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Abstract

This paper analyzes mobility rates for black and white men using life

history data on intragenerational mobility. Mobiltty is linked, in this

paper, to the process of occupational achievement. It is argued that job

mobility is generated by persons' attempts to maximize their status and income.

Since opportunities for better jobs will be fewer the higher the occupational

achievement already obtained, the rate of mobility will depend on time. The

mathematical formulation of this time dependency is derived from a simple change

model for the occupational achievement process. With this formulation, a

redefinition of time is possible and job shifts in the redefined time scale

can be described by a Poisson process. One component in the formulation of

a realistic and theoretically meaningful stochastic moqel of mobility is then

obtained. The empirical analysis indicates that the proposed model describes

reasonably well the observed change in mobility r~tes over time.
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THE STRUCTURE OF INTRAGENERATIONAL MOBILITY

Introduction

The distinction between intergenerational and intragenerational mobility

is commonplace in research on social mobility. It is a distinction that ap

parently does not separate two equally important forms of mobility. Studie~ of

father-son mobility clearly dominate the field. This emphasis seems easily

justified. Intergenerational studies speak to a dominant concern of Western

societies: the concern for equality of opportunity. The degree of "openness"

of societies, as measured by father-son mobility rates, is generally held to

be a major characteristic of societies. Svalastoga (1965) even constructs a

typology of stratification systems based on the rate of intergenerational

mobility.

Despite the prevalence of intergenerational studies, it can be argued

that it is essential to study intragenerational mobility in order to achieve the

objectives of mobility research. This is so even given the descriptive pur

poses that dominated early mobility research. The positions of fathers and

sons in the social structure that are compared in measurement of the "openness"

of societies are not fixed attributes of individuals over their lifetime.

Rather all available evidence indicates a considerable mobility over age in

industrial societies. Furthermore, a person's position seems to be systemati

cally related to his age. The results of intergenerational mqbility studies

will therefore depend on the ages of fathers and sons used in the comparison.

Some attention to patterns of intragenerational mobility is needed in order

to obtain precise measurement and ensure comparability between different

studies.
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The need for intragenerational mobility data is even more apparent when

the obj ective of research is causal analysis of mobility. A traditional dis.

tinction separates two sources of mohility: structural and individual ..

Research has rather sharply diverged accord'ing to which set of c,ausal forces

at:e analyzed. However, the causal analysis of both profits from' the use of

intragenerationaldata. This is to some extent alr:eady reco:gniz;ed in resear,crt

on the effect of individual attributes on status' that has come to he known'as

status attainment research. The causal models so suc'cessfully employed in this

research use status obtained as the dependent variable. This status depends

on a person's age, and already Blauand Duncan's (19-67) pioneering

study- introduced status of firs t job in their analysis, and some analysis was

done on ,age-variation in the process using synthetic cohorts. This work has

subsequently been extended by Kelley (1973) and Featherman (1971), and in the

research by Sewell and as's'ociates (for example, Sew'ell and Hauser, 1974) on'

a panel of Wiscons,in youth. Although status attainment research shares' the

concern for equality of opportunity with traditional intergenerational mobility

research, it is apparent that the research questions, asked are intrageneration

al in nature, for they are questions about what determines a person's status

(with special emphasis on the influence of the origin),and a person's status

will vary over time.

The analysis of the occupational achievement process found in status

attainment research does not satisfy those who insist that there are important

structural features of soc'iety that influence the process hywhich a

person obtains a certain position in society. The ,existence of "barriers" to

mobility and the influence of supply and demand for positions in the social

structure are largely ignored in status attainment research. Direct analysis

"
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1of mobility patterns seems needed. Again the proper data source for an

analysis of these structural causes of mobility would seem to be intragenera-

tional data. Intergenerational data does not present the actual mobility

experiences of any real cohort, nor does it enable the location of mobility

in time. Intragenerational data, in contrast, may permit the investigator to

precisely identify single acts of mobility and to link those to structural

characteristics of society. Although analysis of intragenerational mobility

patterns are very scarce, the usefulness of these data for analyzing structural

sources of mobility is apparent. The most successful attempt" of analysis of

this kind probably is White's (1970) analysis of vacancy chains that uses

intragenerational data.

The analysis of intragenerational data presents problems. First of all,

such data are difficult to obtain. They will either be prospective, in which

case a panel is the most likely design (cf., the ongoing study of Wisconsin

youth), or the data will be retrospective. Panel data does not provide complete

information on mobility or status changes, as only discrete points in time will

be observed -- points that for reasons of economy may be quite widely spaced.

Retrospective life-history data in contrast may enable the observation of every

act of mobility undertaken by respondents over the period of observation. The

main drawback of these data are possible errors of recall. Retrospective life-

history data for a cohort of 30-39 year old men are the data source for the

empirical analysis to be presented in this paper. 2

The major problems with intragenerational data are, however, problems of

analysis. Since these data are change data, less well-established methods of

analysis are available. Although the age variation in status is recognized

in status attainment research, direct analysis of change in status typically

is not attempted. Rather, the analysis focuses on the level of status at
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valOious: ages, a procedure that cannot fully capture the dynamic nature of the

process being investigated (S(6rensen, 1974a). The use of causal analysis, of

mobility patterns based on intragenerational data pres.entsthe problem of how

to summarize the wealth of information on mobility in a suitable· mathematical

form. With the exception of White's (1970) vacancy chain model" little work

has been done that goes beyond the attempts to fit observedmohility patterns

to a stochastic mod'el., The typical choice of model has been the Markov model.

However, this model in its simplest form never has been found to fit observed

mobility patterns very well. A number of modificatfons have been~ made, in

most instances using ad hoc. procedures' to improve the fit of the Markov model.

These modifications have most often been statistical in nature and have not

been derived from an explicit theory of the forces that produce: mobility •

It is the purpose of this paper to analyze intragenerational mobility

rates using a Markovian model of mobility as the framework. An attempt will

be made to modify the simple Markov model in a way that both improves the fit

of the model and caube justified by a theory of mobility. This means that the

properties of the model must be derived from a reasonable set of assumptions

about the process of mobility. These assumptions concerning how mobility is

brought about will be derived from considerations of the occupational achieve

ment process, that is, the process of attaining status and income. Although

status attainment research that analyzes this process has become diverged from

research on mobility patterns, this separation cannot be justified by the

nature of the phenomena being investigated in status attainment and mobility

research. Occupational achievement takes place through mobility and the mechanisms

that produce change in status and income over time are mobility mechanisms.

The two'processes are intimately linked, and it will be demonstrated in this

paper that the properties for a model of the rate of mobility can be derived
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from an analysis of change in occupational achievement.

It will be shown that these considerations necessitate a model that

mirrors the interplay between structural and individual characteristics that

traditionally has been held to generate mobility, an interplay that, however,

never has been made very explicit. Comparison of mobility rates for blacks and

whites will be used to demonstrate how this interplay works.

The next section will present the simple Markov model that is a point

of departure for the analysis that follows.

The Markov Model of Mobility

In this section, I shall outline a stochastic model of mobility to be

further specified in subsequent sections. The final product will technically

be a nonstationary Markov model of a jump process. 3 It will be a nonstationary

Markov model as the parameters of the model will be allowed to change over

time. It will be a jump process, as mobility is conceived of as taking place

in discrete steps: individuals spend some time in a job and then move (jump)

to another job. Furthermore, the duration of stay in each job may depend on

characteristics of that job, in particular the occupational group to which it

belongs. The notion that moves take place in discrete steps does not imply

a discrete time Markov Chain model. Rather, moves can take place at any

point in time, so the process .is conceived of as a contin~ous time process.

