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Abstract

This paper uses vector-autoregressions to gain insights into the dynamic relationships
between age at marriage, divorce, fertility, and labor force participation of women. The use
of vector-autoregressions let us circumvent the statistical problems faced by previous
studies. Age at marriage, fertility, the divorce rate, and the labor force pa rticipation rate are
permitted to depend on the past values of each other. The impulse response simulations
allowed us to observe the short-run reactions of the variables to the unexpected
perturbations in the system. Contrary to the evidence presented by cross-sectional
analyses, no significant influence of young marriages on the divorce rate is found: A
positive shock to the proportion of young marriages did not generate an increase in the
divorce rate. On the other hand, young marriages and the divorce rate simultaneously
increased or decreased when there were increases in the fertility or the labor force
participation rates. This outcome implied that the inverse association between age at
marriage and divorce is not a causal relationship; rather divorces and marriages co-varydue
to changes in labor force participation and fertility. The results hold when we use the
unemployment rate for women as the labor market variable.

I. INTRODUCTION

During the last few decades several socio-economic variables in the
United States demonstrated significant changes. The labor force
participation of women increased from 35 percent in the 1950s to more
than 55 percent in the late 1980s. Fertility declined continuously after
late 1950s and the divorce rate exhibited an increasing trend during the
same period. These trends evoked economists’ and sociologists’
attentions, and a large body of literature emerged analyzing the reasons
and the consequences of these changes.

Economic theory suggests that in order for the labor force
participation rate to rise there must be changes in the value of market or
non-market time, or tastes. The change in the value of time can be due to
exogenous factors, e.g. a technological progress, or it can be realized due
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to increased productivity which may be a result of increased human
capital. The change in tastes represents changes in social and
psychological attitudes like changing sex roles, life styles and family
structures. On the other hand, as the labor force participation reacts to
these changes, it also influences them. For example, as higher school
attainment, decreased fertility and higher marital dissolution affect labor
force participation of women, the changing labor force participation
behavior in turn alter the attitudes towards education, family formation
and fertility decisions.

Traditionally, the examination of the trend in the divorce behavior
relied on such variables as the employment opportunities for females,
fertility rates, age at marriage, and the availability of government
programs like child care. One expects an increase in the divorce rate as
the labor force participation of women goes up, as fertility and age at
marriage go down, and as the provision of government programs which
support single parents expands. As is the case with the analysis of labor
force participation, however, we notice mutual causalities in the
investigation of the divorce behavior. As the divorce rate is expected to be
influenced by labor force participation of women and fertility, it also
influences them: A rise in the divorce rate is expected to increase the
female labor force participation and decrease fertility. The statistical
problems that emerge due to failure to account for these mutual
causalities are discussed below.

Using a relatively new time-series technique this paper investigates
the dynamic interrelations among labor force participation, divorce,
fertility and age at marriage. Our main focus is the relationship between
age at marriage and divorce behavior. The existence of an inverse
relationship between age at marriage and probability of marital
disruption is one of the strongest stylized facts in the sociology and
family economics literature. This relationship has been repeatedly
documented by a number of empirical studies [Burchinal and Chancellor
(1963), Burchinal (1965), Bauman (1967), Parke and Glick (1967), Carter
and Glick (1970), Glick and Norton (1971), Bumpass and Sweet (1972),
Weed (1974), Shoen (1975), Lee (1977), Booth and Edwards (1985),
Becker et al. (1977)].

Some mechanisms have been suggested to explain this relationship.
One is that, people who marry young are unprepared in emotional,
psychological, and instrumental ways for the process of selecting a mate
and/or for the adequate performance of marital roles. This would result
in relatively low marital satisfaction, and consequently, in an increased
probability of marital dissolution (Bartz and Nye, 1970).

Empirical studies which consistently pointed out the inverse association
between age at marriage and divorce face some methodological problems.
Studies, which focused only on the relationship between age at marriage
and divorce suffer from an omitted variable bias as the failure to take into
account possible confounding factors creates biased coefficients. Among
these factors are the fertility behavior, labor force participation and
income level. Therefore, in these studies the relation between age at
marriage and probability of divorce may be spurious due to factors which



influence both age at marriage and divorce.

