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Methodological Problems in Descriptive Research on Adulthood and Aging
K. Warner Schaie

West Virginia University

I. Introduction

Increased methodological sophistication on the part of many developmental
researchers has in the past few years led to a searching re-examination of the
developmental literature. Such a re-examination suggests the blunt conclusion
that much of the reasonébly sound work done on children has made little con-
tribution to the formulation of laws of human development while most-of the
work on adult development has been methodologically unsound (Baltes and Goulet,
1970). The most promising work with young organisms would, therefore, presently
involve laboratory explorations manipulating developmental phenomena but the
stage of pre-experimental descriptive work or at best the utilization of experi-
ments of nature must necessarily continue for the study of adult behavior.

Although many of us thought that the taxonomic stage of inquiry into adult
development had reached the level where experimental work could begin at about
the time of publication of Biren's handbook (1959), we have since recognized
that much of the literature reported there has little to offer to our undes=
standing of aging within individuals. This Titerature merely reports how indi-
viduals who differ in chronological age also differ on other dimensicns at a

given point in time. Those few studies which are longitudinal in nature, do not
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help us either, since they contain a host of methodological problems, some of
which will be considered in this chapter which generally reduce their status to
that of biographical accounts of highly selected subgroups over unique time
periods,

In my chapter in the volume to which the present is a successor (Schaie,
1970), I have attempted to show ways in which more useful information might
be obtained from the existing literature by various schemes of re-analysis in
the case of cognitive behavior. The presant chapter, by contrast, is directed
to the researcher who is about to start a study of change in adult behavicr,

"1 will attempt to raise the kinds of issues which the knowledgeable researcher
on adult development must now consider before implementing his research design.
By no means, do I wish to suggest that all caveats to be mentioned can be
attended to successfu11y in any given study, but neither can they be.ignored
in specifying the assumptions for a study if its results are to stand up to
serious éritica] review.

I am going to assume in my presentation that the prospective investigator
has raised a meaningful research question and has defined his independent and
dependent variables. My concern here then will be with issues of research
implementation which although implicit in.any developmental research probliem
will bear spécial consequences when working wfth an adult subject population.
My discussion will begin with questions of sampling and generalizability and
I will recommend for reasons to be detailed later than, with certain exceptions,
representative samples should generally not be used in studies of adult develop-
ment. I will then plead for the utility of hypothetico-deductive models in
studies of adult development and review the consequences of alternate models

for research implementation.
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. Without répeating the detai]ed presentation of the general deve1opmenta1_
model {Schaie, 1965) I will take another tack at the age differences vs. age -
changeg issue, by placing this issue in the context of distinguishing research
questions which are designed to consider within generation changes from those
involving matters of spacies differentiation. I will try to clarify this basic
| issue further by distinguishing the implications for strategy of research effort
involving cchort-specific changgs, species~specific changes and culture-specific
changes. Each of these models, as will be seen, requires alternate sets of re-
trictive assumptions to permit meaningful interpretaticn of research results. I
will then examine some special issues occurring in within cohort (longitudinal)
research designs, including the effects of socio-cultural change, effects of
repeated measurement, and changes in factor structure over time. Similarly,
between cohort (cross-§ectiona1) designs will require consideration of compari-
son within and between cross-sectional studies, prospective and retrospective
estimates as well as the question of whether age-appropriate or. cohort-
appropriate instruments need to be used to measure one's variables. Finally,

I shall provide some comments on what I see as the hierarchy of priorities to
be assigned to the above issues to achieve an orderly forward move out of our

present methodological dilemmas.
II. Some Questions Related to Sampling and Generalizability

