Civilian labor force. Purgad counts B, *(x} and proportions Vsl by

age and years.

Siates 1969 1971 1973 1865 1871 1872
Confounding

factor Frequencies £, *(x) Proportions ¥,(x}
Age

14-19 50342011 63258433 56329519 00826 01036 01000
20-34 212848080 194377550 185829200 03322 03254 (13299
35-49 198578260 17026.4380 168698730 03099 03001 02995
50-64 147757260 138606.4440 129103730 02306 02322 (0.2292
65+ 22164637 21717222 23365362 00346 00364 00415
A1l ages 64060.2153 597283035 563326541 08999 1.0000 1.0001

Source; Table 3 and Appendix 5.0, e.g. the totals in each year are obtained by
first dividing the number of emploged and unemployed by the AD interactiion of
that year, For the required level of the confounding factor as shown in

appendiy 5.0, see feutl.



The confounding effect (bias) may be estimated by the components
method. For this purpose we apply first Kitagawa's method {0 "adjusted
rates” and next we compare the inference based on "adjusied rates” with
those based on directly standardized rates. Consider the unemployment
rates r,{«) based on the calculations from Table 3 and the weights Yil)

from Table 4. The adjusted rates for the years E%Q, 1971 and 1973 are
00364, 00633 and 00525 respectively The corresponding crude
unemploument rates for the same yesars as noted in the botiom row of
Table 5 are 0.0261, 0.0643 and (.0539 respectively.

Before commenting on the inference sed oh adjusted rates for the
astunation of the compasitional ﬁffect or the confounding hbias, it is
useful 1o recapitulate the main points about the components of the
ifference of two crude rates According to Kitagawa's suggestion, the
difference m crude rates of two populations {(states) is composed of &
ate effect” and a "compositional effect”. The part due to rates or rale
gffect 15 estimated from the difference of directly standardized rates
fnopulation  composition 18 common  in both  populations: Th
corpositional effect is then the difference of the crude rates minus the
difference of the standardized rates.

mn

Using adjusted rates i t ad of directly standardized rates we find that
the difference of the crude rates of 1969 and 1971 i -0.0282 =
0.0361-0064%. The rorrﬂepandmg difference in the adjusted rates is
-0.0289 = 0.0364-0.0653, The difference between these quantities ig
-0.0007 = -0.0282+0.0289 or 0.07Z.

any tnference based on this figure (0.07%) about the compositional effect
cannot be correct, since the estimate of the “rate component” 15 based on
‘purged crude rates” (adjusted rates) and the weights Y,(x) are not

independent of the siate facior uniike the weights commonly used in
direct standardization. Moreover, any conclusion regarding the role of AB
interaction in the increase of unemplogment from 1869 1o 1971 iz
uncalled for, as far as the components of the difference of the crude
rates are concerned. This is due to the rate effect which is confounded by
the differences of the AB interactions in 1969 and 1971, and to the
presence of other interaction effects. Note That Clogg's (1978 p.537)
inference about the role of age-time-period interaction is based on this
figure {0.07%).

16



Oue 1o reasons noted earlier and considering Kitagawa's procedure of
gecomposition i case of one facior as both logical and less complicated
tcormpared to 2 or more factor cases), 1t is possible to estimate the “rate
component” without bias by using directly standardized rates of the
states {populations). Using the observed proportions of the populations in
the years under study (Table S) as standards, we calculated dirsctly
standardized rates for 1969, 1971 and 1972 Crude as well ag
standardized rates are shown in matrix M {Appendix 6). Since the
standardized rates obtained by uwsing these standards differ from those
pased on adjusted rates we used the average composition of 1869 and
1971 as a standard (Table S5). Directly standardized rates for the years
1969 and 1971, based on this standard are 00365 and 0.0628
respectively, giving a rate component of -0.0273 = 0.0365-0.0638. Since
the difference of crude rales in 1969 and 1971 is -0.02862 the
composition component is estimated as -0.0008 = -0.0282+0.0272 or
-0.09%. The use of directly standardized rates of 1969 and 1671 resuits
in a neqative effect {-0.09%) of the population structure in contrast to
the one {0.07%) based on "adjusied rates”. The negative effect couid be
interpreted as & decrease in the prevalence of unemployment due to the
compositional change that occured from 1969 to 1971, Note thal due to
problems of weighis in the adjusted rates, the conclusion based on
conventional directly standardized rates seems to be correct.

