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Abstract

In the Disability Amendments of 1980 (P.L. 96-265), Congress mandated

that certain experiments be carried out which are designed to encourage
disabled beneficiaries to return to work and save trust fund monies. A
research plan has been developed which would offer alternative program
provisions, experimentally, to different samples of beneficiaries. An
observation period of three to four Years will be possible before a report
to Congress must be written. However, a period of this length is not
sufficient to observe, fully, the postentitlement experience of disabled
beneficiaries. In order to estimate the long run effects of the experiments,
a method is needed which can project postentitlement behavior beyond the

observation pericd.

This paper tests the ability of a proportional hazards semi-Markov model

to make accurate predictions in this type of setting. The data are divided
into two segments: the first 14 calendar quarters and the last 16 quarters.
Various types of rate functions including proportional hazards rate functions
are estimated on the first segment, then projected over the entire 30 quarters
and compared to the actual data. The proportional hazards rate functions

are then used in a simulation to estimate monthly benefit cost to the social
security disability trust fund over the last 16 quarters, using an age—dep-
endent, absorbing, semi-Markov model. The model does a very good job of
capturing the dynamics of the process and should prove quite useful as one

of the major components in an analysis of the Work Incentive Experiments.
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Introduction

In the Sccial Security Dissbility Amendments of 1980 (P.L. 96-265) the
Congress gave the Secretary of Health and Huran Services the authority to
waive the norral provisions of Title II of the Social Security Act and
mandated that he use this authority to carry out experiments which are
designed to encourage cisabled beneficiaries to return to work ané leave
the benefit rolls. The primary cbjective of the experiments is to save
trust fund monies and control the costs of the Social Security Cisability
Insurance program. The bill itself contains several examples of the kind
of changes that Congress had in mind. These include changes in the
entitlement provisions for Medicare benefits, lengthening of the trial
work period and alternative ways of treating postentitlement earnings
such as the application of a benefit offéet based on earnings such as the
application of a benefit offset based on earnings, as in the retirement

benefit program.

In order to measure the effect of these types of changes, the Office cf
Research and Statistics of the Social Security Administration has develcped
a plan _1/ which offers various alternative program provisions to five
groups of newly entitled beneficiaries. Four of the groups will be offered
one of the following alternatives: (1) benefits reduced 50 cents for each
dollar of earnings when earnings exceed substantial gainful activity (and
trial work is completed); (2) benefits reduced one dollar for each dollar
of earnings; (3) more trial work months (15 instead of 9) and earlier
eligibility for Medicare (after the sixth month of trail work); and (4)
five years of Medicare coverage after campletion of a trial work period

(provided there is no medical recovery). The fifth group will be offered



both the first and fourth alternatives on the assumption that this
particular carbination is likely to provide the most powerful work
incentive and is therefore the best test of the efficacy of any of

these changes. A control group will also be established.

Because all of the experimental alternatives will be more liberal then the
current law, they will exhibit short run costs to the trust funds which are
greater than those that are cbtained under the current law. The potential
for disability trust fund savings comes from sustained increases in work

on the part of larger numbers of beneficiaries and significant increases in

the termination of cash benefits.

Although short run labor force response will be of much interest, there is no
necessary relationship between an early increase in work attempts and long run
trust fund effects. At the same time, the reporting requirements to Congress
preclude observations much beyond 4 or 5 years. It will, therefore, not be
possible to directly cbserve long run effects on trust funds. Instead, estimates
of these effects will have to come from mathematical models defined sc that —
long run effects can be predicted in terms of estimated parameters using the

several years of data available.

Because the focus of the experiments is on work incentives and on trust fund
costs, the models developed should have the ability to answer such questions as:
How many disabled beneficiaries, under each experimental treatment, are expected
to make a work attempt? What is the expected length of time from date of

award before a beneficiary tries to work? What is the probability that this
work attempt will lead to a secure job and allow the beneficiary to leave

‘the SSDI program? What is the expected length of time in the program for



beneficiaries in each experimental group? What is the expected cost in

family benefits?

In order to answer these types of questions, an analysis plan is being
proposed which is based on a continuous time stochastic model. This
decision is based on several factors. First, these models have been used
quite successfully in the life sciences. The work of lMode, Littman and

Soyka 2/ provides a nice example of this approach. The work of Tuma,
Hannan, and Groeneveld 3/ provides an example of the use of stochastic models

in the social sciences. Their interest, however, has been in explanatory
models. Flinn and Heckman 4/ have been developing stochastic models for the

analysis of labor force dynamics, but, these also are explanatory in nature.

Even though our main interest will be predicting long run effects of the
experiments, the short run labor force response will be of considerable
interest. The works of Tuma, et. al. and Flinn and Heckman present convincing
arguments that the rate at which events are occuring over time should be

the central focus of this type cf analysis. Consider two groups with different
experimental provisions. Suppose, after 2 years, we observe that the number
of beneficiaries who made a work attempt in each group is the same, i.e.,

not statistically different. It is conceivable that two different processes
are at work. One group may exhibit a very high rate of return to work in

the early months with the rate consistently dropping to zero in the two

years. The other group could have a very low rate initially, with a con-
sistent increase over the two years. Both processes yield the same nurmber

of work attempts over the first two years. But, clearly, they are different

processes and they will generate different results in the long run. The



work attempts in the first group are essentially over, but the second
group has not yet reached its full potential. Therefore, any short run
analysis should include an analysis of the rates at which events are

occurring over time.

As will be shown in detail later on, estimates of these rates can also be
used to build a model which can predict all the 1ong run effects mentioned
above. All the quantities of interest are generated fram the same model.
It is important, then, to see how successful this approach is when dealing

with postentitlement histories of disabled beneficiaries.

A first analysis of postentitlement ﬂistories of disabled rele beneficiaries
using stochastic rodels was made by Hennessey 5/. In that effort, an age
dependent, absorbing, semi-Markov (AASM) model was developed and shown to
have the ability to account for the postentitlement work patterns for

disabled males. However, seven years of data were used to estimate the

model, and the rates described above were not estimated.

In this paper the initial work is extended in several ways. The AASM model

is generated through the estimation of the rate functions for male beneficiaries
mentioned above. Exogenous variables are introduced into the rate functions

and the increase in predictive power assessed. The model is estimated using

an observation period of three and one half years and then tested by camparing

estimated and actual b@havior over an additional four year period.




The State Space

The analytic approach in this paper treats the postentitlement history as a
stochastic orocess defined over some state space. The state space is the

set of possible values or categories that a person can attain in the process
being studied. The focus is on a set of discrete categories representing pro=-
gram and work status, starting at the time of initial award of benefits and ending
with the tenmnination of benefits for this initial period of disability. Term—
ination of benefits can occur for three reasons: (l)'The beneficiary can be
terminated because the disabling condition has improved, sco that the definition
of disability is no longer satisfied; this is called a medical recovery. (2)

The beneficiary can be terminated because he has demonstrated the ability to
engage in substantial gainful activity (SGA), but the disabling conditions
remain severe; this is called a work recovery. (3) The beneficiary ray die.

It is worth noting that the two types of recoveries mentioned are based on
administrative decisions and that the available data do not distinguish

between them. Thus, for this analysis, two reasons for termination will be

possible, recovery or death.