However, as in a Markov Chain, individuals move in a discrete state space

formed by job categories (in this application, they are occupational groups).

The elementary act of mobility is conceived of as a job shift. The

analysis of such shifts can be broken down into two components: (1) the

analysis of the occurrence of shifts, and (2) the analysis of the outcome of

shifts given that they occur. This distinction is basic for the remainder of
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this paper. A model for mobility may be derived by making certain assumptions

about the two components of the process. A simple' model, useful as a point of

!departure, is obtained by making two sets of assumptions.

First, job shifts are assumed to occur according to a Poisson process,

that is, they o.ccur randomly in time with an intensity t.. , where this

parameter is assumed constant over time and across individuals. This means

that the probability p(t) that a person who entered a job at time 0, will

:remain there at time t, will change according to the differential equation:

dp(t) =
dt -t..p(t) (1)

Equation (1) is the defining equation for a Poisson process. It implies that

the number of job .shifts in a period T will be Poisson distributed, and the

waiting times between shifts will be exponentially distributed, a property

to be used later.

The second assumption is that once a move occurs, its outcome will be

given by a set of conditional probabilities m.. 's that give the probabilities
1J

of moving from ajob in some occupational category, or state i, to a job in

state j, where i may equal j. These "direction" probabilities are

assumed conditional on the state of departure only, not on any previous state

the individual has occupied -- an assumption often referred to as the Markov

Property. Again, these probabilities shall be assumed identical for all

individuals' and constant in time. These two assumptions and the parallel

ones for the rate of job shifts shall be referred to in the sequel as the

assumption of nonheterogeneity among indiViduals, and the assumption of the

b • t t' .. 4processes e1ng s a 10nary 1n t1me.
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With these aS$umptions, consider the probability Pij(t) that a person

will b~ in state j at time t given that he was in state i at time 0,

where ° and t can be taken as arbitrary time points because of the sta-

tionarity assumption. The rate of change in this probability will be a function

of the rate at which job shifts occur, A, and the direction probabilities,

the m,,'s. This change can be described by a differential equation. Focus
~J

only on those that start out in state i, that is, the group of individuals

for which Pii(O) I and Pik(O) = 0, where k ~~. The proportion of

persons in state j at time t who origtnated in state i is p .. (t).
~J

The probability that a person w~ll undertake a job shift in the small time

interval dt is :\dt. The probability that a perso)1 who originated in state

i and at t is in j will leave state j in dt is A(l - m,,)dt, where
-]J

;.'''.e

m,. is the probability of a shift to another job in state j. Similarly, the
JJ

probability that a person in state k who originated in i will move to j

in dt is The change in Pij(t) in a small interval of time then

will be given by the sum of the proportions of persons in states k (k # j)

at time t who moved to state j in dt, minus the proportion of persons

in state j who left j in dt, or:

,.

dp. ,(t) = E Amk.p'k(t)dt - :\(1 - m, ,)p, ,(t)dt
~J k~j J ~ JJ ~J

which gives rise to the differential equation:

(2)

dp, , (t)
~J

dt -:\(1 - m.. ) . p .. (t) + E Afilk,P'k(t)
JJ ~J k J ~

(3)

If the quantities are arranged in a matrix P(t), and the

quantities m.,
~J

in a matrix M, then this differential equation can be
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Irwri'tt en as :

dP(t). =
dt

X{M - I)P(t) (4)

,;where I is the identity matrix. Equation (4) has the solution:

,PC-t) X(M·~ I)t.- e (5)

:'keeping the assumption P(G) = 1. 5 If quantities q .. 'sare de'finedas:
J.J

- X·(m •• - 1)
J.J.

= X ·'.m ..
J.J

then X(M - I) Will be equal to a matrix Qwith· elements qij that represent

transition rates in a cont'inuous time discrete' space Markov ·process. 6 The

representation (5) is, preferred here as it directly shows the dependency of

the mobility process on the rate at which Job shifts occur (as given by X)

and the direction' of the move once they occur (m .. ) •
J.J

The representation (5) is also useful for estimation purposes. On life-

history data, all job· shifts are known as well as the .time intervals between

them. Since the rate'of'mo:ves is assumed to be' governed by a Poisson process,

it follows that wait:ing times between moves a'I'e ,exponentially distributed;

that is, durations of jobs w, have the density:

-Xw
few) = Xe

with mean

(7)

E(w)
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The expression for the mean suggests estimating A as the inverse of the

mean duration of jobs. The probability m•. 's
~J

may be estimated by counting

all moves originating in state (occupation) i according to their destination,

irrespective of when they occur; that is, an estimator for m.•
~J

is:

m ••
~J

n ..
= ..l:.l

n.
J.'

(9)

:-
.'0::

where n. is the total number of moves originating in i and n .. is the
J.' ~J

number of moves to j (where j may equal i).

Even though (5) is a useful representation of a Markov model of mobility,

it is no more valid than other formulations found to be a poor description of

mobility data,7 for these formulations can be derived from (5) without any

change in assumptions. Furthermore the formulation (5) only represents a

most rudimentary theory of mobility. The derivation of (5) did not rely on

a causal analysis of the process, but only provided a description of the pro-

cess.

The lack of fit calls for either some modification of (5), if the basic

framework is to be kept, or for rejection of the Markovian framework altogether.

The latter strategy has been advocated for conceptual reasons by White (1970)

and has also been adopted by Boudon (1974). They are both concerned about

implementing a basic axiom of mobility theory -- that mobility at least partly

is determined by social structure. White (1970) argues that this implies that

the analysis of mobility of men as a stochastic process is unreasonable, for

men's mobility will be interdependent, as movement of One man will affect the

movement of others. This violates a fundamental assumption needed to formulate

a model for the process: the assumption of stochastic independence of the

elements. White's solution is to formulate the model for vacancies, not for

men. Boudon's strategy is ~o model the access to positions in social structure,

not the mobility process ov~r time.
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White (1910) analyzes mobility in organizations where th:~re are few

vac~ncies and many men, and where the assumption about independence of the

movement of men. obviously is false. Models of mobility of vacancies in

macro systems a.rli! not available, and a straightforward generalization of the

vacancy chain mo-dels, even though conceivable, would be a purely formal exercise,

for data to test such models are not available. Data are available on the

movements of individuals. When thes.e data (as the life-history data used here)

only deal with the movement of one cohort in a much larger occupational structure,

it does seem justified to analyze them as though they represent independent

moves of individuals, and thus keep the framework of a stochastic.process for

mobility of men. It is not inconceivable that the.structural forces that concern

Boudon.may be represented in a stochastic process model. As a matter of fact,

the modifications of thecmodel (5) 'to be presented represent such an attempt.

This paper then shall keep the basic framework suggested by (5) and attempt

to modify it in order to obtain a more realistic model. From a statistical

point of view the failure of the Markov model, if moves are assumed stochasti

cally indep"endent, may be attributed to failure of one or both of the basic

assumptions of stationarity and nonheterogeneity of the parameters. These

failures may be remedied in a number of ways, but if the obj ective of a

theoretically meaningful model is to be achieved, one should attempt to intro

duce modifications that a.re derived from substantive considerations of the

forces that govern mobility processes.

