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described. termed "sequential methods.” that proposed to permit
estimates of the maenitude of specific components of developmental
change by controlling for the confounds mentioned above (Schaie.
1965) .

The sequential designs were applied to empirical data sets
obtained as part of the Seattle Longitudinal Study (Schaie., 1979.
1983: Schaie & Hertzog, 1983). From these applications it soon became
apparent that there were specific patterns of data Woncwmwﬂwoz that
lend themselves most readily to optimal utilization of the sequential
analysis strategies (Schaie & Geiwitz. 1982: Schaie & Willis. 13986b).
It also became apparent that different sequential designs were
appropriate for different developmental questions (Schaie, 1973). and
that there was a need to specify design complications that allowed for
the control of some of the validity threats specified by Campbell and
Stanley (1963). Design variations were therefore explicated that
permit controls for reactivity. practice and experimental mortality
(Schaie, 1977. 1982: Schaie & Parham. 1974). Most of our early
concerns were related to the estimation of development as a function
of chanee in performance level. More recent work has extended these
concerns to the comparison of structure (i.e., the regression of
observables upon latent constructs) across different age groups and

within cohorts over time (Hertzog & Schaie. 1986: Schaie. 1986; Schaie

& Hertzog. 1982, 1985. 1986).
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Scope of Presentation
In the body of this presentation I will formally examine some of
the characteristics of the general developmental model. review how the
strategies derived therefrom relate to non-developmentally oriented
prescriptions for quasi-experiments. describe an optimal data
collection approach that permits flexible application of sequential
data analysis strategies. and discuss strategies for the estimation of
specific developmental components and the vwmmm:dmﬁwmz of
developmental change gradients for a number of applications. Because
others at this conference will deal extensively with design problems
in studying structural change. my remarks will be confined primarily
to the examination of design problems in the study of am<m~ou$m:&mw

changes in level of performance

The Basic Model

The original formulation of the General Developmental Model
specified that anyv developmental change could potentially be
decomposed as being influenced by one or more of three independent
sources (Schaie, 1965). The general equation offered was of the
form,

R = £(A.C,T) (1)

where the observed change in response (R) could be described as a
linear combination unobserved components of age (maturational) change

(A). differences between cohorts in experiences that occurred prior to

the first time-of-measurement (C). and environmental impact (period
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provides an illustration of minimum data sets required for each of the

three paradigms (cf. also MOTWﬁm. 1983b).

The first strategy was called cohort-sequential (CS) and requires

that at least two cohorts be assessed for at least two age levels

(requiring a minimum of three times of measurement). Decomposition
can then occur in the form,

Xesiy = ai +ci +acij + eij (4).
Data for the age by cohort matrix can be obtained by repeatedly
measuring the same cohorts. in which case the cohort component
represents individual differences while the age component and the
interaction represent intra-individual change. Alternately the data
matrix may be formed by the repeated assessment of successive
independent random samples from the same population cohorts. In the
latter case, the age component and interaction represent shifts in
age-indexed population parameters.

The second strategy was termed time-sequential (TS) and requires
that at least two age levels be assessed at a minimum of two times of
measurement. To fill this data matrix. one would ordinarily require a
minimum of four samples extending across three cohort levels.

Decomposition of this matrix will be of the form.

Xtsik = ai + tk + atik + eik (5).

Developmental Designs Revisited
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All components of this age by period model involve population
estimates. and no estimates of intra-individual change are provided.

The third strategy. called cross-sequential (XS). requires a

minimum of two cohorts assessed at two times of measurement (in this
instances involving at least three age levels). This matrix can be
decomposed as follows.

Xxsik = cj + tk + ctik + ejk (6).
As for the cohort-sequential strategy. it is ﬁommwvwm to assess
mmeﬁpmm repeatedly to yield individual difference estimates between
cohorts. and a period component and cohort by period interaction that
estimate intra-individual change. Alternately independent random
samples from successive cohorts would yield estimates that reflect
population differences between cohorts and across time for all
parameters.