During the initial period in the disability program, the work pattern is
important since this will affect the length of time in the program and since
the Work Incentive Experiments are aimed at modifying work behavior. Generally,
it is important to distinguish between various types of work situations, since
this could affect the work episode or subsequent episodes. For example, if

the monthly earnings are above SGA, then the beneficiary will most likely be
terminated from the program after campletion of the trial work period. If
monthly earnings are below SGA, termination will not occur. The way a

beneficiary enters and leaves a job may also be important. If he returns



to work for a previous employer, experience with the type of job and support
from previous friends on the job could provide a better chance for a work
recovery. If the work stops because of health reasons, as opposed to being
laid off, the suusegueni uuuwork episode would be lengthened. However, the
data available at this time permit only the distinction between working and
not working. Therefore, the state space for this analysis admits only four

possibilities in the cambined administrative and work process:

El: Recovered

32: Deceased

E3: Nonworking Beneficizry
E4: Working Beneficiary

A beneficiary - at time of award is assumed to be in state Ej. As time
progresses, he can switch between states E3 and E4 until he finally switches
to state El or Ez,
is over. State E2 is an absorbing state since, once a beneficiary enters
this state, he cannot leave it. Since our focus is on the first period of
disability, we shall designate state El as an absorbing state. When a
disability beneficiary reaches age 65, he is converted to the retirement

program. Since we are only interested in cost to the disability trust fund,

in which case the first episode in the disability program

all calculations will be done from time of award to age 65 or entry to state

E, or E,, whichever is first. Figure 1 describes this process.

1 2!



The Rate Functions

The proposed model attempts to make projections by accounting for the

rates of rovement from states E3 and E4 to the other states, as functions

of time, age, and other relevant variables. Hore precisely, for i=3 or 4

and j=1,2,3,4, j# i, we let Pij(s,t) represent the probability that a person in
state Ei at time s will be in state Ej at time t. For example, P3l(3’5)
represents the probability that a beneficiary who is not working at time 3

is recovered at time 5.

We define rij(t) as the instantaneous rate of transition from state Ei’
i=3,4 to state Ej' j=1,2,3,4,j#i, at time t. This rate, rij(t), is the
limit, as At approaches O, of the probability of a change fram state Ei

to state Ej between times t and t+At, per unit of time:

r..(t) = 1lim P,. (t,t+At
1] At>0O —J-'J'—At———)' (1)

Intuitively, this represents the instantaneous rate of flow from Ei to Ej

at time t.

These rate functions can be considered the "atoms" of the process since

no matheratical restrictions are placed on them other than the fact that
they are nonnegative. All other quantities are derivable from them.

First passage probabilities are of special interest. First passage prob-
abilities are the probabilities that various events will take place within

a certain amount of time. We define Aij(t), for i=3,4 and j#i, to be the



prcbability that a person, who enters state Ei, will next switch to state
Ej within t time units after entering Ei' For exarple, if i=3 and j=4,
then A34(t) is the probability that a beneficiary will make a work attempt

L 3 4 =t —~—— 3 - — PR
scaaetisme within tho non ©otisme wnits.

The relationship between the first passage probabilities and the rates can
be shown as follows. Let Ai(t) represent the probability that a perscn who
enters state Ei at some time will leave that state within the next t time units.
That is,
A
B.(t) = ] A,.(t)
i 5=1 ij
j#L

It follows from the definition of Pij(t,t+At) that, for small At:

Pij (t,t+at) = {Aij t+At) - Aij (t)}/{l—Ai(t)} (2)

Thus, from formulae (1) and (2), we obtain:

B0 =7 T2, ()7

= lim A, . (tHAE)-A, . (L)
ij ij . 1
A0 [ it ] &, (0
or
rij(t) =a.(t (3)

l—Ai(t)



() = A{B(t), is the density function for Aij(t).

where aij

To solve lov Aij(L), foriuala (3) is first summed over j, tc obtain:

§ a; (t)
r.(t) = r..(t) = -0
i j=I ij 1 Ai(t)
J#L
where
ai(t) = Ai (t)
Thus,
t t ai(s)ds / . '
0 ri(s) as = 0 ’i:—;;?g)- = -log .\‘l - L-i(t)’;
or
2.(t) =1l —-e@ | - r.(s)ds (4)
+ \ o * )

Thus, from forimlas (3) and (4),

t
aij(t) = rij(t) exp (— [0 ri(s) ds (5)
and so
(t / u \
a,.(t) = .. {(u |- .
13( ) }0 rlj(L) exp \ . r,(s)ds du (6)

Therefore, a specification for the rate functions corpletely determines the

first passage probability functions, Aij(t).
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The rate functions can be rade as simple or as carplex as desired, guided
only by the underlying corniceptual structure and the availability of data
to estimate the structure. In their most general form, they will depenc
on different types of variables. We shall call them static, clock,

stochastic, and linkage variables.

A static variable is one which doesn't change over time, such as sex, race,

diagnosis of primary disabling medical condition at time of initial award.

A clock variable is augmented as a nonstochastic function of time. Age at

entry to a given state is one example.

A stochastic variable is one which changes randamly over time according to
sane process exogenous to the process being modeled. In the current context,
variables such as the severity of the irpairment of the beneficiary and

the beneficiary's local labor market conditions are examples of pcssible

relevant stochastic variables.

The fourth type of variable is so named because it esteblishes the linkage
between the past, present, and'future of the process. A linkage variable
is one whose value is determined by the past events of the process being
modeled. For example, the rate functions describing a third work episode
might depend on the length of the previous nonwork episode, the length of
the previous work episode, or the reason why the last work episode was

terminated.

In the Uork Incentive Experiments, three or four years of data will be

available. During that time, werk episodes beyond the second will rost
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likely not be cbserved. Even second work episcdes will, quite likely,

not be campleted during the observation period Thus, it may not be
possible to establish or estimate a camplex linkage. Also, no stochastic
variables useful to this analysis are available. It would be of interest
to know how well a model with only static and clock variables can make the
type of predictions desired with three or four years of data. In the

literature, this is called an age dependent semi-Markov model.

The Data

In ordar to test this model, a data file was extracted from the Social
Security Continuous Disability History (CDHS) Sample. The CDES is a
longitudinal data file. New applicants for disability insurance benefits
meeting the selection criteria are added to the file each year. Through
annual updates, the file is extended to accumulate new earnings and

entitlement data for each applicant. 6/

The-data file for this analysis contains information on a subsample of
males from the CDHS who were entitled to benefits in 1969. There were
20,749 persons. This constitutes a 10 percent self weighting sanple of
the population. For each sample case, the following information was

obtained:
1) enth and year of birth.
2) Diagnosis of Primary Disabling Condition =2t time of award 1/

3) Monthly Benefit Payable - the mnonthly benefit paid to the
e
beneficiary after adjustments for supplemental redical

insurance benefits , decided at time of award.
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4) Quarters of Coverage patterns, for each year fram 1967 through

1977, if available.

5) Self-employment quarters of coverage (0 or 4) for each year,
1967 through 1977.

6) Agricultural Wages for each year, 1967 through 1977.
7) Date of Award of Benefits

Using the data iters (4) through (7) =z postentitlerent history is corputed.

Each history tzkes the following form:
{ Tor Xor Tyr XyreeeTr X } (7)

Since the CDHS records quarters of coverage on a quartefly basis, it was
decided to measure time in quarters, with t = O on January 1, 1969. TO
equals the time of award of benefits. XO is the initial state in the
program, which is state E3. Fram then on, whenever the perscn switches
to a new state, the time Ti' and the new state, Xi' are recorded. This
continues until the person enters either an absorbing state, El or E2, or

the end of the data file is reached on December, 1977.