The remainder of the paper attempts such .a modification of (5). The

separation of the process into two components implies that the model may be

modified both with respect to the assumptions concerning the rate of mobi'lity, and

the assumption regarding the direction probabilities. Only the firstt"ask

shall be attempted here, that is, the assumption that job shifts occur according
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to a stationary Poisson process shall be modified. The result will be the

formulation of a nonstationary Poisson process. Analysis of the direction

probabilities is the task for another paper. 8

The Rate of Job Shifts as a Time Dependent Poisson Process

The simple Markov ~odel (5) was derived from the assumption that job

shifts occur according to a Poisson process with a parameter A, constant

over time and identical for all individuals. This assumption is both simple

and convenient as it leads to an estimation of A as the inverse of the mean

duration of jobs. However, the assumption does not represent a reasonable

approximation of reality nor can it be derived from commonly held beliefs

about what generates mobility.

The assumption does not'represent reality for it is well known that the

rate at which job shifts occur depends strongly on age with older persons being

less likely to shift jobs than younger persons. On the life-history data,

it was found that the correlation between the duration of job and a person's

labor force experience is .43 for whites and .44 for blacks. This suggests

that A should be a function of time, A(t), and the process of job shift

be a nonstationary Poisson process. Furthermore, most would probably find

it reasonable to assert that the rate of job shifts differs among individuals,

which would imply some distribution of A and a failure of the Poisson process

to mirror the occurrence of job shifts.

The observation that rates of job shift should vary with age and among

individuals could be incorporated directly into the model on an ad hoc basis.

Models where A(t) is specified as a declining function of time are discussed

by McGinnis (1968), Ginsberg (1971) and Mayer (1972). Spilerman (1972) has

shown how an assumption of A being gamma distributed among individuals can
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'De incorporated. into the model (5) and. a reasonable empirical fit obtained,.

Such, devices then can be used to improve the fit of a model t'O observed. da,ta.

However, when these devices are justified mainly by statistical concerns,

they are of rather small help in understanding the forces that generate mobilri.ty.

A theoretical rationale for specifying A(t) and/or its variation among

individuals cannot: be obtained directly from a body of well-specified. theory

of mobility, for such a body of theory does no.t exist. The tr,ad.itional con

ceptualization of mo,bility states that mobility is the· outcome, of an interplay

between structural and individual characteristics. This is a very vague and

general statement that. must be made considerably m0re spec,ific in order to be

of any help in modeling the variation in rates of job shifts.

The point of departure for this specification is the. observation that job

shifts can represent either a voluntary act on the part of the job holder or

represent an involuntary dismissal from a job. In both cases structural

characteristics interact with ,individual ones in producing the shift. If the

shift is voluntary there must be some vacant job available that the person

can move to, and the individual must have the qualifications needed. to obtain

the available job. If the shift is involuntary, it often represents the elimina

tion of a job, and it is likely that employers will first dismiss thos'e employees

that are most expendable to the firm. The two types of job shifts cannot be

described by the sarne process. In the sequel the analysis will concentrate on

voluntary shifts for which an explicit formulation of their dependence on t,ime

can be given. However, involuntary shifts are of irn:pertance in the empirical

analysis to follow.

A person may be assumed to shift jobs voluntarily if he can obtain a

better job. This shift may be seen as the outcome o.f a process where job

opportunities become known to the individual and create impulses to leave a
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job. Denote the rate at which impulses to leave arrive in time by z(t).

Assume further that a person has a constant probability *A of acting on anyone

of these impulses. The relation between the probability that a person will

occupy a job at time t entered earlier and the quantities A* and z(t) can

now be written, in analogy to the simple Foisson process (1), as:

dp(t) =
dt

*-A z(t)p(t) (10)

or, slightly rearranging:

dp (t)
p (t)

*= - A z(t)dt (11)

Define a quantity vet) by the r~lation dv(t) = z(t)dt, so that:

vet) t
= f z(s)dso

(12)

It is useful to conceive of vet) as a new time scale9 defined by the rate

at which impulses to leave arrive, which in turn reflects the rate at which

opportunities for better jobs appear. In this new time scale the process will

be Poisson, as can be seen by substituting dv for z(t)dt in (7). The

*intensity A of leaving jobs therefore may be estimated as the inverse of

the duration of jobs in vet), a time scale that shall be called psychological

time. Formally, the duration of a job in psychological time .will be:

w v(2) - vel) (13)

where v(2) and vel) denote a person's psychological age when he leaves and

enters the job, at times t z and t l .

The rate of impulses to leave a job z(t) is considered a function of

time. There is a finite number of jobs in any occupational structure and there
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w,ill be. an upper limit for how good a job a person can obtain given his

qpalifications. This means that the better job a person already has the

]eSs likely it is that an even better job will become available.

If z(t) can be specifieo in a way that can be empirically tested, the

formulation of t,he Poisson process in vet) is extremely convenient. The Markov

model (5) will then be a stationary process in vet), that is,

p [v(t)] *A (M - I)v(t)
= e (14)

*will be a process where A will be independent of time v(t). Since non-

* *stationarity in A will imply heterogeneity in A 's observed for a group of

indivi.duals observed at a point in time, 10 it is also possible that the re-

definition of time will remo.ve some of this heterogeneity.

The notion that z(t) depends on the rate at which job-opportunities

appear suggests that. the specification of z (t) should be based on a model

of the career process, i.e., a model of the occupational achievement proces.s.

Rates of Job-Shifts and the Occupational Achievement Process

Although persons may consider a number of different aspects of jobs

desirable, it is reasonable to assume that the status and income a job pro-

vides will be especially important. Denote by yet) the occupational achieve-

ment of a person at time t, as measured by his status and income. The

occupational achievement will change over time as a person obtains better jobs.

A simple model ll for this process will be:

(15)

where is a measure of a person's occupational res.ources (family background,

education, etc.), and c
l

stands for unmeasured resource variables. Other
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things being equal, the higher a person's occupational resources the greater

the rate of change in occupational achievement. However, the rate of change

is also determined by yet) the level of achievement already obtained. This

influence can be assumed to be negative (b < 0) so that the higher the

achievement already obtained the less gain will take place. Eventually the

rate of change will be zero and at that time the level of achievement will be:

y(e) (16)

It is the highest level of achievement a person

The quantity y(e) shall be referred to as the equilibrium level of

, 1 h' 12
occupat~ona ac ~evement.

can hope to obtain and keep, for if his achievement exceeds this level the

change in achievement will be negative.

The larger the absolute value of b the sooner the equilibrium value will

be reached, other things equal. The quantity b then determines how much

growth is possible in occupational achievement, and therefore is a measure of

the opportunity structure of society. The closer b is to zero the more

opportunities for better jobs will be available to a person, in the extreme

case where b = 0, better jobs will always be available regardless of how much

status and income a person obtains.

The career curve determined by (15) will be concave to the time axis, that

is, achievement will increase rapidly in the beginning and then gradually taper

off until the status and income reach the equilibrium level given by (16). This

is indeed the pattern of growth observed, as can be seen in Figure 1 which gives

the mean occupational prestige for blacks and whites by years of labor force

experience. Both graphs show the expected pattern. It can be noted that the

curve for blacks not only overall is at a lower level than for whites, it is

also flatter. This may be due to the lower levels of occupational resources
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of blacks, but could also reflect a difference in b due to different

opportunity structures for blacks and whites.

