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Abstract. In family research, bidirectional influences between the family and the individual are usually analyzed in discrete time.
Results from discrete time analysis, however, have been shown to be highly dependent on the length of the observation interval.
Continuous time analysis using stochastic differential equations has been proposed to circumvent this problem. The present study
examined the bidirectional influences between family relationships and adolescent problem behavior by means of both discrete-
and continuous-time cross-lagged panel analysis. The effect of the length of the observation interval on the results from both
procedures was investigated. Data were collected from a community sample of 288 Dutch families consisting of a father, a mother,
and two of their adolescent children. Whereas results from discrete time analyses differed considerably when a 2-year instead of
a 1-year interval between measurements was used, results from continuous time analysis appeared to be less affected by the length
of the observation interval. Continuous time analysis revealed family relationship characteristics and levels of adolescent problem
behavior to be highly stable over time. Relatively small cross-lagged effects were found between family relationships and
adolescent problem behaviors.
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Over the past several decades, the bidirectional view of
child socialization has become increasingly popular
(Bell, 1968; Lytton, 1990; Wittenberg Fisher, 1996). The
child is no longer viewed as a passive recipient of his or
her (family) environment, but is believed to actively
shape it. This view is implicit in the family systems ap-
proach, in which bidirectional influences between family
relationships and children’s problem behavior are as-
sumed (e.g., Boszormenyi-Nagy & Spark, 1984; Minu-
chin, 1985). That is, family relationships are believed to
influence the child’s problem behavior, which in turn
influences the family relationships.

A design that has become increasingly popular in
family research to investigate the bidirectional influenc-
es between family characteristics and child problem be-
havior is the cross-lagged panel design as originally
proposed by Lazarsfeld (Lazarsfeld & Fiske, 1938; La-

zarsfeld, 1940). In the cross-lagged panel design, the
variables under investigation (e.g., family characteris-
tics and child problem behavior) are assessed at more
than one time-point. Thus, one can assess the effect of
variablex at Time 1 on variabley at Time 2 and, in the
opposite direction, the effect of variabley at Time 1 on
variablex at Time 2. In addition to these cross-lagged
effects, the design offers the possibility to estimate in-
stantaneous effects, which go from variablex at Time 2
to variabley at Time 2, and, in the opposite direction,
from variabley at Time 2 to variablex at Time 2. An
important feature of the cross-lagged panel design is
that, while estimating the cross-lagged or instantaneous
effects, one controls for the initial correlation between
the two variables, as well as for the autoregressive ef-
fects of both variables, that is, the effects both variables
have on themselves. Because of its strengths, the design
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was classified as “quasi-experimental” in the well-
known evaluation of designs by Campbell and Stanley
(1966).

In family research (as in the behavioral sciences in
general), most cross-lagged analyses have been per-
formed in discrete time. There are, however, several
problems associated with the estimation of discrete time
effects. First, researchers are confronted with the dilem-
ma of which effects to estimate: Cross-lagged effects or
instantaneous effects. Vuchinich, Bank, and Patterson
(1992) assessed instantaneous as well as cross-lagged
effects between parental disciplinary behavior and child
antisocial behavior, and found that the results for both
kinds of effects differed and only the instantaneous ef-
fects were significant. In discrete time, there is no way
to relate the two different sets of effects or to combine
them in a unitary, unequivocal measure for the under-
lying causal effects (Oud, 2002).

Another important disadvantage of the discrete time
effects is that they are highly dependent on the length
of the interval between measurements. Simulation re-
search has shown that the length of the interval between
measurements may affect the magnitude of coefficients
and the order of magnitude of coefficients (Oud, 2002).
Consequently, conclusions about the relative strength of
the bidirectional causal effects between two variables
on the basis of discrete time analysis depend on the time
interval chosen in the model. Researchers choosing dif-
ferent discrete time intervals may arrive at opposite
conclusions. Since it takes some time before one vari-
able can affect another variable, cross-lagged coeffi-
cients will have value 0 over∆t = 0 and will reach a
maximum value after some finite time interval∆t.
Eventually, however, the influence will vanish and go
back to 0. The time interval when the maximum is
reached is different for different variables and different
models.