Using the CDHS to ascertain actual labor force status of beneficiaries at
a particular point in time is prcblematic, given the fact that the data
contain only quarters of coverage, i.e., posted earnings of $50 or more
for a given quarter. Investigation of folders of beneficiaries have in-
dicated that a posted quarter of coverage does not always correspond to a

quarter of work. For example, it may represent late pay or sick pay. Some-
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times it represents sheltered work or some situation where substantive services
are not performed. The Social Security Administration dces not consider these
situations as work attempts. This difficulty is campounded by the fact that,
for annual earnings from self employment, the person is given either 0 or 4
quarters of coverage each year. Also, for annual earnings fram agricultural
work, only the number of quarters for that year is recorded. Other earnings
are reported annually, not quarterly. And so, the actual pattern of quarters
of work for the year is not known. In the data gathering scheme for the Work
Incentive Experiments, this problem will not occur. However, for the CDHS data,

the following decisions were made to construct the postentitlement history:

1) To cdmpute the quarterly pattern of work for each year, following

date of award:

(a) Compute the quarters Of coverage fia: seli-aplovrment. This

is either C cr zll 4 quarters.

(b) If (a) gi&es all 4 quarters, then assume he has worked all
year. If not, compute the quarters for agricultural wages

as follows:

If agricultural wages ($) are less than $100, then no
quarters worked.

If 100< $<200, then third quarter worked.

If 200< $<300, then second and third quarter worked.
If 300< $<400, then seccnd, third, and fourth quarter
worked.

If ¢ 3_400; then all 4 quarters worked.
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(c) Superirmpose any quarterly pattern from other wages cver the

abcve.

2) If the cuarter at+ tirme of award now indicates that the person is
working, it is assumed that this comes from artificial sources
and is not real work. Therefore, this quarter and all consecutive
quarters of work are changed to nonwork. For example, if the

quarterly pattern fram time of award looks. like
Wy, Wy W, Ny Ny W, W, N,
where W means work and i means nonwork, this is converted to:
Mo By Ny M, N, W, W, Myl
3) From this quarterly pattern, the postentitlement history in formula

(7) is constructed.

Clearly, these are crude adjustments and therefore, the predictions here are
not to be construed as accurate predictions about the program. However, it

was decided to be sufficient for this test of the model.

The First Monwork Ipisode

Since everyone starts in state E3 at time of awarc, this episoée is investigated
first. We wish to corstruct a model of the rates of leaving state 33 for

states El’ EZ, and E4 which will capture, as much as possible, the actual

rates. This model will consist of certain functicnal forms for r3j(t),

j=1,2,4, with a nuwber of parameters to be estimated in each form. There are
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two issues present when chocsing these functions. First, ve must understand
the basic shape of the actual rate functions; and, second, we rust understand
how the actual rates differ by exit state, j=1,2,4 and by different
subpopulations, who might exhibit different rates. In order to do this the
actual rates for different subpopulations are computed and graphed. To
campute the actual rate, r3j(t), of leaving state E3 for state Ej’ at time

3
to t is divided by the number of people in state E3 at time t-1.

t, the number of beneficiaries who switch from state E. to Ej rom time t-1

At first, the population is divided into 3 groups, based on the monthly
benefit payable at time of award. The groups are: $0 - 149, 150 - 249,
and $250 or rxre. . Each of these groups is further subdivided by age.
The age groups are: 18 - 30, 31 - 45, 46 - 65. For each of the nine
subpopulations, the graphs for the 3 rates of exit from state E3 were
drawn. Since there are many graphs to consider, we present only typical
examples of the results. Figure 2 contains the graphs for the middle
monthly benefit group, all age groups. The graph which describes the
rates of return to work for the three age groups, suggests that the rates
for each age group have the same basic shape, but are shifted vertically.
The more erratic behavior of the graph for the young age group could be
due to the smaller size of the group. In the middle benefit group, 363
beneticiaries in the young age grous, 552 beneficiaries in the middle age
group, and 1,515 beneficiaries in the old age group return to work. The

death rates and recovery rates show the same pattern.

If the recovery rates, ceath rates, and retwrn to work rates are campared

to each other, there is also a similarity to be noticed. They all seen

to possess the same basic shape--high at the beginning and then tapering
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off. However, they seem to differ by rcre than some vertical shift. The
death rates, for exarmple, exhibit very little decline after the eighth
cuarter. The recovery rates, on the other hand, show a severe drop off

“ram the eighth to the sixteenth quarter. The decreasinag trend cculd be

due to the fact that we still have a heterogeneous population with regard
to the rate functions. This means, for example, that the middle benelit,
old age group actually consists of two or more subgroups, each of which
have different rate functions. The subpopulations with the higher rates

will exit from state E. in the earlier times, leaving those subpopulations

3
with the lower rates dominant in the later times. Hence the overall rate
will decline over time. It may be the case, however, that all subpopulations

actually have declining rates over time. 8/-

To further investigate this phenomenon, the middle benefit, old age group

was divided into categories based on the diagnosis of primary disabling

condition. These categories are the type that are often used in cther
studies. The categories are: Circulatory System, lMusculoskeletal System,
Mental Disorders, Accidents, MNeoplasrs, Respiratory Systes, and all others
corbined. The grephs for the categories of Accidents and Neoplesms are
resented in Figure 3. Again, the rate functions for recovery and return
to work suggest the same pattern as before. The death rate for neoplasms
is also similar. But, the dezil. rate for the accident group seems to have
an increasing trend, which suggests that same of the decreasing trend in
the overall population rates is due to population heterogeneity. On the
other hand, the differences in rates among the subpopulations is not a

point of the analysis. The main purpose is to accurately account for the
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total population. The differences in the shapes of the rate functions for the
different exit states are enough to decide that separate estimates are needed
for each exit state. But, separate estimates for each subpopulation may
be unnecessary wid eveil caraging to the predictive accuracy for the whole
population, because of the decrease in sarple size of each subpopulation

each time we subdivide the total population into more categories.

To investigate this vhenamenon and to test the predictive accuracy as well,

we shall assure that we only have the first 14 quarters of observation,

beginning in January 1, 1969. This 3% year period also more accurately
reflects the length of the observation period for the Work Incentive
Experinents. A1l decisicns shall be made based on the data from these

14 quarters. The estimates will be computed for each monthly benefit
group since they will be needed later to estimate costs. The predictions
of the first passage probabilities, A3j(t)’ will be camuted, using formula
(6) , and campared to the actual data, since this is a quantity of interest.

Ilore specifically, the following strategy will be employed:

For each monthly beneiit group,

1) Canpute estimates of the rate functicns fra: state E3 to all
other states for the tctal population, using the first 14
quarters of data; this will be called the Total Population

rocel.

2) Repeat part one separately for each age group, then average

the results to form the Age liodel predictions.



18

3) For the middle benefit, old age group, repeat part cne. Then
estimate seperately for each diagnostic group. Average the

results to form the Diagnostic Model predictions.

4) TFor all models, compute the first passage prcbabilities from
state E3 to all other states for 7% years, by year, and compare

to the actual data.

Estimating the Rate Functions

As mentioned above, a function for r(t) is needed that can capture the
basic shapes in figures 2 and 3. The analysis so far suggests that the
same functicnal form might serve well to model all of the rates for all
subpopulations. On the other hand, it should not be overly camplicated.
The one chosen is a cambination of a number of those found in the

literature: 9/

(t) = exg[r+atrylog (£+1) (8)

The exponential function is used toc guarantee positivity of the rate
fucntion. The constant term o can allow for the vertical displacement
observed in the actual rates. The two terms, 8< and yZog(t+l), can com—
bine together to create large values for the rates for small t. Also,
when t is large, Bt will dominate to create a linear type trend for large
t. Since testing various functional forms is not the focus of this work,
and since this form allows a decent amount of flexibility, formula (8) is

used for all rate functions, with the condition that, if a coefficient is not
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statistically significant, that term would be eliminated and the simpler

form would be estimated and used.