The curves represent the solutions to the differential equation (15).

Integrating (15) from time o to time t , where time 0 represents a
n

person's entry into the labor force, gives:

o < t < t
- n

(17)

where yeO) represents the occupational achievement at entry into the labor

force.

The model of the process of occupational achievement given by (15) shall

now be linked to the rate of voluntary job shifts. Gains in achievement may

be assumed to entail job shifts. This is trivially true for occupational

prestige, because prestige is defined as an attribute of occupational groups.

It is a reasonable approximation for income, as major shifts in earnings usually

entail job shift, while within-job gains represent real and inflationary

increases common to all jobs. If gains in achievement then necessitate job

shifts, it follows that the rate of shifts can be derived from (15). The

pattern of rapid change in the beginning of the career and less change later on

must entail high rates of shifts in the beginning of the career and low rates

later on. It is both instructive and necessary to derive the explicit for-

mulation for the relationship between the rate of job shifts and the

achievement process.

A slight reformulation of (17) is useful. Define a quantity vet) as:

vet) = t (e
bt

- 1) (18)
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E:quation (17) can now. be written as:

Subitracting y(O,). from· both sides of (19) and rear-r'anging gives:

(19)

Since"

y(t) ... y(O) (20)

y(O) (ebt - 1) by(O) (ebt - 1) = v(t)by(Q), (21)

equation (20) may be· written as:

y(t) :: yeO). + vet) [c
l

+ c
2

x
2

+ by(O)] • (21)

Consider vet) aredetinition of- time. In. thievt"ime scal.e: the career

curve will be a ,straight line with a slope equa.1 to [c
i

+ c
2

x
2

+ by(O)]

and an, intercept equal to y(O). The slope will be zero when

y(O)
c

l
c 2

= ----x
b b 2

(22)

that is., when the first job pr0vides a person with the equili~rium leV'el of

achievement. In general, the slope will be de.termined by a person's l.ev'el of

resources inrelatiouto the achievement at entry into the labor force: the

lower this achievement in relation to the occupatio,nal achievement that can

be obtained [i.e., y(e)], for given occupational resources, the higher the

slope.

The fact that. the career is linear in v(t) must mean that there will

be a constant gain. per unit time in v(t). Since gains are assumed obtained

through job shifts, it follows that the rate at which shifts occur" must be

constant. in v{t). Using the notion of time suggested before, the underlying
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mechanisms may be seen as one where job opportunities (that generate impulses

to leave jobs) occur at a constant rate in vet).

The redefinition of time vet) is then the desired transformation of time

so that the rate of job shifts will follow a Poisson process. The function

z(t) that gives the rate of impulses to leave in real time, can be obtained

from vet) defined in (18) by differentiation, or

z (t)
dv(t)
dt

bt
e (23)

Further, it is easily shown that the basic process at the individual

1eve~ that produces the decrease in the rate of impulses to leave, is one in

which the rate of impulses decreases proportional to z(t) by the constant

b, or, by differentiating (23)

dz (t)
dt

bz(t) b < 0 (24)

This completes the derivation of the desired redefinition of time that

expresses the dependency of the rate of job shifts on time. However, the model

for the occupational achievement process can also give some insights into what

determines the overall rate of job shifts. Assume that a person only will

undertake a job shift if a gain of a certain size in occupational achievement

can be realized. If the growth in achievement follows the model (15), the

inverse of this differential equation will give the increase in time needed

to realize a gain of a certain size. In vet) the basic differential equation

is

(25)
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'rwi,ththe inverse

-b
y(e) - yeO) (26)

For a giv:enchange in y(t), dv(t) will be determined by b and by the

inverse of the.. distance between the equilibrium level of achievement and the

achievement 'of the first job. The second quantity reflects the level of a

person's occupational resources relative to the :achi'.ev,ement of the first job.

iIt follows that for given b, the better the occupational resources relative

to the achievement of the first job ,the smaller dv(t) .and the higher the

rate of 'Shift. Should the first job provide the equilibrium level of achieve-

ment dv(t) .will be infinite and the rate of 'Shift will be zero.

The theory 'of the occupational achi'evement ·pr.ocess formulated here then

can provide a specification of the dependency of the rate or intensity of job

shifts on time, andals'o provide a framework for interpreting the size of the

rate' of job shift. The' theory specifies the traditional notion of mobility

being'an interplay between structural and individual characteristics, by

conceiving job shifts as brought about by individuals attempting to utilize

opportunities for better j cbs ,to maximize theiroc'cupational achievement.

Because opportunities aTe' finite, the higher the achiev-ement already obtained,

the fewer opportunities for b.etter jobs there will be ,and the lower the rate

of shift.

The formulati.onhere only concerns voluntary job shifts. The rate of

involuntary shifts clearly should reflect the opportunity level in society.

Furthermore, the.. rate should depend on personal resources in relation to the

achievement obtained, but be. different in value 'frlom the rate of voluntary

shift. Further spec.ification will not be attempted in this 'paper.
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The derivation of the dependency A(t) on time can be used to redefine

time in such a way that the Markov model is stationary in the new time scale.
I .

One of the means needed to construct a realistic stochastic model of mobility

has been obtained, but only if the formulation here is a reasonable approximation

to reality. While the observed career curve does show the pattern to be expected

from the proposed model of the achievement process, this is a too impressionistic

validation. A direct verification of the expression for the dependency of

rates of shifts on time must be attempted, and procedures developed to estimate

the rate of job shifts-in the redefined time scale, vet).

Tests and Applications

The model for the dependency of the rate of job shift on time formulated

above relied on the redefinition of time into the new time scale vet) in

which job shifts are assumed to occur according to a Poisson process. The

rate of shift A* in psychological time can be estimated as the inverse of the

mean durations measured in vet). Inserting the expression (18) for vet)

in the definition of the duration in psychological time (13) gives, for the

duration w:

w = v(2) - vel)

= 1 bt2( bw _ 1) ,bee (27)

where t
2

and t
l

denote the time of leaving and entering the job, respectively,

and w = t
2

- t
l

is the duration of the job in real time;

In order to use (27) it is necessary to know b. In addition, the results

of the time transformation is only meaningf~l if the model (18) is a reasonable

[I
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approximation~o.reality .:The model can be test!'ed,;a:ndestr:tma,t'es ,of bo'bta'ii.ned

I ,q.n, s'everal ways.

One procedure is to study whether the observed 'mean durations,measur'ed

'in vet) can indeed be made'time independent, :tllsingan it'er'ative procedure ,to

tlht,ain estimates of b • This is a cumbersome proc'edure:eEipedial.ly _since :the

.interruption ' of the, ,processat the time of int,erviewciaws'es.,est,:ima,t:ion.' pr'o.b.:Lems

.problems to be described below. An ,alt,ern;ative,;procedure,;:isto, ·,relycd:ir;e'c.t1y

"on some property of the model both to test it and, to 'obtain :es,tima,t.es of b ._-

the p,arameter that 'determi·rres'the·redef.inition ,of :time.