It has been conventional in the psychological literature which addresses
itself to the mapping of the nature of individual differences to demand that
samples ought to be as broadly representative as possible in order to allow
wide generality of research findings. Many investigators therefore are auite

apologetic in describing their more Timited samples, concluding inevitably that
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their findings ought to be replicated on more representative samples. This
stance is a very simple mindad one in that it assumes that there are some
valid a priori reasons why a represantative sample is indeed required to solve
.a particular preblem. Although there may be some rationale for the representa-
tiveness of the investigation in survey and demographic studies, it may:be
questioned whether or not a representative sempling design is always the ideal
to work towards in developmental research with adult subjects. Before answering
this question one way or the other we must first of all understand what kind of
age changes we wish to study, i.e. whether the reference populatioh we wish to
generalize is to be the intact,'represen%ative, idealized or restricted popula-
tion going through a temporal sequence, Mext we need to considér whether we
are interested in developmental change occurring in the organism either as a
function of species contingent maturational events and constant environmental
inputs or whether we want to study the effects of cumulative patho]ogy whese
vpreva]ence increases with advancing age but whose incidence is not inevitable
in any individual member of the group under investigation. We will also see
that the model of aging to be utilized wi11(he1p us determine which of the
possible sampling strategies appears moit reasonable and likely to yield data

which will provide a valid test of our mbde].

A. What age changes are to be studied?

The student of adult behavibr has at least three different options for
selecting his subject population. These options arise out of the fact that
attrition of samples is inevitable due to the correlation of age with mortality
as well as the fact that there are only rare populations of adults which are
captive in the sense that the researcher can prevent their incidental oy purpo-

sive removal from further participation in his investigation.The rescarcher way,
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therefere, select his sample to be representative of the pepulation of
individuals to which he wishes to generaiize at the study's inception, he may
consider data cnly for an intact sample (i.e. those individuals who are members
of the residual sample at the study's conclusion), or he may be cuite selective
in specifying a sample which is appropriate to the variable to be studied, but
not necessarily representatiye with respect to any identifiable population

group as such.

1. Aging in representative populations.

The definition of a representative sample is fairly straightforward in a
Tongitudinal study. A1l that is implied here is that random (or stratified)
sampling has occurred from a census type Tisting of all thé members of the
population cohort at a ‘specified chronological age within the demographic
Timitations thought to be reascnable for a given study. Generalization here
may be feasible to wider populaiions dependent upon our knowledga of the
demographic’ characteristics of the sampling base. HNote, however, fhat except
for very unusual circumstances of environmen§a1 stability or experimenter
control over his sample, the representative nature of the sample will hold true
only for the first measurement occasion and not therecafter. This is necessarily
- the case, since sample attrition due to natural causes or experimentai artifac:i:
will rarely be random. Two radically different sampling strategies should,
therefore, be advocated. The choice of strategies depends on whether the
investigqtor's objective is to assess age changes within individual organisms
or whether he wishes to estimate population parameters of age changes to develo!
general laws, | |
| In the first instance, in the absence of total control over one's subjects,

it will be necessary to conduct collateral studies on the effects ofvexperimenta
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attrition (to be discussed in more detail further on) to cetermine in what
manner the sample deviates from its original representative nature at subsequent
measurement points. But also, and this caution holds equally true for samples
which suffer no attrition whatsoever, it will be necessary to determine whether
the residua] sample at subsequent measurcment points is still representative of
its parent population. Developmental researcher often neglect the fact that the
characteristics of the parent population change through attrition over time in
a systematic manner, but not negessarily in the same manner as holds true for a
given longitudinal semple drawn from that population. It is cbvious then that
Tongitudinal szmples cannot be legitimately described tc be representative of a
given population at more than one point in time unless suitable collateral
evidence is presenfed. In any repeated measurement study, moreover, a sample
céases to be rebresentative of its parent population as soon as it has been
tested once in the sense that it's regponse characteristics have of necessity
been modified by the initial assessment in a manner which is not characteristic
of the parent population. That is, at subsequent measﬁrement points it would
differ from any other random population sample in that the assessment tools or
situation had previcusly been applied tc the longitudinal sample but to no cther
If the investigator is interested in estimating population parameters witho
concern for the evaluation of individual age gradients he should then consider ti
independent random sampling approach to longitudinal study. Specifically, ono
would take a random sample from a given cohort at Time 1, and at subsequent
measurement peints would comparé it with new random samples drawn from the same
cohort. Depending on the mobility characteristics of the population base, this

would require application of either a sampling with or without replacement mocel
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It is suggestéd that the Tatter model is perhaps the only case in which use o
a representative sample for the study of developmental questions can at all be
logically defended.