Even the sign of the effect has been shown to change
when using different intervals: A positive effect may
turn negative and vice versa (Oud, 2002). Researchers
using a specific interval may conclude that the effect is
negative, whereas researchers using different intervals
may conclude that the effect is positive. All this clearly
shows that the results of researchers using different time
intervals between measurements are difficult to com-
pare and often appear to be contradictory (see also Gol-
lob & Reichardt, 1987; Lorenz, Conger, Simons, &
Whitbeck, 1995; Sher, Wood, Wood, & Raskin, 1996).
Continuous time analysis is necessary to enable ade-
quate comparisons across studies.

Although application of continuous time models is
quite common in econometrics and physics, in family
research this approach is virtually nonexistent. The ba-
sic argument for continuous time analysis is that the

process of mutual influence does not cease to exist be-
tween measurements (Oud, 2002). This is true for all
processes within the behavioral sciences, including
family processes. Family characteristics and child prob-
lem behavior, for example, influence themselves and
each other continuously over time and are not restricted
to the discrete observation time points the researcher
happens to choose. Therefore, discrete time modeling
of family processes is an over-simplification and often
a distortion of reality. The over-simplification consists
in the assumption that the arrows jump from one point
in time to the next one and that between measurements
nothing happens. Instead, the estimated cross-lagged
coefficients over the observation interval∆t are compli-
cated mixtures of the continuous-time cross-lagged and
autoregressive effects in a constant interchange over
and heavily dependent on the length of the observation
interval∆t chosen. Continuous time modeling is neces-
sary to disentangle the continuous-time cross-effects
and auto-effects from the discrete time mixtures.

The theoretical framework for our study was the fam-
ily systems theory of Ivan Boszormenyi-Nagy (Boszor-
menyi-Nagy & Spark, 1984). This theory links interper-
sonal perceptions of justice within the family to prob-
lem behaviors in children. It is assumed that problem
behaviors result from a disturbed balance of give and
take between family members, or from a lack of justice
within the family climate. In the opposite direction,
problem behaviors are also believed to have a detrimen-
tal effect on the family relationship climate.

The aim of the present study was to examine empir-
ically to what extent the results from discrete- and con-
tinuous-time cross-lagged analysis are dependent on the
length of the time interval between measurements (i.e.,
a 1-year vs. a 2-year interval). The variables under in-
vestigation were family justice and adolescent external-
izing problem behavior. To estimate the continuous time
effects, we implemented the approximate discrete mod-
el (ADM) procedure as proposed by Bergstrom (1966,
1984) within a cross-lagged panel design. The ADM
gives reasonable approximations of continuous time ef-
fects by imposing simple linear constraints on estimates
of discrete time effects.

We hypothesized that the results from continuous
time analysis would be less affected by the observation
interval than the results from discrete time analysis. In
accordance with Boszormenyi-Nagy’s family systems
theory (Boszormenyi-Nagy & Spark, 1984), we expect-
ed an increase in family justice to be associated with a
decrease in adolescent externalizing problem behavior.
Furthermore, an increase in adolescent externalizing
problem behavior was expected to be associated with a
decrease in family justice.
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Method
Participants

Data for the present study were collected from 288 two-
parent Dutch families with two adolescent children. A
representative selection of 23 municipalities throughout
the Netherlands provided lists of families with at least
two adolescent children between 11 and 15 years of age.
Once these families had been informed about the study
in writing, interviewers contacted them, verified that two
of the children met the age criteria, and invited them to
participate. Eventually, 288 families (50%) of the fami-
lies contacted, which met the criteria, participated in the
study.

At Time 1, the older adolescents (144 boys, 144 girls)
were on average 14.5 years old (ranging from 11.4 to
16.0) and the younger adolescents (136 boys, 152 girls)
were on average 12.4 years old (ranging from 11.0 to
14.8). A subsample of 242 families (84%), for whom
complete data on the family relationship and problem
behavior scales (see below) were available at all three
measurement waves was selected for the present analy-
ses.

Procedure

Families participated in three measurement waves, with
1-year periods in between. After written consent had
been obtained from a family, a trained interviewer made
an appointment for a home visit. Parents and children
filled in the questionnaires at home, at the same time, but
independently from one another.