The latter p,rocedureshall be attempted fir·st. As:sumethattheproc.ess

lindeed is Poisson in v(t). The solution to 'the defining} d,iiff:er'ential'equation

(1) is

or

,*
p[v(s)] _ e-AAv(S) - yeO)] (28)

log p [v.(s) ] *= -A [yes) - v(O)] (29)

where p[v(s)] is the proportion remaining in a job at time v(s) of those

that have entered at time ,yeO).

Denote by t
2

the time (in real time) i3.twhich a person 'enters a job and

by s = t
s

- t
l

a time interv'al of given leng'th .' s. Insert'±n,g for sand

t
1

in (29), gives:

. Multiplying through by -1 and taking logarithms 'again giv'es:

(30)

ologlogpfv(s)] * ·bs= 'log A - log b + b~l+ l'og (fi- 1) .(31)
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If a set of t l values is chosen and the proportion remaining after s time

units is observed, a linear relation between log log p[v(s)] and t
l

is indicated. For given s, all terms on the right hand side will be constant

except btl or,

log log p[v(s)] = k + bt ..
1

(32)

This expression may be used both to test the model and obtain an estimate

of b.

The life~history data provides information on all jobs held by a sample of

30-39 year old black and white ~en from the time of entry into the labor force

until the time of interview. A special file was created with jobs as the unit

of observation, that is, the total number of observations equals the number of

respondents times the number of jobs held by them. For blacks this gives 3678

jobs, for whites 4992. The starting and ending times of jobs were registered

in months. For purposes of this analysis a1l time points were measured from

time of entry into the labor force. Only jobs left voluntarily are used below.

The separation of shifts into involuntary and voluntary shifts was based on

respondents'reports on whether a job was left voluntarily or not. For blacks

2651 jobs, and for whites 3877 jobs were left voluntarily.

The opportunity structure for blacks and whites is generally believed to

be different, and possibly this may be reflected in different values of b.

The test and the following analysis is therefore carried out separately for

blacks and whites.

The test of the model suggested by (32) is displayed in the graphs given

in Figure 2. Unfortunately, much of the information contained in the life-

history data was not usable for the test. When a group of persons that enter

a new job, say four years after entering the labor force, are followed over time,
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1$.oJn.~ will be l;'e.gis.tered.ashaving terminated theJr j0bs,' say two years after ,

';s:i:lnply because they at that time wereinterview~da:ndnofurther information

.;..waS obtain~d. All, respondents were between 3,0 and 39 when they were inter-

viewed, but .since there is a gr~at deal of variation with res'pect to age at

entry into the labor forc~, the proportion p[v(s)] will be influenced by

.respondents leaving the sample, the more so the larger the value of s .To

'minimize the influence of s.ampledrop.,..out and still ,obtain ar..e.asonable range

of values of sand t
l

, only persons who entered the labor force before

age 23 are tlsed in. Figure.2.

Figure 2 Here

Overall the expected linear relationship between log log p[v(s)] and

t l (given in years of labor force ei\:perience) comes,through reasonably well

.in the graphs. Also the,$lope of the line relating the two quantities appears

very similar. However, there are exceptions to the expected relationship. For

blacks, the graph for s = l.does not show the ex,pected pattern, and also for

whites the fit is . less impressive for this value of s. Furthermore, it can be

observed that for blacks the points corresponding to t = 1
1

in all graphs

systematically dev.:iatefrom the straight line relationship. Both phenomena may

be ascribed to lower reliability of the informatio.n pertaining to.these early

years in the labor force. Unfortunately, the deviations, although explainable,

invite caution in using es.timates of b obtained from equation (32) to cal-

culate w.

T,he graphs given in Figure 2 do seem to indicate that the model proposed

,here is a reasonable approximation to reality. Estimates of b can

.be obtained by pooling least sqtlares estimates of1::J for
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the various values of s. For whites ~ the resultil1g b is -; 0065, with an R2 of

.,79, where b is given with months as units. Fbr blacks, inclusion of the

observations for s = land t l = 1 gives a bad fit of the linear equation:

Rt = 21. Deleting these observations gives a mu.ch stronger fit. The obtained

b is -.0086 with an R2 of .94. This appears to indicate that b is

indeed higher in absolute value for blacks than it is for whites; ind.icating a

more unfavorable opportunity structure for blacks. However, since these

estimates are based on only pa.rt of the sample, and since they by necessity will

use the more unreliable information from the early job history, they are not

necessarily the best estimates. It is necessary to complement the test by

an analysis that directly shows whether mean durations are time independent

after the transformation of time.

Mean durations in vet) can be calculated from equation (27). However

most respondents held a job at the time of interview. The duration of this

job in real time is not known. One might suggest deleting these jobs from

the sample, but it turns out that this will produce a biased estimate of *A

based on the remaining jobs. The problem has to do with the distribution of

the truncated duration of the job held at interv·iew. The nature of the problem

shall be briefly indicated. A more detailed treatment is given in the appendix.

One might argue that for reasons of symmetry, the observed portion of the

duration of the job held at interview should be half the expected duration. If

job durations are exponentially distributed (as they will be when job shifts

follow a Poisson process) they will have the mean *l/A • As a consequence, it

might be argued that the truncated durations should have an expected value of

*1/2 (l/A). While both arguments that lead to this. conclusion are correct,the

consequence does not follow; rather the expected value of the truncated durations
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*is l/A. This paradqx is due to the fact that the distribution of the duration

of the jobs that are interrupted qy the interview is not exponential, even if

the assumptions for the stationary Poisson process are uph~ld. Rather, the

expected duration of the interrupted jobs is *~/A , and the sYmmetry argument

then gives an expectation of the observe~, truncated portion of the job of

*l/A. The paradox is demonstrated by FelLer (1971) who also derives the dis~

tribution of the truncated waiting times in a Poisson process that is inter-

rupted. The proofs and some modifications to the above statements are given

in the appendix.

Intuitively the reasons for the paradox is that the interruption of the

process (i.~., the interview) will.tend t9 select longer durations among the

set of randomly distributed durations, that is, a long job duration has a

greater likelihood of covering the interview than a short one. Since the

*expected duration can be shown to be 2/A. there is no reason to exclude the

job durations for those jobp held at the time o·f interview; they may apparently

be treated just as all other job durations are. But, if the interruption selects

longer jobs among those held by an individual f~om the time of entering the

labor force until the time of interivew, it will leave the remainder job

durations to be shorter. Since the time of interview in this sample is age

dependent (between 30 and 39) it is necessary to adjust for this effect

of the interruption, otherwise the observed mean dur~tiQn of jobs held at a

certain time point will depend on the proportion of these jobs that are

truncated. The proper adjustment is shown in the appendix to be:

w T
xi (33)w. = "J, T - w

Y
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'where w. is the observed duration on vet) of ,alilontrllnca·t:ed Job, T
X~

tiJsthe time frOUlentry into the labor force untiliLnterview {also measured in

v(t)], and

tlnterview.

w
y

.is the mean truncated duration of jobs held at the time of

Using the estimates of b given above and the adjus'tment procedure just

d!escribed~ durat'ions were computed in psychol,qgi.cal time.. The mean dura·tion

for jobs was then obtained and their d.ependency on the t,ime of leaving the

job [measured in v{t)] studied. 13 It was apparent that the estimate

for b used did not completely remove the time dep.endency, especially not

for whites. This appa.rent f.ailure of the model could simply he due to poor

estimates of b. Using essentially a trial and error method, a number of

different values of b in the neighborhood of the firs·t estimates were used.