The rate functions are then estimated using the method of maximum liklihood.
The likelihood, L, becomes the product of the probability densities of the
duration times for the initial nonwork episode of each individual. Fcr an
episode whose end is not cbserved, i.e., a right censored episode, the
probability that the episode lasts longer than the cbservation period is

included.

Thus, the likelihood function is:

4 14 . 14 M (1)
= T I . Nys (B) T 1-3,() 5 ] (9)
=1 t=1 234 )
i#3 J

where: Nij(t) is the number of persons having an episode in state Ei, ending

in state Ej, of duration t time units.

aij(t) is the probability density of such an episode, i.e., a first
passage probability density, defined in formula (3).

Ni(t) is the number of individuals with a right censored episode in
state E; with an observation period in this episode of t time units.
Ai(t) is the probability that a person who enters state E; at some
time will leave that state within the next t quarters, defined in

formula (2).
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In our case, i = 3, so we will érop this subscript and write:

4 14 N, (£) 14 LN (R)
L= I T oa,(e) ) T 1-A(L) 10)
J=L =L =1 ;
3#3

s usual, to simplify calculations, the log of the likelihood is maximized.

Taking logs, we cbtain:

4 14 . 14 |
logL=| ¢ ) i j(t) log a; (t)/) + ) N (t) log ;:‘l - A (tj./} (11)
J=1 t=1 ' t=
j#3

Wie replace aj (t) with fommla (5) and a(t) with formula (4) to cbtain:

4 14 o 14 .
) 7 - - - - ., _
logL= &t LN40 Jlegxy® =) rls)ds I (b J s
j=l t=1 =1
j#3
4 F 14
[ * ¢
= I 4 Ilvy®lesr @ -u( | r(e)ds
=1 | t=1 l 0
3#3

*
_ where ¥ (t) =

N oL(E) + (%)
=1
j#

W =1
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Another advantage to using rate functions now appears. If it is assuwed
that the rate functions, rj(t), kave no caxon parzmeters, then ezch one can
be estimated separately fram the cthers -- even with censored data. This,
in fact, was aone. rcr each exit state, and for each model described above
in the strategy, the rate functions were estimated, using a standard Newtcn-

Raphson technique. 10/

Carpariscn of Results

Table 1 presents the coefficient estimates for the rate functions for each
benefit group. The total population model (ALL) estimates are presented,
along with the separate estimates by age group. Table 2 presents the
coefficient estimates for the middle benefit group, oldest age group by
diagnosis of primary diéabling condition. It is worth noting in table 2
that, for the accicdent group, the R coefficient for the death rate is
positive and significant. This lends credence to our earlier suspicions

about heterogeneity.

“hese rate functions are then usad to carpute the first passage probabilities
from state E3 to all other states by year. The graphs appear in ficure 4.

In general, even the simple Total Population Model does a decent job of
predicting the first passage probabilities in most categories. It is not
surprising that the model does well for the first 3% years, since these are
the years which are used to estimate the model. The final four years are
projections beyond the cbservation period. The worst case is the probabilities
of death for the high monthly benefit group, in figure 4C. However, the

empirical data take a sharp turn upward after 3 years, which is just after the data use
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to estirmte the model. In alrost all cases, the Total Population Model
slightly underpredicts the probabilities at the beginning and the end.
These estimates improve with the Age Model, although the same pattern is

evident. This difficulty is, perhaps, a problem with the functional form.

In similar fashion, separate estimates were made for each diagnostic group
in the middle benefit, old age group. The coefficient estimates are presented
in table 2. The Total Population model for this group is the same as the

" Age model in the previous discussion for this group.

Using these estimates, the Diagnostic Mcdel is constructed for the middle
benefit old age group. The first passage prcbabilities for the Total
Population biodel for this ¢roup is compared to the Diagnostic Model in
figure 5. 2gain, sae irmprovement is noted, especially in the probebilities

to death.

Thus, it seems that estimating a mixture of rate functions, even thouch

the smaller subsamrles may cause the use of a simpler functicnal form,

(even constant in same cases), is preferable to estimating one rate function
on the larger sarple, in cases where prediction beyond the cbservation period

is important.

A Proportional Hazards Model

In general, estimating rate functions for each subpopulation of interest
will nct be a practical approach, especially if one consicders that this also

rmust be done for the work episodes. However, as noted before, figures 2
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and 3 suggest that, in most cases, the same rate function for the different
subpopulations are similar, except for a vertical type shift. The cne

notable exception is the death rates in figure 3. The death rates for

these individuals with neoplasms in the first few years is unusually high,
corpared to other types of disabling conditions. All others, however, seem

to follow the vertical shift pattern, and, therefore, suggest the possibility
of forcing the coefficients B and y cf the rate function in formula (8) to be
the same for every subpopulation and allowing only the constant a to vary across

subpopulations. This can be accamplished by writing:
r(t) = exp (@Xpra X +o.ba X + Bt +Y In(i+l)) (13)

Where Xl, X2,...,Xm are dummy variables for the different categories of age,
primary diagnosis, and monthly benefit. This is called a proportional hazards
model. 11/ Since all of the data are used to estimate each rate function,
more categories can be handled and so the number of age groups and monthly
benefit groups are increased. The new age groups are: 18-30, 31-45, 46-55,
56-62. The ages 63-65 are dropped since their future in the program is short.
Thus, their behavior might be different and bias the results. They could have
been modeled separately, but this is not done. The new monthly benefit groups
are: $0-100, 100-150, 150~-200, 200-250, 250-300, and larger than $300. All
categories are entered additively, with no interaction. The same maximm
likelihood estimation method is used, with the rate functions replaced with

the new forrula (13).
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Table 3 contains the estimates of the coefficients. The coefficient estimates
indicate the expected differences between age groups. For example, the

younger age group has a higher recovery rate and return to work rate than the

older group. The reverse is true for the death rate. It is interesting to

note that all the coefficients on the prirmary diagnosis variables for the

return to work fram the nomwork episode are not statistically sicnificant. This is
possibly due to the fact that the diagnosis of the primary disabling con-

ditions at time of award is not a good proxy for the severity of the

disabling condition,‘and it is the severity of the disabling condition at

time t that affects the rate of returning to work at time t.

Figure 6 corpares the first passace probabilities from state E3 estimated
fraa the propertional hazards inodel to the actual data for the whole
population. The model does an excellent job of projecting the first
passage probabilities of recovery past the 3% year cbservation periocd. It
does tend to underpredict the first passage probability to state Ez. The
actual proportiocn of beneficiaries who die befcre making a work attempt
or recovering within 7% years of their time of award of benefits is 33

percent. The model predicts 29 percent.

The model does a very good job of predicting the proportion of beneficiaries
who make a work attempt in t years. During the first 3% years - the
cbservation period - it does very well. In the subsequent years, the

rmodel slightly underpredicts the actual proportion. For exémple, the
actual proportion of bereficiaries who make a work attempt within 75 years

of award of benefits is 23 percent. The model predicts 21 percent.
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Figure 7 presents similar graphs for the first work episode. In this case,
all the predictions are very good. Most work episodes end by returning to
nonworking beneficiary status, as opposed to recovering or dying. The
actual propoition Wial celuwn Lo state E3 within 7% years is 72 percent.

The model predicts 72.3 percent.

Simulation of Postentitlement Histories

In order to understand the behavior of beneficiaries under the cifferent
types of program, quantities other than first passage probabilities need to

be predicted by the model. BAs was mentioned in the introduction, the model

should have the ability to predict the expected length of time in the
prograr:, the expected cost in family benefits, Medicare costs, etc. Cne
method for making such predicticns is to use the first passage probabilities
in a Mcnte Carlo sirmulation of the postentitlement history of a beneficiary
over his time in the program. By simulating a large nurber of conplete
histories, direct calculations will produce estimates of the desired
quantities. This method is appropriate since, closed form estimates for

certain important quantities, when camplex model structures are entertained,

are simply not available.