Measures

Family Characteristics

At each of the three measurement waves, parents and
children completed the Justice scale from the Nijmegen
Family Relations Test (NFRT; Oud & Welzen, 1989).
Justice(12 items) refers to the way the balance of giving
and taking in the relationship with the other is experi-
enced (e.g., “This person is honest with me”). All four
family members indicated (on 5-point Likert scales) the
extent to which each item was true for each of the other
family member. The social relations model (SRM; Ken-
ny & La Voie, 1984) was used to obtain a measure of the
family climate (i.e., the family component). For a de-
tailed description of the application of the SRM approach
to family assessment see Kashy and Kenny (1990), Cook
(1994), and Delsing, Oud, De Bruyn, and van Aken
(2003).

Problem Behavior

At each measurement, father, mother, sibling, and ado-
lescent reports on two scales of the Nijmegen Problem
Behavior List (NPBL, Research version; De Bruyn, Ver-
mulst, Houtmans, & De Meyer, 1997) were collected to
assess adolescents’ externalizing problem behavior: Ag-
gressive Behavior(e.g., “This person fights a lot”) and
Delinquent Behavior(e.g., “This person does things that
could get him/her into trouble with the law”). Both scales
consist of five items. Subjects indicated on 5-point Likert
scales ranging from 1(not at all true) to 5 (completely
true) the extent to which each item was true for the re-
spective target child (i.e., the older and younger adoles-
cent). Father, mother, sibling, and adolescent reports on
the NPBL were used as indicators of a latent problem
behavior variable for adolescent externalizing problems.

Analytic Design

In the present study, the bidirectional associations between
the SRM family component and the problem behavior
variable were estimated. Figures 1 and 2 show the general
form of the four cross-lagged models that were tested by
means of the SEM program LISREL(Jöreskog& Sörbom,
1994). Models A and B (Figure 1) represent the general
discrete-time cross-lagged models with 1-year and 2-year
intervals between measurements, respectively. In these
models, cross-lagged and autoregressive effects are esti-
mated.Models C andD (Figure2) represent the the general
continuous-time cross-lagged models with 1-year and 2-
year observation intervals, respectively, that were estimat-
ed by means of the ADM. In addition to cross-lagged and
autoregressive effects, instantaneous and self-loop effects
are estimated in the continuous time models.

Inaccordance with the ADM approach, inModelsCand
D, the cross-lagged effects were set equal to the instanta-
neous effects. In other words, the effect of family relation-
ships at the first measurement (T1) on problem behavior
at the second measurement (T2 in Model C and T3 in
Model D) was set equal to the effect of family relationships
at the second measurement on problem behavior at the
second measurement. Similarly, the effect of problem be-
havior at T1 on family relationshipsat the secondmeasure-
ment was set equal to the effect of problem behavior at the
second measurement on family relationships at the second
measurement.The autoregressive effects were constrained
to be 1 plus their self-loop coefficients (i.e., the effect of
family relationships on family relationships at the second
measurement and the effect of problem behavior on prob-
lem behavior at the second measurement).

In Models A and C, the parameters for the first mea-
surement interval (i.e., from T1 to T2) were set equal to
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Figure 1. General  discrete cross-lagged
models for family relationships and ado-
lescent problem behavior. Model A: Two
1-year intervals, Model B: One 2-year in-
terval.
Note:F = Family Relationships; P = Prob-
lem Behavior; T1 = Time 1; T2 = Time 2;
T3 = Time 3.

Figure 2.General continuous time cross-
lagged models for family relationships and
adolescent problem behavior. Model C:
Two 1-year intervals, Model D: One 2-year
interval.
Note:F = Family Relationships; P = Prob-
lem Behavior; T1 = Time 1; T2 = Time 2;
T3 = Time 3.
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the corresponding parameters for the second interval
(i.e., from T2 to T3). In all models, the loadings of cor-
responding indicators of the problem behavior variable
were constrained to be equal across time points. Corre-
sponding measurement error variances were allowed to
correlate across time points. Separate models were tested
for the older and younger siblings.

Results

Table 1 gives the standardized coefficients for the dis-
crete and continuous time cross-lagged paths between
family justice and adolescent externalizing problem be-
havior for 1-year (Models A and C) and 2-year (Models
B and D) intervals. As can be seen, for both the older and
younger siblings, the discrete-time cross-lagged effect of
family justice on adolescent externalizing problem be-
havior increased dramatically when a 2-year instead of a
1-year interval was used between observations (going
from –.27 to –.58 and from –.23 to –.60, respectively).
Mixed results were found for the discrete time effects in
the opposite direction, that is, for problem behavior on
family justice. For the older sibling, the sign of the effect
changed from negative to positive when using a 2-year
instead of a 1-year interval. For the younger sibling, the
(positive) effect increased. Note, however, that none of
these effects was found to be statistically significant. Al-
though not shown in Table 1, all discrete time autoregres-
sive effects were very high (> .78), but decreased consis-
tently with a longer observation interval.