As suggested in our earlier discussion. violation of any of the
side conditions stated above would cast doubt upon the interpretation
of estimates for any of the components. and violation of the equal
interval assumption would further compromise interpretations regarding
the relative importance of any of the components (cf. Botwinick &
Arenberg. 1976). We will later on return to possible ways in which
planned design mis-specifications might be used for intuitive tests of
the presence and relative magnitude of confound effects (cf. Costa &
McCrae. 1982: Schaie. 1982; Schaie & Hertzog. 1983: Schaie &
Labouvie-Vief, 1974; Schaie & Parham, 1974, 1976).

First we must deal

though with a number of other matters
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childhood or advanced old age. In such instances. cross-sectional
designs might actually provide more credible estimates of maturational
change. than do the more volatile repeated measure change scores
obtained from short-term longitudinal data. Needless to say the
reduction of error due to the effects of history. reactivity and

practice are obtained at the price of not being able to investigate

individual differences in intra-individual change.

roup designs are frequently required in
longitudinal (or short-term intervention) studies when it is important
to compare prospective developmental effects in individuals who are
members of the same birth cohort and thus of the same chronological
age but who have had differential developmental histories. For
example., it would make no sense to assign randomly early and late
maturing children in a study that would investigate growth during late
adolescence., or to assign randomly individuals who had declined on
different abilities in a study that would investigate the possibility
of reversing such decline on these abilities (cf. Schaie & Willis,

1986b: Willis & Schaie. 1986).

Sequential Strategies

The sequential designs may be conceptualized explicitly as
quasi-experiments that control for threats to the internal validity of
studies that are not directly addressed by the single cohort
Such designs may be

longitudinal or single cross-section studies.

complex separate samples plan that control for history

Developmental Designs Revisited
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(cohort-sequential with independent mmSUHmmv or secular trends
(cross-sequential with repeated measurements). may involve multiple
time series (cohort-sequential with repeated measurements). or may
represent institutional cvcle designs that control for age trends
Rﬂwsmlmmacmnﬂwmwv. Certain design complications of the seguential
methods. furthermore allow control and/or estimation of the validity
threats due to reactivity (practice effects) and experimental
mortality. 3
Threats to the internal and external validity of quasi-
experiments, of course, are substantively driven. As stated earlier,
maturation is never a threat to a study that is interested in change
over time. Likewise, history or selection effects may be minimal when
narrow age ranges are investigated. Practice effects may be of great
concern in performance assessment but may me of minimal importance
when data are obtained via behavior observations. Realizing that it
is not possible to control for all validity threats in a quasi-
experiment, the experienced researcher will always need to engage in a
cost/benefit analysis to differentiate the crucial from the trivial
validity threats. Let me stress. therefore, that the sequential
strategies, are methods of choice only when it would be unwise to
dismiss the validity threats they are designed to control or estimate.
but not otherwise.
The side conditions for each of the sequential strategies

explicated earlier also have clear implications for economy in design

choice. Thus, for the estimation of population parameters, it would
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assume that members leaving the UOUCHmﬂHOI will on average be replaced
by other members with similar characteristics (sampling with
replacement). An age range of interest is defined at Time 1. and is
sampled randomly at intervals that are optimally identical with the
time chosen to elapse between successive times of measurement. At
Time 2. previous participants are retrieved and restudied, providing
short-term longitudinal studies of as many cohorts as there were age
intervals at Time 1. At the same time. a new random sample is drawn
from the population frame over the same age intervals as in the Time 1
sampling. with one additional sample at the age level currently
attained by the oldest sub-sample assessed at Time 1. The whole
process can be repeated again and again with retesting of old subjects
(adding to the longitudinal data) and initial testing of new samples
(adding to the cross-sectional data). As will be seen. three
assessment points will provide maximize design benefits, although one
or two additional measurement points will allow additional design
refinement.

What are the analyses that become feasible as additional

data is gathered over time?