Our euperimenis with several other sets of data suggesi that the
adjusted rates based on purging two factor {AB} interactions gives
results different from those based on directly standardized rates. We
have, therefore, tried to purge out other interactions besides the AB
interaction in order to solve the problem of estimating identical weights
for all the states in question. First we tried to purge out the three factor
{ABD} interaction from the saturated model, the results of which are
discussed in the following section.

17



Table 5. Observed proportional distribution ‘v‘i“(%) of the population
by age and years of observations and standard V *{x}

Qbserved proportions \*’i“(x) Standard ¥ S ¥
Years

Age 1969 1871 1972

14-18 0936 088s 062 Q861
20-34 a3 5243 3507 2187
I5-4% 2164 2059 2857 Shi2
20-64 2354 2348 2212 2351
85+ 0145 Q365 0344 Q320
All sges  1.000C 1.0000 1.0000 1.0001

* Average age composition of 1969 and 1971,
Source: Table 3.
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The Meed of Pyrging Higher Order Interactions

The importance of purging higher order terms is felt necessary since
purging twa factor (AB) interactions yields biased results. Decause of the
r an-hierarchical nature of the log-linesr modal of purged frequencies

( ), we also purged cut the three factor interaction w g, *BC. Dividing

E, (x) by w . "0 and denoting the purged frequencies so obtawned by

*-in

Eu‘, Ll we hu\

**r‘_v'l, lél B',,B' kn’ BB‘ ‘C'
B, 70k = ww BB Vo AUy BU £15)
Using {155, the weights as shown in (13 without 4B and ABD interaction
LBrmS are:
g BT e I g B, AD
e Wi Mg,

AITE 1, (15)

Z, w0, 2w D B A
Z,w NI w S ow e
Mote that since the xi-specific rates depend on ABD interactions, they
will change (smooth oul) unlike the ones oblained bu purging A
interaction only. Using (15} and denoting the smoothed wi-specific rales
purged of both AB and ABD interaction by ry, " ().

w U e BD yy AD
M M Y

&
1
A
e
=4
N

- %73 LL YN
# = B, TTRIE,TTH)

o B A7
’kak WL

Using (17} and {16}, the adjusted rates based on purging both AS and ABD
interactions are:

TRAWES W IIALTS

-~
ML

The adjusied rate defined by (150 i not comparable io & directiy
standardized rate (s we have been comparing in cese of purging AE
interactions only, i.e. when the rates Y #) did not change), an important

point 1o note is that the weighis used in the "smaoothed” rates (18] siil
depend on factor » and state i In other words, factor & g still
confounding factor

o
'.f.s

1
3
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The extent of such dependence depends on the question at hand. & zeries
of exercises on hypothetical as well as emperical sets of data suggest
that, whereas the weights ’v',;*(x) could practically be assumed to remain
constant aver the states under comparison, there are others where the
differsnce in weights so obtained is considerably large. For instance, the
results of Table & obtained after purging both AB and ABD interactions
support the finding that the adjusted rates are not free from the effects
of the confounding factor when these rates are considered as weighted
averages and expressed in terms of the parameters of the proposed model.

Table 6. Frequencies £, %*(x) and proportions ¥ *(x} purged of both AB

and ABD interactions.