In order to test the present model in this environment, the rate functions
for the proporticnal hazards model, which were estimated with the first

3% years of data, were used to sirulate a history for each person for 7%
years, even if this was not the end of their time in the program. This
was done since the actual data ends after 7% years, and so all comparisicns

need to be limited to this pericd.
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For each individual, under the assumption that the process is seri-Markov,
cne simulated history is created as follows: The actual date of award of
benefits is used as entry time to state E3. The monthly benefit amount

is noted; the age at entry to E3 is camputed. A random draw is made from

a uniform, [Q,ﬂ distribution and compared to the first passage probabilities
for an individual in that age group, monthly benefit group, primary diagnosis
group, in state E3. This decides when the person would switch to a new state

and what the new state is. If the length of time for this even goes past 30
quarters, the episode is truncated at 30 quarters so as to compare with
the original data. If not, and the person is still younger than 65, and
the new state was E4, a new randamn draw is made and campared to the first
passage probabilities for an individual with the given monthly benefit and
primary diagnosis, at the new age upon entry to state E4. This continues
until the person enters state El or E2 or reaches age 65 or 30 quarters
are used up.

A nurber of quantities are camputed for both the real and simulated
histories. Some of them are presented in table 4. The average length

of time in states E3 and E4 and the average length of time in the program
campare quite favorably. For exanple, the average mumber of quarters in
the disekility program during the 30 cquarter period of observation is 17.32
quarters. The model, which uses only the first 14 quarters for parameter
estimation, predicts an average of 17.58 quarters. For those beneficiaries

who were awarded a monthly benefit between $200 and $249, the average length

of time as a working beneficiary during this 30 quarter cbservation period
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is .78 quarters. This small nurber is due in large part to the fact that
many beneficiaries never work. The model predicts .72 quarters. The model
does equally well across all age and ronthly benefit groups. 7ihe greater
discrepencies seem to occur when the sample size is small. In order to
campare the sequencing of events between the actual and sirmlated histories,
the mean number of work and nomwork episodes are tabulated by age and monthly
benefit groups. 1In all categories, the model slightly underestimates the
actual means. This is not surprising, in light of figure 6. The model
underestimates the first passage prababilities to work. This will create less
work episodes and subsequently create less returns to nonwork. It is also

possible that the linkage assumptions in the AASM model are at fault.

Honthly Benefit Costs

To campute realistic cost estimates of any type, more information would be
needed than is available from the CDES. Monthly benefit costs shculd in-
clude the entire family benefit. Projections for the number of children
receiving benefits ané the amcunt cf benefit would be needed. The wife's
benefit would need to be estimated. Medicare costs would most likeiy be
of interest. This information is not available fram the present data.

The only useful item is the ronthly benefit payable to the primary bene-
ficiary at the time of award of benefits. This is used to estimate the
amount of monthly benefit, in 1969 dcllars, paid to the primary beneficiary
up until the end of the cbservation period. The variation in this monthly
amount is due to the cost of living. 12/ Since we are corputing cost in
1969 dollars, the amount remains constant during the person's time in the

program. Therefore, we need only multiply the menthly benefit rayable by
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the nurber of months in the program during the observaticn period. This is
done for each beneficiary for both the actual history and the sirmulatec
history. Table 6 sumarizes the results. In all categories the model
estimates are quite good. For the total population, the cost per person
for the last four years, a pure projection, the model predicts $5,097.80

compared to the actual cest of $5,011.00.
Conclusions

The main result of this work is that this methodology should be an effective
tool for the analysis cof the Work Incentive Experiments. The model is

simple and straightforward. Even with no interaction terms, it does an

excellent job of making predictions for a reasonable time beyond the
ocbservation period. This rodel was estirated with data spanning a 3% year
observation period, which is similar to the length of time expected for the
Work Incentive Ixperiments. Lven though only a couple of long term pre~
dictions were made with the model, others are possible. For exarple, the
answers to all the questions described in the introduction are derivable.
Examples cf this type appear in the previous paper. 13/ This model also
provides a method for analyzing short term effects. An analysis of the
rate functions during the cbservation period can detect if any differences

between groups are occuring.

Thus, this model provides a unified approach to the analysis of the data,
has the advantage of dealing with the interdepencencies arong the various

outcames, and proves to be quite accurate in making long term predictions.

The work in this paper also suggests certain guidelines for a data gathering

strategy. As was mentioned earlier, it seems that mixtures of rate functions
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provide more accurate predictions than cne overall rate function, fThus,
every effort should be made not only to capture the actual sequencing and
timing of events, but also to gather the underlying details which would

possibly cause individuals to have different rates of occurrence of these

events. For exarple, whether the person is working abowve or below the

SGZ level may affect the rate of leaving a work episode. Since the
diagnosis of the primary disabling condition did not seem to work as a
proxy for severity of the disabling condition, perhaps some attempt at
monitoring this : stochastic variable over time should be made. Aall of this
information should help to improve the accuracy of the rodel and provide
good information sbout the different treatments in the Work Incentive

Experiments.
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TARIE 1.——Estirmates of coefficients of rate functions, r (t)=exp («+Bt+ylog (t+l)), for first
nornwork episodes; which describe rates of recovery, return to work, and death; by age and
benefit group; standard errors are in parentheses

Recovery Rates Death Rates Work Rates
Monthly
Benefit Age Sample a 8 Y a 8 Y a 8 Y
group group size
'-7.93 -.830  3.74° =3.23 -.048° 0 =-3.81 ~.17 .44
All.... 7,188 . 37y (.08) (.38) (.03) (.00) -—— (.10) (.03) (.13)
250 -6.27 -.80 3.99 =4.58 0 0 =-2.72 ~-.05 0
1e-30.. (.52) (.12) (.62)  (.13) —  -— (.09) (.00) -—-
$0-149
o -7.05 =.94 4.46 =3.75 0 0 -3.65 =-.26 .87
31-45.. 1,07 (.61) (.14) (.74)  (.06) -—  ——= (.22)  (.05) (.29)
-7.44 -,75 3.01 =-3.10 =-.05 0 -3.8 -.10 0
46-55.. 5,339 (.49) (.13) (.65) (.04)  (.00) === (.06) (.00) ===
-6.87 =.62 2.71 =3.82 0 0 =-3.50 =.29 .67
All.... 10,577 (.26) (.06) (.31) (.00) === == (.07)  (.00) (.10)
) -5.74 =.713 3.14 =5.11 0 0 =-2.59 =-.09 0
16-30.. 758 (.52) (.13) (.66)  (.16) — —— (.09) (.00) -—-
$150-249
) -6.66 =-.68 3.26 =4.26 0 0 -3.39 -.29 .84
31-43.. L7681 ( 4g) (.10) (.57)  (.06) -—= -—= (.1&) (.03) (.21)
. os -7.13 =.52 2.14 =3.70 0 0 =-3.63 =-.33 .72
46-55.. 8,058 (.37) (.09) (.47)  (.00) —— == (.09)  (.03) (.13)
-11.05 -1.48 7.30 =7.39 0 0 -3.15 =-.28 .si
All.... 3,004 () 53y (27) (1.44) (.22) === == (.12)  (.03) (.17)
o 211 -5.16 0 0 -6.95 0 0 =3.14 0 0
1€-30.. (.27) - - (.18) === e== (\13) == =e-
$250~- :
o co1 -6.06 0 0 -6.98 0 0 =-2.8 -.15 0
1-45.. (.26)  —-— -—  (.07) =— == (.12) (.00) -——-
o 5 0o 1236 -1.91 9.13  -7.58 0 0 -3.30 =-.40 .85
46-65 ’ (1.89)  (.45) (2.31)  (.05) —— e (.14)  (.04) (.22).
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TABLE 2.--Estimates of coefficients of rate functions, r(t)=exp (a+Bt+Ylog (t+l)), for first
nonwork episode, which describe rates of recovery, return to work, and death; for those
beneficiaries with a monthly benefit of $150 through $249, whose age is 46 through 65, by
primary diagnosis at date of award; standard errors in parentheses