Studies, which investigated the relationship between age at marriage
and divorce by controlling other factors typically involved estimating a
probability of divorce equation in a certain interval of time as a function
of relevant explanatory variables. For example, Becker et al. (1977)
estimated the effects on the probability of divorce for age at marriage,
schooling, income, and children, and found an inverse relation between
age at marriage and the probability of divorce. The major shortcoming of
these single equation multivariate techniques is that some explanatory
variables of the estimating equation might not be exogenous. The obvious
example is the age at marriage variable. There has been theoretical and
empirical work pertaining to the determinants of age at marriage.! A
simultaneous equation bias is created by treating the variables like age at
marriage and fertility exogenous, when in fact they are determined
within the system.

An ideal estimation procedure, therefore, would be a simultaneous
equations system, where all the endogenous variables are estimated
jointly. A plausible system, for instance, would consist of age at marriage,
probability of divorce, fertility, labor force participation, duration of
marriage, and religious affiliation, where age at marriage, probability of
divorce, labor force participation, duration of marriage and fertility are
treated as endogenous variables. However, since many of the variables
are determined within the system, estimation of this simultaneous
equations model is possible only if one puts some identification
restrictions. Put differently, even if one starts with the premise that
there are mutual causalities between labor force participation of women,
age at marriage, fertility and divorce, and therefore they must be
estimated jointly within a simultaneous equations system framework,
the estimation can only be realized if one eliminates some of the variables
from some equations to be able to identify the system. This procedure
assumes that the excluded variables have noinfluence (or zero influence)
on the particular dependent variable, hence these restrictions are
sometimes called “zero restrictions”.

Moreover, in a static model one assumes that all interaction among
variables occur simultaneously. There is reason, however, to believe that
the variables of this system can have lagged effects on each other. In
other words, it takes time for changes in one variable to affect the others.
For example, the change in the divorce rate today might not be very
closely related to the change in the labor force participation today. More
realistically, today’s divorce rate depends on what has been happening to
the labor force participation in the past. What happens to the labor force
participation today affects what is going to happen to divorce in the
future. Thus, an accurate representation of the system should be the one
that takes into account the dynamic nature of the interdependence of the
variables.

This paper uses vector-autoregressions (VAR) to describe the dynamic
interrelations between age at marriage, divorce, fertility, and labor force
participation of women. The use of VAR lets us circumvent the above
mentioned empirical problems. The findings do not confirm the often
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reported inverse relation between age at marriage and divorce behavior.
We find that the inverse association between age at marriage and divorce
is not a causal relationship; rather young marriage and divorce co-vary
due to the changes in labor force participation and fertility.

Section Il describes the estimation methodology, Section [l reports the
results, Section IV is the conclusion.

II. METHODOLOGY

Previous empirical research on the relationship between age at marriage
and divorce behavior has several weaknesses. They are either based on
very limited specifications, where many relevant variables are not
included in the estimation, or they did not take into account the inherent
simultaneity of the variables. More precisely, to estimate a probability of
divorce equation as a function of only age at marriage would potentially
yield spurious results, since at least fertility and labor force
participation should be included as additional regressors. A multivariate
regression of divorce on age at marriage, labor force participation and
fertility is not reliable either, since fertility, labor force participation, and
age at marriage are not exogenous variables that are determined outside
the system. On the other hand, a simultaneous equations system can be
estimated only if one puts some a priori restrictions on the model which
are hard to justify theoretically. Also, the dynamic nature of some
potential mutually causal relationships (like the ones between the labor
force participation of women and age at marriage, age at marriage and
fertility, fertility and divorce, and divorce and labor force participation) is
difficult to model using ordinary regression techniques.

Noticing the empirical problems encountered in traditional cross-
sectional estimations, Michael (1985) estimated bi-variate vector-
autoregressions between labor force participation and divorce, labor
force participation and fertility, labor force participation and age at
marriage, using aggregate United States data. This paper differs from his
in two ways. First, we use monthly data as opposed to yearly, which
yields much more information about the dynamics of the system. More
importantly, the results obtained from bi-variate vector-autoregressions
do not necessarily hold when one includes additional variables to the
model (For theoretical and empirical discussions of this issue see
Lutkepohl 1982, Mocan 1990).