This procedure, .quit,e cumbersome because of the trunca,tion problem, gave

w 's that behaved fairly reasonably for b = •.008 for both blacks and whites.

The correlation between wand time of leaving job is .03 for blacks and .08

for whites, as opposed to .44 and .43 before the transformation of time.

The mean values of w by time of leaving the job, d.enoted t~ are presented

in Table 1. The first value of t shown is 30 ("months of psy.chological time n),

as truly time independent durations cannot be obtained for the smallest values

of t, not because of a failure of the model, bUif: because of the necessary

dependency between wand t for small values of t.

'"
Although the mean w 's . do appear to be fairly stable -over time, there is

a slight curvilinearity indicated for both blacks and whites. The curvilinearity

means that b is not completely constant over time, contrary to our assumption.

The absolute values of the true b apparently is underestimated by a Ibl = .008

in the early years of labor force participation, and somewhat over-es!f:imated
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in later years. This is a result that most reasonably Can be interpreted to

reflect changes in the overall opportunity structure of society in the period

covered by the life-histories used here. This period roughly covers the two

decades from the late 1940s to the late 1960s, and the general expansion of

the economy, especially in the 1960s, likely provided for more opportunities

for better jobs toward the end of the period. This would be reflected in a

decline in the absolute value of b, as argued earlier: the more opportunities

for better jobs there are, the closer to zero should be the value of b.

A direct test of this interpretation of the slight curvilinearity in w

can be given by analyzing the joqs held in 1968 separately. Using the iterative

procedure, it turned out that the best fitting values for b were b = -.005

for whites and b = -.007 for blacks. Blacks seem somewhat less sensitive to

the presumed changes in opportunity structure than whites. The durations in

vet) using these values of b for jobs held at the time of interview are

presented in Table 2.

Since w for these jobs are independent of t with bls lower in absolute

value than the best fitting bls for all jobs, the interpretation given to Table 1

seems correct. This means that the model for the dependency of, rates of job

shifts on time should be rev~sed to take into aGcount overall changes in

opportunity structures in the period in which careers take place. Alternatively,

separate estimates should be obtained for various epochs. The modifications

shall not be attempted here. The overall estimates of b used do seem to

behave reasonably well for the purposes of this paper. The development of more

refined method of estimation shall be attempted in future re~earch.
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The overall mean w using b = -.008 for whites is 14.0 and for blacks

17.5, indicating that the rate of voluntary job shifts is lower for blacks than

for whites. If durations in vet). are ~xponentially distributed their standard

*deviations should be 1/1... The overall estimates of the standard deviation for

blacks is 18.7 and for whites 16.2. However, the truncated jobs are known not

to be exponentially distributed (cf., the Appendix). The standard deviation for

the nontruncated jobs for blacks is 17.9. This is close to the value of the

mean (17.3) indicating that the durations conform reasonably well to the

exponential distribution for blacks. By this test, job shifts do seem to be

adequately described by a Poisson process for blacks. For whites, the results

are somewhat less satisfactory; the standard deviation is 15.4, higher than the

mean of 13.3 for the nontruncated jobs. This indicates some heterogeneity in

*A for whites that might be described by a gamma distribution as demonstrated

by Spilerman (1972). However, the heterogeneity is slight, and for purposes of

14this paper, the methods employed here seem adequate.

Next we discuss substantive implications of the results obtained by the

model for the dependency of rates of job shifts on time.

Black-White Comparisons

The preceding section would mainly be a quite elaborate statistical

procedure for obtaining a stationary Markov model of mobility if it were not

possible to give an interpretation to the results. To demonstrate that the

framework developed does lend itself to substantive analysis, some results

comparing rates of job shifts for blacks and whites are discussed in this section.

The sample consisted of 851 whites and 738 blacks. The black respondents

held a total of 3678 jobs, while whites held 4992 jobs. .This gives a mean number
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of jobs equal to 4.98 for blacks \lnd 5.87 for whites. Blacks have. fewer jobs

and thus appear to hold their jobs longer (in real time) than whites. This

difference could reflect either a difference in the opportunity structure

blacks and whites are exposed to, or a difference in the likelihood of chang-

ing jobs. The latter would reflect that the occupational achievements of the

early jobs blacks obtain are closer to the maximum blacks can hope to obtain --

the equilibrium value of the occupational achievement given the occu-

pational resources.

A difference in opportunity structure between blacks and whites would show

up in the duration of jobs because the higher the absolute value of b the

fewer impulses to leave the job a person will receive, and hence even if

*A is identical for the two groups -- the longer the durations will be in real

time. The trial and error method used to establish b did, however, indicate

that a b of -.008 for both groups gave the best estimates. Presumably,

the reason for the overall longer duration of jobs for blacks in real time then

is that blacks early in their career obtain an occupational achievement closer

to the best they can expect to obtain than do whites. Technically, the difference

in average duration in real time could also be explained by a difference in

age of entry into the labor force: if blacks enter earlier they have a greater

chance to hold long jobs. However, the difference in mean age of entry is

only a little more than half a year; and more important, our calculation of

the mean duration in vet) (using b = -.008) indicated that blacks do

* *indeed have a lower rate of shifts (A = .057) than do whites (A = .071).

This conclusion should however be modified in several ways. The calcula-

tion of b used only voluntary shifts. If the average black is exposed to a

more unfavorable opportunity structure than are whites, this should produce more
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involuntary shifts for blacks than for whites. This. is indeed! the caseI

of all jobs held by blacks:, 28.7 percent were left involuntarily, while 20. T

percent of the jobs held by whites were terminated this way. Only focusing on

voluntary shifts captures a more select group of job shifts undertaken by

blacks than by whites.

Including involuntary shifts in the estimation of b for bla.cks and whites

would not lead to better estimates of b. In fact, worse eS.timates would result.

This is because involuntary shifts obviously occur when a person would not other

wise undertake the shift. A person would not voluntarily undertake a shift if

he already has obtained the equilibrium value of occupational achievement. If

he nevertheless is fired, a job shift would appear at a point in time where a

shift should only occur voluntarily if the opportunity structure is favorable.

Including the involuntary shifts among the voluntary shifts when estimating b

would therefore underestimate b indicating a more favorable opportunity

structure than actually exists.

The somewhat perverse influence of involuntary shifts on the estimation

of b can be used to support an argument that the absolute value of b is

underestimated by our trial and error method especially for blacks. Even

though only voluntary shifts are used in the estima.tion, it might be argued that

the voluntary shifts of blacks were "less voluntary" than those of whites. The

indicator of whether a job shift was voluntary or not is a self-report, and

obviously fallible. If it is considered an indicator of an underlying variable

that expresses the degree of control over the employment situation, the higher

observed percentage of involuntary shifts for blacks should indicate an overall

lower level of control. Hence also for stated voluntary shift the level of

control could be lower, and the absolute value of b correspondingly under

estimated. For this reason, a conclusive statement regarding the difference,
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or lack of it, between b's estimated for blacks and whites should await

more refined methods of estimation than the ones used here.

It is interesting to note in this connection that the mean duration of

jobs left involuntarily, measure4 in vet), is 12.8 for blacks and 8.9 for

whites. Blacks are on the average fired when. they have held jobs longer than

are whites. No one should stay in a job if a better one becomes available

before he is fired, and this result therefore again reflects that blacks have

less to gain by job shifts and may have fewer opportunities for shifts.