It is possible theoretically to obtain a representative sample of the total
population at a given point in time in a cross-sectional study. The sub-sample
in such a study for a given age, however, cannot be representative of the total
membership of the particular cohort. This can be demonstrated by inspection of
actuarial tables which show théi in adult samples, differential attrition occurs
for successive cohorts at identical ages. This means that it would be hazardous
to argue that a sample of fifty year olds tested in 1970 is as representative
of peop]e'born in 1920 as the sample of fourty year olds is representative of
peopie born in 1930. For that matter, we cannot assume either that an obtain-
able sample of fifty year olds in 1970 is likely to be as representative of
their cohort as a similar sample of fifty year olds would have been had we
assessed such a group in 1960.

In view of the fact that there are intense generation and age differences
in many demographic variables it is simply misleading to apply the term repre-
sentative with respect to a cross-sectional study. A sampie which is represent-
ative with respect to one demographic variable will by definition have to be
biased with respect to other characteristics. These matters should be obvious,
but it is timely to bring them into focus, if only to educate journal editors
who continue to insist on broadly representative sampling bases for stucies of
adult development without full awareness of the absurdity of their requirement.

To summarize, samples representative of a given cohort at birth will succes:
jvely become less representative of that cohort because its attriticn will not

necessarily follow the laws applying to attrition in the population. A cross-
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sectional sample of a population at one point in time cannct have generality
because rates of cumulative trauma and othcr facters effccting attrition will

cnange from one generation to the next.

2. MAging in intact populations.

Having rejected the utility of representative sampling for develepmental
studies of adult behavior, except in the special case of the Tongitudinal inde-
pendent random sampling design, we must now turn to the major alternative. That
is, one might select a sample with respect to its stability characteristics, so
that one might study only those individuals who will survive the duration of a
given study. While this approach is feasible in terms of criteria such as
predictors of iongevity if one wishes to study behavibr changes in the very
old (of., Platt and Parkes, 1967), it genorally suffers from the problem that we
Go not generally have adequate knowledge of the factors which permit predicting
whether or not a given subject will remain in a study. Conscquently, the study
of intact populations is frequently defined either as the retrospective study
of a presently available sample, or as the analysis of data restricted to the
survivors of a given longitudinal sample. The generality of findings in such
study is impaired again in the first case by the cautions suggested for the
representative cross-sectional sample, and in the latter case requires the
usual collateral studies regarding the differences between survivors and non-
survivors,

If populaticn parameters rather than individual age gradients are of inter-
est the further option exists te treat the survivors as a randem sample of their
population cohort at the latter measurcment point and compare their average with

the mean for the total sample at the study's initiation. This approach, however,
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is probably a poor substitute for the independent random sampling appreach
advocated éar?ier. Most Tongitudinal studies, however, will simply be limited
by the nature of their sample of survivors, and findings reported therefrom
should be carefully identified as being rostricted to similar populations.

If the experimenters' objectives are. well defined it may consequently be
better to-select extreme samples which permit explication of certain relationshi-
albeit for very restricted populatfon bases. When populaticn pérameters are to
be estimated, however, it seemslclear that sequential strategies permitting
generalization over several generations will be required, and that stratified
sampling should be considercd with respect to demographic characteristics which
have low correlation with the variables to be investigated, if random or ncar-

random selection with respect to the experimental variables is to be hoped for.