This paper is the first to attempt to investigate the dynamic
interrelations between age at marriage, divorce, fertility and labor force
participation of women in a multivariate context using vector-
autoregressions (VAR). The application of VAR enables us to consider
labor force participation, fertility, divorce and age at marriage as
endogenous variables, and to observe the dynamic influence of each of
them on the others. A VAR can be interpreted as the reduced form
relationship that arises from a dynamic stochastic structural model, the
underlying parameters of which are based on the utility functions and
the constraints (Eckstein et al. 1985). Since VAR is essentially a reduced
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form estimation, it does not yield information about the structural re-
lationships between variables. For example, we are not able to tell whether
early marriage leads to higher fertility which in turn leads to higher
divorce rates, or early marriage leads to higher labor force participation,
thus lower fertility and higher divorce rates. However, we do not
consider this as a major drawback, because as mentioned above, even
with a very rich micro data one can only estimate a quasi-structural
system. The advantage of our technique is its ability to estimate the
whole system without imposing any restrictions on the behavioral
patterns, and perhaps more importantly, to uncover the dynamic
interactions among the variables.

In a VAR system, each variable is regressed on its own lagged values,
lagged values of the other endogenous variables as well as lagged values
of the relevant exogenous variables. Thus a VAR does not put a priori
restrictions on the system, and allows all the variables to be explained by
the dynamics of all other variables. Because the right-hand side variables
in each equation consist of past values, they are all predetermined. Thus,
the system can be consistently estimated using ordinary least squares
(OLS). Furthermore, estimating each equation separately using OLS
produces asymptotically efficient estimates, provided the right-hand side
variables are the same in every equation (Hakkio and Morris 1984). Thus,
the VAR methodology has the potential to uncover causal time-series.

This study employs monthly U.S. data which cover the time period
1963-1982.2 Fertility (FERT) is measured as the number of births per
1000 women between the ages of 16 and 44. The variable LFPR stands for
the labor force participation rate for women who are 16 years of age and
over. YOUNGMAR measures the proportion of brides between ages 16
and 24 in their first marriages to the number of women in the same age
group and shows the tendency to marry early. The divorce rate
(DIVORCE) is measured as the number of divorces per 1000 married
women who are 18 years of age and over. The ratio of males to females in
population (SEXRATIO) is a proxy for the available alternatives to
women. This fifth and the only exogenous variable is expected to have an
influence on the timing of marriage as well as on divorce, and therefore
on the whole system.

One should note that the theoretical framework is based on individual-
level observations: Labor force participation, marriage, divorce and
fertility are individual decisions. Therefore, the appropriate empirical
analysis should be based on individual-level micro data. However, the use
of micro data, although theoretically more relevant, does not let us
circumvent the statistical problems as outlined above. Since the variables
of the model are all interdependent, studies based on micro data
inevitably will suffer either from a simultaneous equation bias, or an
omitted variable bias. Moreover, even with the richest micro data one
cannot capture the dynamic interdependence of the variables. Because of
the above mentioned limitations of the individual data, other individual
actions, like criminal conduct, have been extensively analyzed using
aggregate data (Ehrlich 1975, Cook and Zarkin 1985, Corman et al. 1987,
Coverand Thistle 1988, Corman and Joyce 1990). Another example is the
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relationship between the consumption of health inputs such as prenatal
care and nutrition and its impact on health outcomes measured by
birthweight, which is well documented at the individual level.
Researchers also investigated whether the relationship holds at the
aggregate level (Corman and Grossman 1985, Corman ef al. 1987).

In our case, VAR is the most appropriate estimation technique since it
allows us to avoid the simultaneous equation biases and to capture the
dynamic relationships among variables. The technique dictates the need
for time series data with a large number of observations. Consequently,
we employ monthly time series data described above.

All variables are expressed in logarithms and linear and quadratic trend
variables are included in each equation. Since the variables are not
seasonally adjusted, each equation contains eleven dummy variables to
account for monthly variation. .

The estimated system has the following form:

13 5 12
(M Y= Gt 2 o Dy ¥ 2 % Bijs Yinstei i=1,...4

where C; represents the constant, and Dy, represents eleven seasonal
dummies and the two trend terms in each equation. Y, stands for the
endogenous variables, a(yand B, are the coefficients. Since twelve lags of
SEXRATIO are included in each equation as exogenous variable, j goes
from 1 to 5.

If the VAR model in (1) is correctly specified, the errors of each
equation (¢; ) should be a white noise. In other words, if our system does
not omit any relevant variables and if the lag structure captures the
dynamics correctly, there should not be additional information contained
in the error terms; hence the errors should behave randomly. To check
the specification of the system, several tests were performed. All of these
tests demonstrated the white noise properties of the errors (See the
Appendix).