Involuntary job shifts are important for the occupational achievement

process because they are likely to produce a loss in status and/or income.

Any gain a person may obtain should be obtained through a voluntary shift, before

the firing takes place. The combined impact of less frequent voluntary shifts

(and thus fewer gains in achievement) and a greater likelihood of loss, not only

makes the career line of blacks flatter but also more likely to undergo a

decline. This clearly illustrates that for blacks the lower observed levels

of occupational achievement not only is a question of lower levels of occupa

tional resources but also of more tenuous employment situations.

The apparent decline in b with the expansion of the economy is a

result that, even though it points to G limitation of the model, is of interest

in its own right. It demonstrates that structural changes in society indeed

are reflected in the mobility of men, and that the impact can be given a precise

expression in the model for the rate of mobility. Furthermore, it appears

that blacks have profited somewhat less from this expansion in terms of oppor~un

ities for better jobs than have whites. Another apparent failure of the model

also points to an interesting substantive phenomenon. While for blacks it is

the case that the standard deviation in durations in vet) is very close 'to

the mean, a difference was observed for whites indicating that there is
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*het.erogeneity in A for whites. The rate of shifts in psychological time

has heen shown earlier to reflect the slope of the career line in v(t).

'~he result then ~ndicates that blacks have very similar caree~s insofar as they

can undertake voluntary job shifts, while there is some variat.ion in slopes for

whites. A greater homogeniety in starting points of the career as well as in

occupational resou~ces is indicated for blacks by this result, a result that

is in accordance with the known concentration of blacks at lower levels of

occupational achievement and their lowe,r levels of occupational resources..,

and hence smaller dispersion in these attributes.

Conclusion

The occupational achievement process is a change process. Few person's

status and income remain constant over their lifetime. The change in status and

income is brought about by mobility. In this paper, it has been attempted to

show how a stochastic model of mobility may be derived from a simple model for

the occupational achievement process.

The intimate relation between occupational achievement and intragenera-

tional mobility seems obvious. Research in the two areas has nevertheless

diverged rather sharply. Status attainment research has focused on the level

of status and income obtained with little concern for analyzing change in

occupational achievement. Much mobility research has been directed toward the

formulation of stochastic models of mobility, with little concern for the forces

that generate both mobility and occupational achievement. However, research

that synthesizes the two traditions seems needed if basic problems in both

areas are to be solved.

From the perspective of status attainment research, a synthesis is

necessary to provide a framework for interpreting and measuring the effect of
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individual attributes on occupational achievement, and ascertaining how various

structural characteristics modify these effects. Status attainment research

sometimes, and to some, leaves the impression that the measured effects of

individual attributes on status, somehow indicates how important these attri

butes are for the degree of inequality in society. In particular, the effect

of education has been interpreted this way (Jencks et al., 1972). This inference

runs counter to most theories of inequality, which explain inequality by power,

class, functional importance, etc., but not by the occupational resources of

persons. If the structure of inequality is seen as fairly independent of the

distribution of individual attributes such as education, then the occupational

achievement process should be conceived of as an allocation process. Individual

attributes will be important for this process, but so will the availability of

jobs at various status and income levels. This means that the achievement

process should be seen as the outcome of an interplay between structural and

individual characteristics, a conception that can be implemented by focusing

on change, that is mobility, as the model proposed here does.

From the perspective of mobility research the need for a synthesis derives

from the need to obtain a mathematical model that not only fits the data, but

also gives some useful information about the process. A model is needed to

summarize the wealth of information that is contained in intragenerational

mobility data, but this can hardly be a goal in itself. The objective should

be to establish a theory of mobility in mathematical form. The simple Markov

model is an unreasonable theory and also fits the data poorly. The needed

modifications 6f the model should, however, be guided by considerations of

why mobility takes place, not solely by statistical considerations, and a

theory of the occupational achievement process is essential for such an effort.
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This paper represents the beginning of su.ch a synthesis. Only one part

of the process has been dealt with: the rate of mobility. However, it was

possible to derive a'formulation of the dependency. of this rate on; time that is

implied by a theory of the achievement process, ,and this formulation seems a

reasonable approximation to reality. The model conceived of mobility alE;

generated by an interplay between individual and structural characteristics;

more specifically mobility was seen as the outcome of individual's latt.empts

to improve their occupational achievement in an occupational structure, where

opportuRities for better jobs are finite.

The proposed model is a simplification. Differences .in rates of job

shifts not caused by the opportunity structure;wereignored. The influence of

change in the opportunity structure on the rate of shifts likewise was not

incorporated explicitly in the model. The model only described shifts that

are voluntary. Finally, the estimation techniques used might be improved.

These are problems for further research.
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Table 1

Mean w as a Function of t.

Voluntary Shifts using b = -.008

.L Whites Blacks

Mean w

30 14.3 18.2

40 14.3 18.4

50 13.0 18.6

60 14.2 20.1

70 14.4 19.4

80 16.7 17.3

90 15.3 18.4

100 15.0 16.5

110 12.4 17.0

Overall 14.0 17 .5
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Table 2

Duration in v(t) of Jobs.H.eld at Time

"-

of Interview by Total Labor Force. Experience (T)

Whites (b = -.005)

wx T wx

100

110

120

130

140

150

25.2

25.7

24.1

26 ..2

23.2

26.0

80

90

100

110

120

130

21.4.

17 .8

20.0

20.6

21.8

21.6

Note: The scales for T differ for blacks and whites because of different

values of bused.•
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Table 1

Mean w as a Function of t.

Voluntary Shifts using b = -.008

.L Whites Blacks

Mean w

30 14.3 18.2

40 14.3 18.4

50 13.0 18.6

60 14.2 20.1

70 14.4 19.4

80 16.7 17.3

90 15.3 18.4

100 15.0 16.5

110 12.4 17.0

Overall 14.0 17 .5
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Table 2

Duration in vet) of Jobs.. Held at. Time

"
of Intervie.:w: by Total Labor Force EXEi?l7ience , {T).

Whi,tes (b, =, -. 005J

"w.,,',
x. T

Blacks. ". (bY::;;" -.' 0072.. - .-.... - - ~.

100

110

120

13.0

140

150

25'.2

25'.7

24.1

26.2.

23.2

26.0

80

90

10.0

110

12.0

130

21.4.

17 .8

20;0

21.8.:.

2.1. 6,

Note: The scales for T differ for blacks and whites becaus.e of different

values of bused.
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Appendix

Estimating Waiting Times in an Interrupted Poisson Process

In the redefined time scale vet), durations of jobs are assumed to be

exponentially distributed. However, completed durations for some jobs those

held at the time of interview -- are not known. This creates special estimation

problems that briefly shall be outlined in this appendix. The problems stem

from a paradox about the distribution of waiting times in an interrupted

Poisson process described by Feller (1971).

Consider a Poisson process with parameter A that starts at time 0 and

is interrupted at time t. Let s be the time at which the n'th event occurs.
n

Let sn _ 1 be the time at which the last event before the interruption occurs

and s be the time at which the next event would have occurred had the
n

interruption not taken place. The distribution function for the interval

- s
n - 1

is derived by Feller (1971:12-13).