Recovery Death Work
Primary Cample :
Diagnosis size a 8 Y a 8 Y a 8 Y
TOt&l..‘..o..o.... 8,058 -7.13 -052 2‘14 -3n7° 0 0 —3.63 -.33 072
(.37) (.09) (.47) (.00) — —_— (.09) (.03) (.13)

Circulatery...... 3,214 =7.80 =-.74 3.08 -4.50 =-.07 .68 =3.49 ~-.31 .61
(.72)  (.19) (.93)  (.17)  (.06) (.19) (.13)  (.04) (.19)

Musculoskeletal.. 1,067 =7.77 =.55 2.79 -4.88 0 0 -3.49 -.15 0
(1.10)  (.21) (1.21) (.10) — ———— (.12) (.00) ——
Mentally Ill 554 -6.70 0 0 -4.34 o] 0 -3.64 ~-.14 0
(.35) - ——— (.11) ———— ——— (.18) (.03) -
Accident.cececcee 411 -5.63 -.34 1.42 «-5.77 «139 (o] -3.82 -.47 1.54
(.85) (.19) (.59 (.40) (.04) —- (.37) (.10) (.51)
Neoplasm.sececoeoss 707 -6.25 (o} (o] -2.03 -,23 .87 -3.81 -.64 1.74
(.38) - - (.13) (.04) (.20) (.33) (.16) (.62)
Respiratory...... 847 -8.45 0 0 -3.73 0 0 -3.43 =.196 0
(.71) -— — (.07) - —_— (.15) (.03) ———
other.-...-oooooo 1,258 -7012 -062 2.51 -4.30 0 025 -3.78 -0474 1-22

(.90) (.23) (1.15) (.18) ——- (.09) (.23) (.08) (.35)
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~ABLE 3.--Estimates of coefficients for proportional hazards rate functions in formula (13);
standard errors are in parentheses

Nonwork. Episcdes (N=19,714) Work Episedes. (I11=2,166)
Working Non-working
Variable Recovered Deceased Beneficiary Recovered Deceased Beneficiary
Constant ~5.58 -11.29 -3.40 -4.78 -17.02 -2.79
(.31) (3.76) (.16) (.06) (.67) (.20)
Age: 18-30 2.37 - .70 1.07 .41 - .70 - .38
(.13) (.10) (.25) (.02) (.89) (.46)
31-45 - 1.99 - .18 .65 .54 - .38 - .26
(.12) (.05) (.21) ) (.01) (.36) (.22}
46-55 1.34 .09 .25 .20 - .08 - .07
(.13) (.04) (.27) (.01) (.26) (.18)
Monthly Benefit: ‘
$0-100 .17 7.48 - .48 .16 11.22 .37
(.22) (3.76) (.19) (.04) (.85) (.16)
10C-150 .11 7.52 - .62 .05 11.60 .29
(.21) (3.76) (.12) (.03) (.65) (.18)
150-200 - .01 7.42 - .42 .19 12.05 .38
(.21) (3.76) (.11) (.03) (.62) (.15)
200-250 - .72 6.34 - .48 .07 10.62 .51
(.23) (3.76) (.14) (.04) (.83) (.15)
250-300 -1.34 3.72 - .39 - .78 - .51 .76
(.26) (3.75) (.17) (.05) (1.00) (.14)
Diagnosis:
Circulatory - .63 .23 - .01 - .58 .56 .07
(.13) (.05) (.17) (.02) (.35) (.13)
fusculoskeletal .45 - .98 .06 .08 - 1.56 .03
{.11) (.08) (.35) (.02) (.94) (.24)
Mentally Ill -1.00 - .74 - .23 - .37 - .56 .15
(.15) (.08) (.31) (.02) (.78) (.37)
Accident .91 - .86 .37 .37 -10.50 - .19
(.10) (.11) (.37) (.01) (1.03) (.44)
Neoplasm - .33 1.88 .01 1.53 2.10 - .01
(.24) (.05) (.54) (.06) {.36) (.53)
Respiratory -2.21 .14 - .32 -1.25 .68 . 44
(.45) (.06) (.21) (.18) (.86) (.18)
T - .75 - .05 - .25 - .55 - .72 -1.02
(.05) (.01) (.05) (.00) (.26) (.07)
LOG (T+1) 3.55 .28 .57 3.34 2.72 3.43

(.24) (.07) (.25) (.05) (.83) (.21)
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TABLE 4.--Mean number ‘'of quarters spent as a nonworking beneficiary, working beneficiary,
and mean number of quarters as a beneficiary, during the 30 quarter period, by monthly
benefit group, by age group; actual and proportional hazards model estimate

Meantime as Meantime as

Monthly Number nonworking working Meantime as
benefit Age of beneficiary beneficiary beneficiary
group group cases Model Model Model
Actual estimate Actual estimate  Actual estimate
18-30 266 14.34 15.02 2.39 1.31 16.73 16.33
$0-99 31-45 284 16.48 16.20 1.22 1.00 17.70 17.20
46-65 1,311 14.52 14.75 .65 .41 15.16 15.16
Total 1,861 14.79 14.75 .98 .63 15.77 15.64
18-30 483 13.14 14.65 1.71 1.39 14.85 16.04
$100-149 31-45 795 15.23 16.29 1.07 .72 16.30 17.01
46-65 4,029 14.19 14.52 .48 .40 14.67 14.92
Total 5,307 14.25 14.80 .68 .54 14.93 15.33
18-30 472 I5.53 14.85 1.90 1.44 17.44 16.29
$150-199 31-45 1,224 15.52 16.06 .92 .99 16.44 17.05
46-65 5,697 14.36 14.61 .53 .47 14.89 15.08
Total 7,393 . 14.63 14.87 .68 .62 15.31 15.48
18-30 285 16.35 17.61 1.57 1.88 17.93 19.49
$200-249 31-45 536 20.08 19.65 1.27 1.02 21.35 20.68
46-65 2,363 19.74 20.33 .58 .51 20.32 20.84
Total 3,184 19.49 19.97 .78 .72 20.28 20.69
18-30 122 19.91 20.26 1.99 2.46 21.90 22.72
$250-299 31-45 518 23.35 23.21 1.08 1.29 24.43 24.51
46-65 2,132 24.23 24.63 .74 .67 24.97 25.29
Total 2,772 23.88 24.17 .86 .86 24.74 25.03
18-30 88 19.14 15.32 2.30 2.61 21.43 17.93
$300 or 31-45 73 18.18 17.66 2.52 1.86 20.70 19.52
more 46-65 71 11.55 21.59 2.56 1.32 14.11 22.92
Total 232 16.51 17.97 2.45 1.98 18.96 19.96