Time 2 Analyses

The second data collection converts the original longitudinal
study into a series of C (number of cohorts studies at T1)
longitudinal studies, and the additional cross-section provides a
cross-sectional sequence over two occasions. A series of C time-lag

comparisons is also available. In addition, it is now possible to

Developmental Designs Revisited
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examine the repeated measurement data as w cohort x time matrix
allowing cross-sequential analyses. The cross-sectional sequence can
be further examined as an age x time matrix (time-sequential strategy)
or as an independent measures cohort x time matrix (cross-sequential
strategy). A cross-sectional experimental mortality analysis can be

done by comparing Tl data for those individual who were successfully

reexamined and those who were not retrieved at T2.

Time 3 Analyses -

The third data collection. in addition to replicating
longitudinal findings upon the samples first tested at T2, permits the
analysis of age x cohort data matrices for C - 1 data sets for both
repeated measurements on the same subjects or independent samples from
the cross-sectional sequence. In addition age x time and cohort x

time matrices can be analyzed for a 3 x C data matrix.

Experimental
mortality analyses, classifying dropout to occur after both the first
and second occasion, can now be conducted using either an age x time x
dropout or a cohort x time x dropout model. Alternatively it is
possible to estimate effects of practice for either an age x time x

practice level or a cohort x time x practice level design (cf. Schaie

& Parham, 1974).

Time 4 and 5 Analyses
Although all of the sequential paradigms can be estimated by

three measurement occasions, there are some additional options
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hand. finding a significant interaction would clearly cast doubt on
the validity of the zero confound assumption (cf. Schaie & Parham,
1974, 1976: Schaie, Orshowsky. & Parham. 1982; Schaie & Hertzog. 1983,

for empirical examples of planned design misspecifications).

Lower-bound Estimates of Developmental Components

Planned design misspecifications are useful also for the
estimation of lower-bound estimates of developmental components. That
is. for equal interval data sets it can be concluded that for an age x
time matrix (each component being egually confounded with cohort), the
excess of the age component over the age x time interaction must be a
lower-bound estimate of the unconfounded age component. Similarly in
a cohort x time matrix. the excess of the cohort over the time x
cohort interaction would provide a lower-bound estimate of the
uncontounded cohort component. The excess of the time component over
its associated interaction in either design would provide the
lower-bound estimated of that component in unconfounded form. Note,
however. that this approach has primarily theoretical interest in that
it addresses the relative contribution of developmental components as
proportions of variance accounted for.

An alternate approach to the estimation of lower-bound component
estimates that may have direct applicability to the construction of
generalizable age gradients (to be discussed later), takes advantage

of the component imbalance of typical data sets that have a large

number of age/cohort levels as compared to the time of measurement

Developmental Designs Revisited
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levels. As Botwinick and Arenberg quﬂmv.5m<m pointed out this will
lead to the cumulation of the confounded variance in the effect having
the larger number of levels. On the other hand the confound becomes
asymptotic for the effect having only a single interval when averaged
across many levels of the larger effect. This leads to the
UOmmewwwﬁ< of estimating relatively unbiased period effects,
generalized over the entire age/cohort range under consideration, that
can then be used to construct corrected age gradients that are more
likely to be generalizable beyond cohorts and historical period of the
data from which they were generated. If the same cohorts have been
assessed at multiple time points, it is then also possible to obtain

similar corrections for average cohort levels.

Some Prescriptions for the Construction of Age Functions

As suggested above, the ultimate objective of most descriptive
studies of age-related development is to arrive at some descriptive
function that will provide indications of the level and slope of
changes in the dependent variable across the age range of interest.
Such functions are not only of theoretical interest, but are also
useful in providing the kind of data that may be relevant for the
determination of social policies in areas such as age discrimination
in employment, mandatory retirement, and the determination of levels
of competence required for independent function at developmental
transition stages such as adolescence and the onset of advanced old

age. There are actually three different topics that should be
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empirical applications. I hope you will find some of the resultant

experiences that I shared with you useful for your own work.

28
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