I1I. IMPULSE RESPONSE FUNCTIONS

A very appealing aspect of the VAR framework is that it permits a
random shock to one variable to move across all the equations and allows
for a rich set of dynamic interactions. Consider, for example, the simple
VAR model below which consists of the divorce rate, the labor force
participation rate, and age at marriage. For ease of demonstration each
variable enters with one lag only.

AM,=a; +B,AM,; +v DIV, +6,LFPR; +¢,
DIV,=a, +B8,AM; +¥,DIV; +8,LFPR; +u,
LFPR( =g +BJAMt-1 +‘y3D[VH +63LFPRt_1 +Vt.
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A one standard deviation shock in the labor force participation rate o,
(the standard deviation of v,) at time t will change the future values of
divorce, age at marriage and labor force participation itself. At time t the
labor force participation rate will rise by the amount of the perturbation,
oy. In period t +1 the divorce rate will change by 8,0, age at marriage will
change by 8,0,, and the labor force participation will change by 8,0,. In
period t + 2 the[divorce rate will change by (8,8, + v,8, +6,85)0,, age at
marriage will change by (8,6; + v6, + 8:85)0,, and labor force
participation will change by (838, + v38,+ 85%)0,. This example illustrates
how a VAR framework allows for dynamic interactions among variables.
The change in the divorce rate at time t + 2 for example, depends on the
lagged effects of age at marriage on divorce (B8,), of the labor force
participation on age at marriage (8,), of the labor force participation on
divorce (8,), as well as the own dynamics of the labor force participation
(85) and the divorce rate (7,), and the magnitude of the initial shock (o).

In this section we will report these dynamic simulations of the model
(Impulse Response Functions in the VAR terminology). Mapping out the
responses of the variables to unanticipated shocks in one of the variables
will allow us to gain insights into their dynamic interactions.3

As long as the errors of the variables are contemporaneously
correlated (the off-diagonal elements of the variance-co-variance matrix
is nonzero), changes in errors occur simultaneously, hence a change in a
variable can not be attributed to the innovation in that variable alone.
Therefore an orthogonalization of the errorsis needed, which is obtained
by triangularization of the variance-covariance matrix of residuals, to
create a block recursive system among errors.t The transformation
imposes a causal ordering among the contemporaneous errors. The
impulse response functions presented below is based upon the following
causal ordering: LFPR, FERT, YOUNGMAR, DIVORCE.s

To make the impulse responses comparable, the response of each
variable is expressed as a proportion of its standard deviation. The first
characteristic of the system is its stability. The figures indicate that the
responses to shocks in the system tend to dampen, with variables
converging to the initial values within five years.

Figure 1 presents the dynamic responses of the proportion of young
marriages and the divorce rate following a shock in the labor force
participation rate of women. After the increase in the labor force
participation rate, the proportion of young marriages increases for 30
periods. During the same interval, the divorce rate rises as well. After the
third year, the proportion of young marriages declines and returns to its
initial level; and so does the divorce rate.

Figure 2 presents the reactions of the proportion of young marriages
and the divorce rate to an unexpected increase in fertility. Note again that
the proportion of young marriages and the divorce rate exhibit a co-
movement similar to the one in Figure 1. Figures 1 and 2 demonstrate the
strong interaction between the proportion of young marriages and the
divorce rate, which is consistent with a priori expectations and the
reports of past research. According to Figures 1 and 2, an increase
(decrease) in the proportion of young marriages couples with an increase
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(decrease) in the divorce. It should be noted, however, that this co-
movement of the proportion of young marriages and the divorce rate is
due to the unexpected increases in the labor force participation rate and
fertility. Figure 3 demonstrates the response of the divorce rate to an
increase in the proportion of young marriages. According to this picture,
the divorce rate is not influenced in any significant way by an increase in
the proportion of young marriages. The shock to the proportion of young
marriages generates oscillations in the divorce rate, which lose their
magnitudes after the twentyfirst month and approach the pre-shock
level. The proportion of young marriages and the divorce rate co-vary
due to changes in labor force participation and fertility, but the divorce
rate does not react to change in the proportion of young marriages.
To check the robustness of the results, different versions of the model
are estimated. First, the model is estimated using a different measure of
economic activity pertaining to women. Unemployment rate for women
who are 16 years of age and over substituted for the labor force
participation rate. The impulse responses of this system are reported in
Figures 4-6. Figures 4 and 5 illustrate the joint movement of the
proportion of young marriages and the divorce rate when there are
innovations in the female unemployment rate and fertility. Figure 6
shows the behavior of the divorce rate after a shock in the proportion of
young marriages. These pictures are very similar to the ones reported
earlier (Figures 1, 2 and 3). Once again, the proportion of young
marriages and the divorce rate exhibit a co-movement due to changes in
fertility or labor market activity, but an increase in the proportion of
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young marriages does not cause an increase in the divorce rate contrary
to the evidence of cross-sectional analyses [e.g. Becker et al. (1977),
Booth and Edwards (1985), Lee (1977), Schoen (1975), Weed (1974),
Bumpass and Sweet (1972)]. This implies that it is merely a correlation
between age at marriage and the divorce behavior that is observed, but
there is no causality from age at marriage to divorce.