Staie factor 1 2 Z
Confounding

factor « I 13 B €3 I Pl O B £ I 0 € I A €9
! 6731 033655 7631 033655 8426 (042130
2 6372 031860 6372 031860 6047 (030235
3 6897 034435 6897 034485 5527  (.27635
Al

categories 20000 100000 20000  1.00000 20000  1.00000

Source: Table 2.5. and Appendiy 1.
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Appendix |
Parameters of the saturated log-linear model for the data of Table 1.

fo6% bott B Doty AR A BD AL
ngi&t"”‘} - UH";T!{ +U? +U§f, h’}%i +U‘;zk +Uk +Ui=£i¥<

Owerall Mean: U = 3273

Main Effects

ks 2174 UE 2 - 0607 Ut= 4254
Uph = -0272 Uf = -.1567 U,° = -.4254
Az - 1902 Bz 2174

Two Factor interactiions

AB AD gh

- 1702 6187 -.4485 4254 -.4254 -2127 2127

-.1488 3526 -2038 - 0367 0367 -2127 2127
2190 -9712 6523 -38687  .38687 4254 -.4254

Three Factor Interactions (ABD)

2126 2126 2128 -2128 - 4254 4254

-0182 0187 -0184 0184 0I6T -0367
-.1942 1842  -.1944 1944 2887 -.38687

Source: Appendiz 2
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Appendix 2

GLIM program for fitting the saturated model on the data of Table 1 and
t_he esiimated parameters under the usual constiraints.

$SUNITS 18 T
$DATA Y
$FACTOR A 3 B 3
$CALC A=ZC6L(3.6)
SDINPUT 1
$SLOOK Y
$SYVAR Y
$ERROR P
$Cal.C A2=LEGCA, 1 )~ZEGQ (A, 2)

. AB=ZEGQ(A, 1)-ZEQ(A, 3}

B2=XEG(B, 1 )~ZEQ(B, 2)

: B3=XEG(B..1)-%ZEQ(B, 3)

: DR2=ZEG(D, 1)~%ZEQ(D, 2)
$CALC P1=A2%B2 : P2=A2%#B3 : P3=A3%B2 : P4=A3%B3

: PS=A24D2 : P&=A3#D2 : P7=B2%D2 : P8=B3%D2
Tl s L T e N e TS

+PS+PL+P7+PE+

:g;ggLAY S+B2 7+P8+G1+GQ2+G3+Q4

25 295 50 50 25 29
10 40 15 60 25 29
8 92 2 23 S0 S50

GLIM 3.11 (C)1977 ROYAL STATISTICAL SOCIETY., LONDON

CYCLE DEVIANCE DF
3 . 439411 0

D 2
B=%GL (3. 2) : D=%6L(2,1)

Y—VARIATE Y ‘
ERROR POISSON LINK LOG

LINEAR PREDICTOR
- JoM A2 A3 B2 B3 D2 P1 P2 P3 P4 PS5 P& P7 P8 Gl G2 G3 G4

ESTIMATE S. E. PARAMETER
1 3,233 . 6105E-01 %GM
2 .2723E-01 .7998E-01 A2
3 .1902 - 1019 A3
3 1367 S0E-01 B2
5 - 2174 . 7469E~01 B3
6 -. 4234 . 6105E-01 D2
7 3526 . 1220 P1
8 -.2038 . 1023 P2
9 - 9713 1779 P3
10 .6523 1183 P4
11 .3669E-01 .7998E-01 P35
12 .3887 . 1019 P&
13 . =2127 . 9930E-01 P7
14 -. 4254 | 7469E-01 P8
is - 183%€-01 . 1220 a1
154 .3649E-01 .1023 a2
17 -. 19 11779 63
18 _.3887 S1159 a4
SCALE PARAMETER TAKEN AS 1. 000
UNIT OBSERVED FITTED RESIDUAL
i , 25 25. 00 . 1990E-11
2 25 25. 00 L 1918E-11
3 50 50. 00 I 2110E-11
3 80 50. 00 I2713E-11
5 25 25. 00 S1421E-11
& 25 25. 00 . 1705E-11
7 10 ~10.00 . 4493E-13
8 40 40. 00 . 1887E-11
9 15 15. 00 . 9907E-12
10 &0 &0. 00 | 2202E-11
11 23 25. 00 S1137E-11
12 a5 25. Q0 . 1279E-11
13 8 8. 000 - 3135E-11
14 92 92.00 . 3271E-11
15 2 2. 000 - 4994E-07
16 23 23. 00 . 8BGOE-12 I
17 50 50. 00 . 1306E-11 e
18 50 50. 00 - 1708E-11 23



appendix 3

GLIM prograrn and the parameters of the model after purging the two

facior (AB) interaction.

