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1 Introduction: Background and Aim

Anticipatory covariates (or current-date variables) are variables whose val-
ues refer to what is attained by the date of the survey (interview); but are
used to explain behavior in life course which took place before the survey.
Highest educational level and social class at survey time are typical examples
of anticipatory variables. Such variables are common in many retrospective
studies because the data collection focuses on, say, birth or employment his-
tories, but contain no history on educational careers or social class mobility.
In subsequent analyses of such retrospective survey data, these variables are
used as regressors in modeling the rate/intensity of some event such as mar-
riage or divorce - events which took place long before the survey. This causes
a time inconsistency because data that pertain to the date of the survey be-
come less and less informative the further the date of the survey is from the
date of the event.
Suppose the highest level of education reported at the time of the survey

is used as a covariate in modeling the risk of divorce (which occurred before
the survey). Educational progress is likely to occur over time (for instance
between entry into marriage and the interview date). It is then natural to
ask:
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� to what extent can any changes in divorce-patterns across educational
levels be attributed to changes in the distribution of respondents across
the various educational levels;

� and to what extent do they re�ect real (causal) di¤erences in behavior
of di¤erent levels of education?

Clearly, ignoring such anticipatory nature of the covariate (education)
will potentially produces biased estimates of educational gradients in divorce-
risks..
The aim of the present work is to address this important issue and adjust

for the anticipatory nature of education in modeling its e¤ect on the risk
of divorce. More precisely, we want to use respondents� educational level
achieved by the date of marriage as a covariate in modeling the risk of divorce.
Such information restors the temporal order of events and, hence, can be
interpreted as causal e¤ect in modeling the risk of divorce. Unfortunately,
such information (educational level at the date of marriage) is not available
as the only information we have at hand is the highest educational level
achieved by the date of interview.
To solve this paradox we model the risk of divorce dynamically and let the

e¤ect of educational level on the risk of divorce vary over time which, in this,
case is the duration of marriage. Note that this is di¤erent from time-varying
covariates where the value of educational level is allowed to vary over time.
Instead, dynamic modeling allows the e¤ects (coe¢ cients) to vary between
the date of marriage and the date of divorce or interview, whichever comes
�rst.

2 Data

Data for illustration of our proposed approach above is an extract from a
larger sample and consist of 1312 ever- married Swedish men who were ei-
ther divorced before the survey date (event) or still married at the time of
interview (censored). These men have been exposed to the risk of divorce
at the date of marriage (which was long before the survey date). Distribu-
tion of the data ages at marriage and at completion of the highest reported
educational level are shown in the �gure below.
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In the hypothetical case where all respondents completed their reported
highest educational level at the date of marriage, then all points will fall on
the main diagonal. Note here that if all respondents completed. This is not
the case, however, for our data and we note that 245 of the 1312 respondents
(18. 67 %) fall to the right of the diagonal - meaning they have completed
their reported highest educational level after they have married and, hence,
their educational level is anticipatory.
More interesting is that a good proportion of these anticipatory cases have

reported to have post-secondary education (shown in grey color in the �gure)
while some others have reported to have secondary-level education (shown in
green). All of those who reported to have only primary-level education (those
in blue in the �gure) have completed their education before they married.
The question at hand is, then, as to what to do with these 245 respondent

with anticipatory educational level (completed after they have married) as
we want to deal with situations where education is completed before entry
to marriage (to keep the temporal order of events). We have three options:

1. One straightforward option is, of course, to delete these respondents
from the analyses and use the reduced sample with 1312 - 245 = 1067
respondents. We shall subsequently label this option as the �Reduced
Model�.
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2. Another option is to �turn a blind eye�and pretend it is harmless to
consider those to the right hand of the diagonal as if they actually
were to the left. This approach, which is the common practice in the
literature, will be labelled �Anticipatory Model�.

3. A third approach, which is the main contribution of this study, is to
devise a method to adjust for the anticipatory nature of the variable.
In e¤ect, this implies computing a plausible value of educational level
at the time marriage for those respondents who have completed the
highest reported education after they have married. We shall label this
approach the �Adjusted Model�

3 Models and Methods

The basic model a dynamic extension of the discrete time (piecewise expo-
nential) Cox Proportional Hazards model where the coe¢ cients are allowed
to vary over time:

� (tjZ) = z) = �0 (t) exp
hd� (t) � zi

where �0 (t) is the baseline hazard at time t, d� (t) is the e¤ect coe¢ cient
at time t (to be estimated from the model); and z is a realized value of the
covariate Z (here educational level).
A piecewise constant hazard speci�cation of �0 (t) implies that the time

until event or censoring (whichever comes �rst) in interval Ij is exponentially
distributed with density function, fj (tijj�ij; z) = �ij exp [��ij � tij] where
�ij = exp

�
�1j + �2jz2j + �3jz3j

�
: Here, �1j refers to the baseline educational

level, level 1 (say primary level) while �2j and �3j refer to coe¢ cients of edu-
cational level 2 (say secondary) and educational level 3 (say post-secondary),
respectively. The joint likelihood of the time to event, T , and the latent
educational level, Z, is then given by

f (t; zj�1:J ; x) = f (t; zj�1:J)�P (Z = zjX = x) =
IY
j=1

fj
�
tj; zj�j; z

�
�P (Z = zjX = x) ;

where P (Z = zjX = x) corresponds to the missing educational level at mar-
riage, z, for those who have reported educational x at the time of survey.
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The above joint likelihood is then combined with reasonable priors for the
parameters of interest to form a posterior distribution from which we sample
using conditional particle �lter with ancestor sampling algorithm.

4 Preliminary Results

Relative risks of divorce across marriage durations (in years) are plotted in
the �gure below. The plot in the left presents relative risks for those who
reported to have secondary level education (relative to the baseline group
with primary education) while that on the right presents relative risks of
divorce for those who reported to have post-secondary education. The three
curves in each plot refer to the three models (greed for reduced model, red for
anticipatory model, and blue for adjusted model). Thus, the plots show that
ignoring the anticipatory nature of education and, hence, using anticipatory
model (as is the case in most contemporary analyses) leads to over-estimation
of the relative risks of divorce. The degree of over-estimation is stronger for
those who reported to have secondary-level education. This is in accordance
with expectation as those who reported to have secondary-level are more
likely (than those who reported post-secondary) to have had primary level
education (which is the baseline level) at the time of marriage. Further,
we note that the over-estimation varies over marriage durations for those
with secondary-level education while there is only slight overestimation at
the early stages of marriage for those with post-secondary education.
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