TOTAL 20,749 16.55 16.92 .77 .66 17.32 17.58
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TABLE 5.--Mean number of nonwork and work; episodes during the 30 quarter period;

by monthly benefit group, by age group; actual and proportional hazards model

estimate
Mean number of Mean number of
Monthly Numbex nonwork episodes work episodes
benefit Age of Model Model
group group cases Actual estimate Actual estimate
18-30 266 1.35 1.21 .85 .41
46-65 1,311 1.14 1.10 .19 .15
Total 1,861 1.22 1.13 .33 222
18-30 483 1.40 1.24 .65 .44
$100-149 31-45 795 1.27 1.17 .40 .27
46~65 4,029 1.12 1.09 .17 .13
Total 5,307 1.17 1.12 .25 .18
18-30 472 1.49 1.29 .75 .51
$150~199 31-45 1,224 1.24 1.22 .40 .36
46-65 5,697 1.15 1.12 .21 .18
Total 7,393 1.19 1.15 .27 .23
18-30 285 1.41 1.36 .67 .61
$200-249 31-45 536 1.33 1.24 .50 .36
46-65 2,363 1.18 1.14 .24 .18
Total 3,184 1.23 1.18 .32 .25
18-30 122 1.53 1.57 .77 .75
$250-299 31-45 518 1.38 1.38 .47 .44
46-65 2,132 1.27 1.25 .32 .27
Total 2,772 1.30 1.29 .37 .33
18-30 88 1.59 1.43 .36 81
$300 or 31~45 73 1.51 1.21 .77 .49
more 46-65 71 1.34 1.23 .66 .34
Total 232 1.49 1.30 .77 .56
TOTAL 20,749 1.21 1.16 .30 .23
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TABLE 6.--Average monthly benefit cost, by monthly benefit group, by age group, for first
3% years, for last 4 years, for total 7% years; actual and proportional hazards model

estimate
Monthly Number First 3% years Last 4 years All 7% years
benefit Age of Model Model Model
group group cases Actual estimate Actual estimate Actual estimate
18-30 266 $1,826,80 $1,878.90 $2,111.40 $1,966.50 $3,938.20 $3,845.30
$0-99 31-45 284 1,836.20 1,903.10 2,266.80 2,051.30 4,103.00 3,954.40
46-65 1,311 1,996.10 2,059.70 1,650.30 1,576.00 3,646.30 3,635.70
Total 1,861 1,947.50 2,010.00 1,810.00 1,704.20 3,757.50 3,714.20
18-30 483 2,673.50 2,898.10 2,838.80 3,068.70 5,512.30 5,966.70
$100-149 31-45 795 2,883.80 3,110.60 3,321.70 3,383.30 6,205.60 6,493.90
46-65 4,029 3,115.00 3,218.40 2,501.70 2,465.50 5,616.70 5,683.90
Total 5,307 3,040.20 3,173.10 2,655.20 2,657.90 5,695.40 5,831.00
18-30 472 4,150.80 4,099.30 4,926.50 4,339.30 9,077.40 8,438.60
$150-199 31-45 1,224 3,873.30 4,173.00 4,547.90 4,588.00 8,421.30 8,761.00
46-65 5,697 4,180.80 4,269.70 3,482.20 3,479.30 7,663.10 7,749.00
Total 7,393 4,128.00 4,242.80 3,750.90 3,717.80 7,878.90 7,960.60
18-30 285 5,459.90 5,904.90 6,469.90 7,079.80 11,929.80 12,984.70
$200-249 31-45 536 6,214.10 5,846.90 3,102.70 7,974.80 14,316.80 13,794.70
46~-65 2,363 6,609.10 6,347.00 7,107.00 7,697.40 13,716.10 14,044.40
Total 3,184 6,439.70 6,223.20 7,217.60 7,684.20 13,657.30 13,907.50
18-30 122 7,745.70 7,781.10 10,135.70 10,723.40 17,881.40 18,504.40
$250-299 31-45 518 8,125.70 8,090.50 11,886.20 11,977.40 20,011.90 20,067.90
46-65 2,132 8,345,20 8,346.20 12,142.20 12,382.10 20,487.40 20,728.30
Total 2,772 8,277.80 8,273.50 12,006.00 12,233.50 20,283.80 20,507.00
$300 1830 88 9,457.30 8,888.40 11,762.60 9,103.20 21,219.90 17,991.60
or 31=45 73 8,217.90 8,668.30 12,014.90 10,979.70 20,232.80 19,648.00
more 46-65 71 6,211.80 8,602.30 8,029.10 13,751.20 14,240.80 22,353.50
Total 232 8,051.70 8,729.40 10,676.70 11,148.30 18,728.40 19,877.70
TOTAL 20,749 4,608.70 4,663.10 5,011.00 5,097.80 9,619.70 9,760.90




E 3-Nonwork1ng beneficiary E. -Recovered

e > e

’

i )\

\/' - >"_ ® E_-Deceased

E4-Working beneficiary 2

FIGURE 1.——Flow Between States During Initial Episode in Disability Program

36



37

SYUIAD n

LA o » A
o T t T

L ST,

AP e e

+
v 0™
DN L L LT

*(g9-9y) dnoab abe pyo pue ‘(Gp-1¢) dnoab sbe aTppTw ’(0E-8T) dnoib sbe Bunok I03¥
' (6pz-0GTSs) dnoad 31jauaq A1yjuom a1ppTw 103 82388 13YI0 O3 HIOMUOU WOIJ 63YIIIMS 103 SUOTIDUN IIBY--‘7 FUNOIJ

-“vr

.
LT LA LT YPVY (LTS

e
" e

CTTE LY
'

=

dACED 2DY QIO occee
dAPTS I JITNW = = =

AN DOV VAV,
PLICB XUOM 04 NINLDY

B adl

3 ‘.
SO

$3I22¥VAD .

* U | 4
o ¥ N T v
...ll.a.-u- f-:.
A\ A .
Y “ .....fl..
S
lOl.
. 1 . J00°
[)
?
’
[/
i
! - et
i
. !
s R P '
£ M had LY '
S e [} - sve-
5 dNETO DY QI s oo N !
m POYI I 2 AW - - = ;rL
ol i SPPUD IV INAS, ——
£31ve Ay
+ eee-
dPPFD 25y Q20 ..
AP IS 3190w - ~ ~
antys Iov snvney
SV HivIe

23 ‘3




*stsoubetp Aq ‘(G9-9%) dnoib
abe pro ‘(6¥Z~0ST$) dnox8 31jsuaq a1ppIW 103 6238JS 19YJ0 O HIOMUOU WOIJ S3YIITMS 10J suoTIdUNY 218y-~"¢c HUNIII

©
™ 3¥313yne ot A o LU o 3 .
»
[
- 10
~t
]
'
[ | ad
|
[ | -
- ¢
.. (
v !
!
1 i
v
4
wivNIIN - — — N
AnDA1 3DV ] $se
DAvd AFera 01 wININY "
]
l%..
Ld
»
-
N
SALIVNE % s or LA b P |
\j + T L 5 \ g + \
S¥ILYVAD ot »~ o~
300+
r?.
”"o-
-
’ — . b N0
) ] .
’ ' i :
¥l ]
! .— i . wIrNeIN - -~
.\\) e _-80. AMINIY e
ol $24v3 AuIAIIL oo
/( AN ? _f!c
l-. -s [}
kY] a- o
(] [} \\tl \ll— —
v oo 1 a0 - eco
WYY -~ ~ ws \ )
AWITY ! L oo¢*
sy1¥3 NAVIQ _e\.. | » v
\ For 3 »
v N o
\ .
1/ ] .