$UNITS 18

$DATA Y

$FACTOR A 3 B 3
$CALC A=Z6L (3, 63
SDINPUT 1

$LOOK Y

D2
B=46GL (3, 2) D=%AGL. (2, 1)

P

A2=ZEQ (A, 1)-LEQ(A

A3=ZEQ (A, 1) ~ZEQ (A,

B2=7ZEGQ(B, 1)-ZEQ (B,

B3=ZEQ(B, 1 }-4ZEQ{(B,

D2=%4EQ(D, 1)-7ZEQ(D; 2
: PO=AZ2#D2 : P&=A3#D2 : P7=B2#D2 :

$CALC Q1=A2#B2*D2 : Q2=A2%#B3xD2 .

$FIT AS2+AT+B2+B3+DE+P5+P&+P7+PE+Q1+Q2+Q3+Q4

$DISPLAY MAR

$CALC

$STOP
29 6560 29.6560 26. 9251 26.9251 39.1236 39. 1236
11. 6009 46.4037 10.5411 42,1644 30,6373 30,6373
5. 8140 66. 8605 5.2770 60, 6840 26. 0417 26.0417
GLIM 3.11 (C)1977 ROYAL STATISTICAL SOCIETY, LONDON '
"SCALED
CYCLE DEVIANCE DF
2 . 3784E-04 4
Y-VARIATE Y

Y
ERROR POISSON LINK LOG

{_INEAR PREDICTOR
ZGM A2 A3 B2 B3 D2 PS5 P& P7 P8 Gl G2 G3 G4

ESTIMATE 8. E. PARAMETER
1 3. 232 . 9313E-Q1 76M
2 2732E-01 . 7168E-01 A2
3 2?02 . 7215E-01 A3
4 1568 . 7541E~-Q1 B2
5 -.2172 . 6602E-01 B3
& ~. 4253 .5116E-01 D2
7 3678E-01 6£854E-01 PH
8 3885 7321E-01 Pé6
9 . 2126 7101E-01 P7
10 -. 4233 &£638E-01 P8
11 -. 1858E-01 . 2021E-01 Q1
12 . 3478BE~0O1 . 9110E-01 Q2
13 —.1941 9116E-01 Q3
14 . 87E-01 4
SCALE PARAHETER TAKEN AS 1. 000
UNIT OBSERVED FITTED RESIDUAL
1 30 292. &5 375e-02
2 30 29. &5 . 1573E-02
3 27 26. 92 4664E-03
4 27 26. 92 4664E-03
9 39 392.13 -. 1738E-0Q2
& 39 39. 13 -. 1738E-02
7 12 11, 61 -. 1740E-02
8 46 46. 41 -. B6&P4LE-0Q3
4 11 10. 54 . 1480E-02
10 42 42. 16 . 7411E-03
11 31 30. 64 . 2008E-03
12 31 30. &4 . 2008E-03
13 & S5.817 -. 1107E-02
14 &7 &&. Bb6 -. 3244E-03
15 2 9. 284 -. 3155E-02
16 &1 60, 69 -, 9286E-03
17 26 26. 03 . 1937e-02
18 26 26. 03 . 1937E-02

P8=B3#D2
Q3=A3#B2#D2 :