3. Aging in extreme instances.

There are many variables where the experimenter is not interested in
population parameters but wishes to study how various behaviors express them-
selves at different developmental stages under jdealized or stress conditions.

In these instances one might argue for the desirability rather than the dis-
advantage of highly biased samples. For example, if one wants to gather data

on optimal intellectual function in old a§e for the purpose of developing
retraining programs, it would seem better strategy to work with a sample of the
active intelligent and intact aged to determine what the maximal parameters might
be within which individuals at a given age level can perform.

The use of extreme samples is not without its own problems. In contrast to
the representative sampling situation, where as heterogencous a sample as possible
is sought, the extreme sample should be as homogerecus as pessitie. The special
pannel, or highly selected volunteer grcup is therefore a most useful source of

subjects. Depending upon the variables to be assessed, careful screening of
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subjects may be required.  If optimal performance levels are to be sought,
selection procedures may nead to include routines to discourage.all but the
most highly motivated volunteers. Conversely, if one is interested in defin-
- ing minimun levels of functioning compatible with survival, institutional
‘-popu]afions may be ideal. An explicit example of a study employing the
strategy of selecting an cxtreme sample has been reportgdlby Schaie and
Strother (1968c). |

A]fhough the question of génera1ity is not at issue with extreme samples,
it is still necessary to know the relation of the sample to its parent popula-
tion. One may need to be concerned about the issue of base rates, that is
the incidence of the extreme subjects in the population, as well as the extent
to which the subjects investigated are skewed from the population average.
The 1attér concern is of particular importance when subsequent parametric
studies on the entire fange of the bchavior of intercest is contemplated.

Even in extreme samples, the experimenter will face the question whether
‘he should randomly sample from the class of extreme subjects or whether he
- should narrowly define his class so as to permit exhaustive study of a finite
population. If he uses the random sampling approach he will again face the
dilemma whether to base his findings on data restricted to those subjects
available at all-measurement points or whéther he should compare the means
of his subjects at all points as being represéntative samples of the parent
population. No such dilecmma exists if .the extrcme sample is treated as a
finite population. In that case, measures of change must be restricted to the
survivors only, since it would be absurd to include data on individuals wno
are no longer members of the changing finite population. Measures of popula-
ticn status, however, would by similar reasoning be based on the tota

population at cach measurcment point.
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B. Developmental Change vs. Development of Pathology

Most developmentalists interested in maturity and old age implicitly accept
a model of aging which entails cumulative traumatic experience and loss of
function due to pathologic cccurrences which may or may not be causally rclated
to the>species-determined biolegical clock or the mere passage of time. Never-
theless, most sampling plans either ignore such a model or explicitly specify
selection criteria which are at best arbitrary conventions. But, if we are
concerned about the generalizabklity of our research findings, we must also
consider the impact of selection decisions Which determine how pathoiogy is to
be treated.

A common procedure is to specify that no subjecté will be included who
suffer from physical disabilities or who are currently under psychiatric care.
In view of the fact that the prevalence of physical disability and psychiatric '
disorder increases systematically with age, such selection would ensure differ-
ential representation of successive -cohorts.in cross-sectional stucies and would
lead to systematic experimental atiriticon in Tonoitudinal inquiries. That is,
if it were true that decremental:..developmeintal changes ars exaceérbated by physi-
cal or emotional.trauma, then the changué reported in "normal" populations
defined as above vould yield serious underestimates of expected cevelopmental
change in samplés assessed at age levels with low prevalence of pathology.

A similar objective, that of controlling for the effects of social patholog:
is often approached by excluding institutionalized subjects from a study.