The desired probability is peLt ~ x), where x is an arbitrary number

so that 0 < x < 00. Consider first the situation where 0 < x < t. The

inequality L < x
t -

holds if the n'th event before t occurs at time y and

..

the waiting time w until the n + 1 event is greater than t - y and

smaller than or equal to x. The probability gn(y) that th~ n'th event

will occur at y has a gamma density (Feller, 1971:11). The probability that

t - y < w < x is given by the exponential distribution function as:

P (t - y < w .::. x)

-A(t - y) -Ax
e - e

The desired probability peLt .::. x) then is:

00 -A(t - y) -Ax
peLt .::. x) = L Jt gn(y) [e - e ]

n-l t-y

(A,l)

(A.2)
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It can be sho.wnthat gl'(Y) +~2 (y)

grat:ion

A. H-enC'.ecarry±ngoutthemte~

-lex '-AX1 - e-Axe CA.3)

with density

f(x) 2 '-A:X:
= Axe o < .x < t (A. 4)

Using a similar argument, the densi:ty for x > t is;foundtobe

f(x), = 11.(1 + At)e~AX x >t (A. 5)

Fell.er gaeson to show .that the me'8.n of the wai:ting ::t.ime from t to the

fir.st ; event af.ter the in.terruption is 1/11.. However,t.heint.er;est here is in

theme?n of L
t

, sine.e. ±nthis .E.1?plication themeanO'fL
t

is the .expected

duration of johs held at ·interview. This .expec:tat,ion .can he found by int;e-

gr:atingthe two p.arts of 'the density function ,or

,E(x)

2 -At 2 2 -At. 1
= - [1- ·e (1 + At + 1/2 At )]+,.e· (1 + .;\t) (t + -:;-)

.A 1\

2 I-At (A•.6)=I-I e

The second term.inxthisexpression will vanish ,as t + 00, leaving the mean

to be 2/11. . Forreasons.of symmetry, the observed port ian of the truncated

jobs then will have a'mean of l/A. The symmetry argument does not, however,

hold:when t is close to zero. The expected waiting time from the inter-

rup.t±onto the f'irat .event after it, will be l/A regardless of when the

interruption occurs. T:heexact exp.ectation fortheperio:d w 'fr0mthe lastx

event before the .::i:nterrup·tion until theint.erruption, t:hat is .the observed
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truncated job duration, will therefore be:

E(w )
x

E(x) l/A.

(A. 7)

If the interruption takes place close to the origin of the process, the

observed truncated durations will underestimate l/A., more so the closer t is

to zero. In this paper it has been assumed that this problem did not occur.

Intuitively, the reason for these results is that the interruption is

more likely to take place between events for which the time interval is large.

This implies that the waiting times that precede the interruption will be

correspondingly small. lS If it is desired that any observed duration can be

used to estimate the true value of the expectation (1/1..), it is necessary to

adjust the nontruncated durations.

The expected number of events in period 0 to t is At. Each event is

preceded by a waiting time with expected value

then holds:

w + At . w = t
x Y

Rearranging gives:

w.
y

The following identity

(A.8)

(A. 9)

which is the formula used in the paper to adjust the nontruncated durations.

Further detail and simulations testing the above results are given in

a forthcoming paper (S~rensen, 1974b).
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Notes

1. Boudon (1974) thus returns to the analysis of mobility to establish the

importance of education for inequality of opportunity, because he wants

to incorporate social structural variables in the analysis. Such analysis

was rejected by Blau and Duncan (1967), because of the serious methodological

problems present in causal analysis using mobility as a dependent variable.

However, the strategy of using status obtained as the dependent variable,

adopted in status attainment research, does not give answers to the kind

of questions Boudon poses.

2. The Life History Study dealt with the occupational, educational, familial

and residential experiences from age 14 to time of interview. The universe

is the total population of males 30-39 years of age, in 1968, residing in

households in the United States. Two samples were drawn: (a) a national

sample, and (b) a supplementary sample of blacks. The total number of

interviews obtained was 1589: 738 blacks and 851 whites. The completion

rates were 76.1 percent for sample (a) and 78.2 percent for sample (b).

The Life History Study was initiated by James S. Coleman and Peter H. Rossi

of the Department of Social Relations, The Johns Hopkins University.

3. The term "jump process" is used by Feller (1971) to denote continuous ti1)le,

discrete space processes, where moves take place in discrete steps.

The imaginary conveyed by this representation of the Markov model seems

especially useful in applications to mobility. I am indebted to Seymour

Spilerman for introducing me to this formulation. For an excellent survey

of various formulations of this model and a number of estimation problems,

see Singer and &pilerman (1974).

4. The use of the term stationary is adopted here, although "homogeneous"

probably is the more commonly used term to ·denote time independence. The
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latter term is however apt to get confused with nonheterogeneity used to denote

identical parameters for all individuals .
.

5~ This formulation is sometimes referred to as a Generalized Poisson process.

It is the simplest version of a jump process. The more general formulation

assumes that A depends on the state, so that the scalar A is replaced

by a diagonal matrix A with elements
• • "'", 0 •• A 0J. n Further

generalization is obtained by letting the m.. ' s depend on time. Intro
J.J

duction of state specific A. vs would be a r.easonable modification of
J.

(5) for use on mobility data. However, if differences among occupational

groups in the A. t S
J.

ar.e caused by a variation in the desirability of

occupations, the formulation of the dependency of A on time to be intro-

duced should remov.e this variation.

6. The definition of the continuous time Markov process using the ~uantities

q.. is the well....known formulation introduced into sociology by Coleman (1964).
J.J

7. The best known test of the Markov model on intragenerationa1 mobility data

is probably the one given by Blumen, McCarthy, and Kogan (1955). They

tested a Markov Chain, but the failure of this model also implies that the

representation (5) will provide a poor fit to the data.

8. The basic idea is to conceive the m.. 's as determined by the availability
J.J

of jobs, denoted c. ,
J

in an occupational group, and the distance or affinity

between occupational groups, denoted d .. , so t hat m.. = c. • d... The
J.J J.J J J.J

can be estimated using the techniques developedparameters c. and
J

by Goodman (1970).

d ..
J.J

See SI6.rensen and Rosenfeld (1974).

9. A similar formulation, using age as the time scale, is developed in an

earlier paper (S~rensen, 1972).

10. A discussion of the relation between heterogeneity and nonstati.onarity is

presented by McFarland, (1970). His argument easily generalizes to the
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formulation brought here.

11. This model is a special case of the linear model for change discussed by

Coleman (1968). The assumptions of the model are that parameters are

constant over time and identical for all individuals. These assumptions

are similar to the ones made in the simple Markov model. Interestingly,

they imply a nonstationary model for the mobility process, as will be

shown below.

12. In status attainment research, where the level of status is the dependent

variable, there is an implicit (but false) assumption that y(e) is

achieved for all respondents, as (16) corresponds to the linear models

used in this research. Some consequence of making this assumption for

causal inferences in status attainment research are discussed in S~rensen

(1974a) .

13. Because of the truncation, there is a necessary dependency between w,

and t measured at the start of a job, also after adjustment of w. A

simulation established that the use of t at the end of the job was the

most reasonable for demonstrating independence of t and w.

14. James (1974) has attempted to incorporate the model for change in A(t)

into a gamma distribution of A.

15. I am indebted to James Coleman for this observation.
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