39

*(6PT~-0$) “dnoab 3TI2USQ MOT

tsyopom aSe

1IN P ~ -~ -
V9e0y dod WAL
IVNAIY v o
#iw30 02
AN OOTS POUctVL 4sWid

SIVIL ¢ ¢ ° 9
t v t n-M W M M ! py
VI I - - - .
VO 04 VIS0h — -
WWNLIY e e o
AFem o4
ALNRYUOFL SowssVe A3WIS
o !.
18
- FQ.
p a-
Y
b € 13 ' oL 3¢ ¢ 9 s . s 3
4 T L ] ¥ 14 LA L  § v ¥
1+
$ -
IeONW IO -~~~
Pal 1900w god Wi0L —
WNALIV e e
A¥Inerrn O
ANWEVOIZd IOVSIWd LSWId
- ot°
i
~— — I T

pue uorjeyndod (e3l03 a2yl wolj sa3BWIIED (6238318 12YyjOo O3 }Iomuou wWoxJ 8a13TTIqeqoad 88wssed 3IsxTI--'V{ FUNOIJ

- 10°

L ve-

- 0

4 po




savap

L ool
$+

SHV2A

" (672-0ST$) ‘dnoa8 j1yauaq aypprw
pue uotjefndod [e303 3y3 wolj sajewIIsa {823I®IE I3YJ0 O3 HIOMUOU WO 83TIT[1qeqoad 98®ssvd 3IBATI--'Gy

NN I - -~
1PONY YO WAL ———
WAIIY eeo
wivaa oa
AsrwEYOONg DIVSSVE M3V

1

fg1apom ale

-<d

WNOTA

t 9 Ed » < T '
$ 4 + $ ' + +
PY -ﬂ-.
aew Y - ~o
Weow 4od Wi0s —
WL oo T
Xyom Qs
Anaveoby 2svsshe suid
-
o ::.
== | 4
— = 3
*
]
[ T
Y t L3777 L ) s
Al‘.
EY . 4
a0 AW . - — |
W00 4od Wi0f —
ALY .
{ 5o A¥IA0D2Y O
. ALrnoveoxy 20ovssvd iSuid
- ’.
...bﬁ.

- s00-

bl

Tce




*(oa0w 10 QGz$) ‘dnoxb jtyousq ybry fsTopom a8w

~ pue uorjeindod 1e303 B8Yy3 wWoiy saIBWIISI {833®IS I13Yyjo 03F lomuou wWo1j 831IT[Iqeqoad a8essed I8AT4--"0F TYNOI1A
4 !

Savap ¢ ? s » € T . ]
v 1 L4 v v L L |
l“-o
IR0 DY - ~ -
V1900 ‘dod YWIOL
YVOLIY * oo 'y
xForm o2
Anworpers »ovssed sswid
rbﬂ.
—
o — .olr -—
[
- ot
4 ? 3 » 3 13 { T [ TR )
4 t A § r \lq + t
K A
-3
|~..
o
- ’..
[ J - ® [ ®
- - -
il
%00 POY - — - el
0 VIO gAd VUL
YORLIW v 3300w 750
24v3Q 01 -
. o 1I00W ‘dod W04 —— ad
AL nBPOIS PYVsSVe ASUId V0NLIY ce e
AFPn0023 04
IVLINO YUY BYPSSVd ASUId




42

*(59-9%) ‘dnoab obe pto ‘(6¥Z-0ST$) ‘31jauaq afppIm 3yl I0oy [apom dIjysoulerp
pue (aopou uorjeindod 1e303 WOl S2IEWTISI {83]BIS 13Yyjo O3 jiomuou woxy €3131[Iqeqoxd o3essed 38aTi—-° G FUNOIA

3127 S 9 5 » 3 F !
L4 L v 4  § v
t+er
QW WNASOVNDPING - - ‘
V19000 g0 VWI104
B J‘eot seme Lf!a
NFom 04
Asrww a8y doysshda s£5W14
.
—_——
e
. & .
e ©®
19¥3 ) { ] s [ $ b [
v 2 v ¥ L J

VIO NIZOWNIYNIQ - - -
MOty I Wi} e

WNUIY G0 - e
v ey
AL90098 4 2SUSSUG 4SS
- ’.
-
L ,.
V90 0w W ISONWNIQ - ~ ~ Lo
- 03

T30V ‘gbd WA0Y e
IVNUADY 00
ATIN0O2y o4
AsrwovRey 4 I9v<SVe ASWS




* {2pom spiezey ijeuotizodoad ayj woxy ajewTISd ‘82388 13Yl0 03 >IOMUOU WO} 891311 1qeqoad aB8essed 3I81TJ--'g HUNIIJ

<
SIVIL ¢ ? S h < L !
\ t g 1 t 1 -t
I
('] nrﬂo.
’\2-
Y004 ——
WNLIY co®
wyom 04
A400QVOORd 29vssed A3Ud - o
. L 30
° - e
[ J
P o
$w
SIIA ¢ ? 5 b € T ' swap ¢ 2 4 °
¥ v L4 v v ? 1t m +
a3 a-
4 I“.-
§ eeo
0w ——
Mty —— %Toﬂ. WVALOIY c e
.;HE....“ ece A¥Ined3y o4 - to
Vivea ed AL WIVOITS IWVSSVL t3Wid
A4NOVROYS DOVsSWad A3 WS s
rd. PSS | r $- e
la.
[ J
®
il
i l




M.amvoa spiezey jeuotjaodoad ayl woxj 23IPWIIEd ‘6331BIS I3YJO 0 HI0M wWOI} goryrr1qeqoad afeseed 3sx14--"L TUNOIL

¥ A

VIO ——
FONADIV v
XYM ON 04
ALwBrOond 29vssvg g

o—~a 8 [ [ ] [ ]
Sywrh ¢ 2 3 A t 13 ' 1377 Y S ’ 9 »
L v L v v ¥  § \ v v v L
10
1900 ——
YOnLIV o0
hivsg o4 L eo
ANNONRODE YOU33¥g 1S4
[ T
° ] [ ] d IINLIY co
e O g . AVRAOIN o4
-€0 ANNBVEoae 2ovssve aswd
o @ ) ® o
= \‘.




Footnoctes

For details, see "Disability Insurance Werk Incentive Ixperiments:
Project Statement", SSA/OP/CRS/DDS, iarch 1982

See Charles Mode, "Algorithras for a Stochastic Model of Human Fertility
under Contraception", Mathematical Bicsciences, 38:217-246 (1978) and

the references.

See NMancy Tuma, i“ichael Hannan, and Lyle Groeneveld, "Dynamic Analysis
cf Event Histories", American Journal of Sociology, 84:820-854 (1979)

and the references.

Christopher Flinn and James Heckman, "Mocels for the Analysis of Labor
Force Dynamics”, unpublished manuscript, 1980, University of Chicago.

John Hennessey, "An Age Dependent Absorbing Semi-Markov ifodel of
Postentitlement Work Histcries of the Disabled Beneficiaries", Social
Security Administraticn, Cffice of Research and Statistics, Staff Paper
tle. 38, 1980.

For more details, see Continuous Disability History Sample, Restricted

Use Data File: Descripticn and Documentation, Social Security Zdministration
Office of Research and Statistics, Pub. io. 024 (1-78).

This code is based on the International Classification of Diseases,
Adapted, Eighth Revision.

In James Heckman and Burton Singer, "The Identification Problem in

Econametric Models for Duration Data" , in Advances in Econametrics,

edited by W, Hildshvand, Camhvidos Tmiversityy Press, 1982, this

issue is discussed in more detail.

See footnotes 3 and 8.



This technique is described in G. R. Walsh, Methods of Optimization,
J. Wiley, 1975.

This model is used quite often in survival analysis where rate

functions are called hazard functions.
Actual benefits paid could be reduced if the person is receiving
money from certain other federal programs. This information is not

available and will not be taken into account.

c. £f. footnote 5