To increase the degrees of freedom, SEXRATIO is dropped from the
system. The system with LFPR, FERT, YOUNGMAR, and DIVORCE
generated the same results as the initial system containing SEXRATIO as
an additional variable. Similarly, the exclusion of SEXRATIO from the
system where unemployment variables were substituted for LFPR did
not alter the results.

A Misspecified Model

A VAR consisting of YOUNGMAR, DIVORCE, SEXRATIO, the
constant, seasonal dummies, and trend variables is estimated. This is a
misspecified model, since it omits fertility and the labor force
participation rate. In that sense it is the VAR representation of the
methodology employed in previous studies. After estimating the model, a
one standard deviation shock is applied to the proportion of young
marriages. The behavior of the divorce rate is presented in Figure 7. In
this model, as in previous studies, an increase in the proportion of young
marriages generated an increase in the divorce rate. However, as is
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shown in the previous section, adding fertility and labor force
participation to the system makes the observed causality from age at
marriage to divorce disappear (See Figure 3). It is not the causality from
age at marriage to divorce that creates the picture of joint movement
between the two; rather, the intervening effects of labor force
participation and fertility generate that co-movement.

IV. CONCLUSION

In this paper we used vector-autoregressions to gain insights into the
dynamic relationships between age at marriage, divorce, fertility, and
labor force participation of women. Since these variables are highly
interdependent, standard estimation techniques suffer from a simulta-
neous equations bias in case of inclusion of all the variables in the
estimating equation. On the other hand, it is very difficult to identify the
system as a simultaneous equation model without putting a priori zero
restrictions. We estimate the model without imposing any identification
restrictions. Age at marriage, fertility, the divorce rate, and the labor
force participation rate are permitted to depend on the past values of each
other. Theimpulse response simulations allowed us to observe the short-
run reactions of the variables to the unexpected perturbations in the
system. Contrary to the evidence presented by cross-sectional analyses,
no significant influence of young marriages on the divorce rate is found:
A positive shock to the proportion of young marriages did not generate
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an increase in the divorce rate. On the other hand, young marriages and
the divorce rate simultaneously increased or decreased when there were
increases in the fertility or labor force participation rates. This outcome
implies that the inverse association between age at marriage and divorce
is not a causal relationship; rather divorces and marriages co-vary due to
the intervening effects of labor force participation and fertility. This
conclusion is supported by the bi-variate regression between age at
marriage and the divorce rate. In that model which omits the labor force
participation and fertility, an increase in age at marriage generated an
increase in divorce. The results hold when we use the unemployment
rate for women instead of the labor force participation rate.

APPENDIX
SPECIFICATION TESTS

First, to see if the lag specification adequately captures the dynamics of
the model, the estimated system with 12 lags of each variable was tested
as a restriction on systems with 15and 17 lags. The null hypotheses of no
difference was accepted in both cases. The x2 statistics was 81.97 with 60
degrees of freedom in the former, and 128.3 with 100 degrees of freedom
in the latter.® Secondly, a Sims exogeneity test (Sims 1972), coupled with
the a priori knowledge as to the exogeneity of SEXRATIO, enabled us to
perform a specification test of the model. For illustrative purposes
suppose the following simple VAR model represents the correct
specification:

Xe = a1 Xypq tapXen T oz Yo oy Yo tasEey T agE; + ¢
Yy =B X1 ¥ B2 Xea t B3 Yeq + B4 Yoo + Bs Eer T B¢ Epy T,
Eei =7 E; Ty

where X and Y are the endogenous variables. E is the exogenous variable,
and therefore explained by its dynamics only. If one estimates the
equation

Xe =08 Xpq T8, X2 T 63 E g + 8, Eep T 05 Epar=v,,

omitting the lagged values of Y, but including the future value of the
exogenous variable, the chain of correlation between E;4; and Y, may give
rise to a significant estimate of 8;70, which represents the specification
error of the model, since the future values of the exogenous variable is
not expected to influence the current value of the endogenous variable.