Inspection of the standardized coefficients for the con-
tinuous-time cross-lagged paths between family rela-
tionships and adolescent problem behavior reveals that,
for both the older and younger sibling, the estimated ef-
fect of family justice on externalizing problem behavior
is hardly affected by changes in the observation interval
(–.31 vs. –.33 and –.23 vs. –.28, respectively). Again,
mixed results were found for the effects of problem be-
havior on family justice, but, as with the discrete time
effects, most of these continuous time effects were not
found to be statistically significant, regardless of the ob-
servation interval.

Our results suggest that an increase over time in family
justice is associated with a decrease in adolescents’ exter-
nalizing problem behavior. Little support was found for an
effect in the opposite direction, that is, for externalizing
problem behavior on family justice. The high autoregres-
sive effects for family justice and externalizing problem
behavior indicate that both are very stable over time.

Conclusions

The aim of the present study was to investigate the effect
of the observation interval on the discrete and continuous
time estimates of the cross-lagged effects between fam-
ily justice and adolescent externalizing problem behav-
ior. We hypothesized the continuous time estimates to be
less affected by the observation interval than the discrete
time estimates. In accordance with Boszormenyi-Nagy’s
theory, we expected to find evidence for bidirectional
influences between family justice and adolescent exter-
nalizing problem behavior.

The cross-lagged panel design, introduced by Lazars-
feld (Lazarsfeld & Fiske, 1938; Lazarsfeld, 1940), has
become popular as a means of assessing bidirectional
causal effects in a nonexperimental context. The present
study demonstrates that the analysis of the cross-lagged
panel design in discrete time, however, leads to confus-
ing results. In accordance with our hypothesis, discrete
time estimates appeared to depend heavily on the length
of the time interval between measurements. This was
most obvious with regard to the effect of family relation-
ships on adolescent problem behavior. The sizes of the
discrete time effects of family justice on adolescent ex-
ternalizing problems roughly doubled when the observa-
tion interval was doubled. Apparently, these coefficients
have not reached their maximum value after a 2-year
interval and will still increase for some time before even-
tually going back to 0. The impact of the observation
interval on the discrete time effects in the opposite direc-
tion, that is for problem behavior on family justice, was
less clearly interpretable. This probably has to do with
the fact that none of these effects was found to be statis-
tically significant. The observation interval cannot influ-

Table 1.Standardized coefficients from discrete and continuous time cross-lagged models of the associations between family justice
and the older and younger sibling’s externalizing problem behavior: 1-year and 2-year intervals.

Family relationships to problem behavior Problem behavior to family relationships

Older Younger Older Younger

Discrete time ∆t = 1 year –0.27*** –0.23*** –0.08 0.05

∆t = 2 years –0.58*** –0.60*** 0.04 0.38

Continuous time ∆t = 1 year –0.31** –0.23** –0.24* –0.04

∆t = 2 years –0.33*** –0.28*** –0.07 0.07

Note:*p = .05; **p = .01; *** p = .001, all two-tailed
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ence an effect that simply is not there. In addition to the
changes in discrete-time cross-lagged effects, discrete
time autoregressive effects decreased with a longer inter-
val, which is to be expected given that the value of a
variable at an earlier point in time is generally less pre-
dictive of the present value of that variable than the value
of that variable at a more recent point in time.

The present study shows how the problems associated
with discrete time analysis can be resolved by means of
continuous time analysis. A recently developed continu-
ous time procedure was described: The ADM. This pro-
cedure uses linear constraints that can be implemented in
SEM programs like LISREL (Jöreskog & Sörbom,
1994). As expected, results obtained from these ADM
analyses were relatively independent from the length of
the observation interval. The changes thatwere found
can most likely be ascribed to sampling fluctuations.

Application of the ADM revealed that cross-lagged
effects were primarily found in one direction, namely
from family relationships to problem behavior. As such,
the present data provide limited support for the bidirec-
tional influences between family relationships and ado-
lescent problem behavior as assumed by Boszormenyi-
Nagy (Boszormenyi-Nagy & Spark, 1984).
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