Q4=A3#B3#D2



Appendix 4

Fitting & saturated log-linear model on the data of civiiian labor force
classified by age and years of reportmg e 1969, 1971 and 19772,
$SUNITS 30
EDATA Y
$FACTOR A S B 3 D2
$CALC _ A=%GL(5,6) : B=%6L(3.2) =%CL (2, 1)
$DINPUT 1
$LO0K Y
S$YVAR Y
$ERROR P
$CaAl.C A2=LEQ(A, 1)-ZEG(A. 2)
: AB=XEQ(A, 1)-ZEQ(A, 3)
: Ad=ZEQ(A, 1)-ZEQ(A, 4)
: AS=YLEQ(A, 1 )-XEGQG(A. D)
: B2=%EQ (B, 1)-XEQ(B, 2)
: B3=ZEQ(B, 1)-XEG(B, 3)
: D2=%EGQ(D, 1)~%EQ(D, 2)
$CALC P1=A2%B2 : P2=A2#B3 : P3=A3#B2 : P4=A3#B3 : P5=A4#B2
. P&=A4#B3 : P7=A5%#B2 : P8=A5%B3
$CALC PgTQQEgZDé P10=A3%#D2 : Pl1=A4*D2 : P12=A5#D2 : P13=B2#D2
: ) %
$CALC Q1=A2%B2#D2 : Q2=A2#B3#D2 : Q3=A3%B2%D2 : Q4=A3#B3#D2
. Q5=A4#B2#D2 : Q6=A4#B3#D2 : Q7=A5#B2#D2_: QB8=A5#B3%D2
SFIT A2+A3+A4+AS+B2+B3+D2+P1+P3+P3+P4+P5+P&6+P7+PB+PF+P10+P11+P12

+P13+P14+31+Q2+Q3+G4+Q@5+Q6+Q7+G8

$DISPLAY MERT
SSTOP

668 5122 986 4949 907 5247
784 18381 1522 18011 1223 19103
413 19133 751 17672 547 16112
310 14250 534 13607 399 12421
=8 2508 81 2117 33 1949
GLIM 3. '1 (C)1977 ROYAL STATISTICAL SOCIETY, LONDON
CLE DEVIANCE DF —_—
cY 2 . 1475E-08 o

Y-VARIATE

Y
ERROR POISSON LINK LOG

LINEAR PREDICTOR

A3 A4 AS 82 B3 D2 P1 P2 P3 P4 P3 P& P7 P8 P9 P10 P11l P12 PI3 P14 g1 @

A2 A
03"64 as @6 a7 4
EgTINATE

[ 8 B-F AL Ly
I
n
Q
[y
0

. 1203E-01
. 1585
.1182
.2140
. 2350

PO 0 b o o s oo oo s i ok
»OQONIALRON=ODON
|

. &6380E-02
. 2069E~-01
. 1683E-01
. 218%9E-02
. 3186E-01
. 92619E-02
. 2521E-01
. 2677E-01
-. 9083E-01
SCALE

. 1503E-01
. 1649E-01
. 1754E-01

. 4694E-01

. 1143E-01
. 1334E-01
. 1458E-01
. 3112E-01
. 1193E-01

. 1342E-01
. 1505E~01
. 1649E-01
. 1754E-01
. 1925E-01
. 1924E-01

. 2097E-01
.40865—01
F4E~-01

PARAMETER TAKEN AS

PARAMETER
ZeM



Appendin 5

Table 5. Log-linear parameters of "age-time interaction” U AP

¥ears (States)

Alge 1965 1671 1873

td-18 -0246 -.0638 NaGd
20-34 -.08948 0049 0gev
35-4% - 017 0273 -G126
50-84 -0126 0186 - Q070
B35+ 1465 0120 - 1935

Source: Appendix .

Table 5.b. "age-time interaction” parameters wm“'*ﬁ of the
multiplicative model.

Years {States)

Age 1969 1973 1973

14-1G 8757 8382 10024
20-34 2097 1.0049 1.09386
35-4% B854 1.0277 86875
a0-64 8675 1.0198 D930
6o+ 1.1578 o2l 8534

Source: Tabie 5.a.
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Appendix 6

Matriz M - crude and standardized rates ¥

States
Standard 1869 1971 1973
used ¥ 5{x)
1965 D761 0633 0517
1971 0368 0643 0522
1873 D780 D663 05358

* Obtained by using the age-compositions as a standard for the
prevalence rates in each year.
Source. Table 2,