The first row of Table 1 reports the F-statistics for the 12 leads of
SEXRATIO in each of the four equations of the system. They are not
significantly different from zero, implying the rejection of the hypothesis
that there is a specification error of the model.

Lastly, a Lagrange Multiplier (LM) test was applied to the residuals.?
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The LM statistic provides a general test for autocorrelation of errors, and
is valid when the set of regressors includes lagged dependent variables.
The tests were based on additional regressions, in which each dependent
variable is regressed on the same set of variables plus the set of lagged
residuals. One rejects the null hypothesis of no autocorrelation (white
noise errors) if the set of lagged residuals are different from zero.

The last five rows of Table 1 show the xZstatistics for the coefficient of
lagged errors in each equation for 1, 2, 4, 6 and 12 lags of the errors. Asis
evident, the x2 values are small, leading us to the acceptance of the
hypothesis that the errors of the estimated system are white noise, hence
the system is well specified.

TABLE 1
SPECIFICATION TESTS

TEST EQUATION
STATISTIC LFPR FERT YOUNGMAR DIVORCE
F-statistic for
twelve leads of 1.323 .688 .962 1.778
SEXRATIO? (.213)  (.760) (.488) (.581)
LM-test, Chi-squareb
Ho: p; =0 3.303  3.284 442 1.691
Hy: py =p; =0 2.600 4.116 622 3.900
Hy:py=..=ps =0 5065 6.288 2.760 6.716
Ho: py =... =pg =0 7.818 6.630 3.450 8.766
Hy: py =... =p1, =0 13.584 20.400 18.600 9.192

aThe numbers in parentheses are the marginal significance levels.

bThe residuals are regressed on the same right-hand side variables and a
set of lagged residuals. An F-statistic is computed for the coefficients on
the lagged residuals. Multiplying F by the number of autocorrelations in
the null hypothesis yields the x’ statistic, where the number of
autocorrelations in the null hypothesis is the degrees of freedom. The
critical values for x’ at the .05 level for 1, 2, 4, 6, and 12 degrees of
freedom are 3.841, 5.991, 9.488, 12.592, and 21.026 respectively.
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FOOTNOTES

1See for instance Keeley (1977, 1979), where household production theory and search
theory are incorporated to explain the incentives to marry and the determinants of age at
first marriage.

2The data are obtained from various issues of National Center for Health Statistics Monthly
Vital Statistics Report, Vital Statistics of the U.S.. Department of Health, Education and
Welfare, Statistical Abstract of the United States and the Citibase.

3We chose not to report the estimated coefficients. The model contains 296 coefficients (74
in each equation). Therefore, it is very difficult to make inferences by them. Also, the
individual coefficients may not be very informative due to collinearity in this kind of heavily
parameterized model (Corman et al.). The outputs of model (1), however, are available from
the author upon request. After estimating the VAR modelin (1), it is converted into a linear
combination of the innovations. The impulse responses are based upon the moving average
representation of the following form:

4 ]
Yir = z ) ol,].s Ujrs i =1,...,4,
j=1s =0

where ug) stands for the error term and 6,) represents the moving average coefficients.
1For details, see Gordon and King (1982), Sims (1980), and Litterman (1979).

5The imposition of a causal ordering among the contemporaneous innovations only matters
when their correlations are substantial. Consider Fisher’s z-transformation. z =In[(1 +r)/
(1 - r)], where r is the sample correlation. The statistic n!/2z is distributed approximately
N(0,1) in large samples, where n is the degrees of freedom for the least squares residuals. In
our case with n =190, a correlation must exceed .07 in absolute value to be significantly
different from zero. This was only the case with the correlations between YOUNGMAR
and FERT, and YOUNGMAR and DIVORCE, where the correlations were -.17 and -.09
respectively. The alternative causal orderings for these variables did not change the results
in any significant way; neither quantitatively, nor qualitatively. In particular, no ordering
did generate different results from the one without a causal ordering.

°This is the modified Chi-square proposed by Sims (1980, footnote 18).

7The Durbin-Watson statistic is not appropriate when the specification includes a lagged
dependent variable; nor strictly speaking is the Box-Pierce Q-statistic. The LM statistic
provides a general test for autocorrelation of errors, when regressors include lagged
dependent variables (Breush 1978, Godfrey 1978).