Again the representativeness of the sample will be impaired since the frequency
of institutionalized members of successive cohorts will show a substantial
correlation with chronological age if only-because of the statutory provisions

for handling disabled and aged individuals. Whether or not such exclusion is
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defensible will again depend upon the experimenter's principal objective. That
is, if population parameters are to be estimated, then tﬁe institutionalized
popu1atiqn ought to be sampled as well. If not, co11atera% stud{es may be in
order to detenﬁine in what manner institutionalized and non-%nétitutioaa]ized
populétions do differ with respect to the variable of interest. This issue
becomes important when comparisons of older.and younger subjects are to be
made, and differences are found which pérsimonious]y cannot be attributed
either to age generation or environmenta? treatﬁent effects, but which will be
due s{mply to the comparison of‘two demographically non-equiva]ent'sampies.

It may, of course, be argued that certain types of physical impairment or
institutional restraints may result in the artifactual impairment.of psycho-
logical functions. The g_Egjggi_assumption, however, that this is indeed the
case may be based more on the investigator's hunches fhan upon empirical data.
Indeed, much of the more respectable experimental aging research has’ been
conducted with institutionalized and physically inpaired samples. Failure to
replicate findings has usually accurred because of specific design flaws rathei
than the usual characteristics of the sample employed.

In view of the fact that the frequency .of pathology increases with age,
and that cumulative effects of pathology may be noted in all aging individuais,
it would seem futule to trace “pathologyvfree“‘developmentaT processes, except
in cases where it can be demonstrated tﬁat occurrence of a given pathology doas
not correlate with chronological age. In the latter instance, experimental or
statistical control of the degree of such pathology is, of course, & must.

The emphasis of the researcher concerned about the impact of patholegy as a
confound in aging study gught therefore be directed to the study of that
prevalence of pathology/;t different ages in relation to the variabizs he is

interested in.
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C. Hodels of Aging and Resulting Research Strategies

If genaralizations are to Le drawn from studies of adult development then
mouels of aging must be implicit in the investigator's design and subsequent
sampling pian. ‘I{ would Le‘batter if the investigatg} weré to explicate his
mouef while he is still in the design phase rather than attumpt to perform a pes
-hoc analysis to'déférﬁine what kind of ricdel his research design had éxpressed
intuitively. Two‘different, but equally impcrtant, issues must be met in the
design of any uevelopmental stucy. First, the investigator must‘specify the
dimensicn of development which is to Lo investigated. If he is interested in
~generalizing over maturational events he will most 1ikely'de$ign’a project which
investigates age chahges within gencrations. If he is interested ih descriting
the perfcrmance of organisms at different maturational levels at ore historic
point in time, or tu prepare data basic to scocial polfcy cecisions to be
implemented immediateiy, he will then be concerned with age differences. Op

the other hand, if he is concerned with the stability of bLehavicral pheavmena
R (s

.

at given levels of development, or with the effect of treatment variables upon
developmental phencimena which are independent of maturational events, he will
have to consider'a time-lag approach. The dmplications of this major question
will be uiscusseu in more detail further on. '

The second basié questioniﬁhich shdu]d Le explicated in'any devélopmentaf
research planbis the héture 6f the assumad ége function. A]théugh it might be
attractive to p]ead‘fgnorance and ﬁake no assumption whatscever, the result of
such decisiéh for gobd reséaﬁchiuesign is clearly unfortunate. Such stance
implicitly leads tc designs'whiéh scek to refute the null hypothesis! A much
better approach‘would seem to be the specification of an experimental hypothesis
or alternative hypotheses, with subscquent test whether or not cuserved data

fit the specified function.
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Three different kinds of models for age functions appear to underlie most
empirical invéstigations. The first assumes that once maturity is reached,
adult behavior remains stable. The second model assumes that aging in adults is
accompained by decrement phenomena, such that in an irreversable manner, the
old are disadvantaged as comparad to the young. The third model also assunies
that there is decrement, but qualifies the "irreversability" assumption of the
seccnd model, by infroducing thg additional condition of cunulative environmenta’
compensation, Each of these models allows further elaboration, since "satbility'
may involve cycling within a range and decrement functions can have a wide
variety of shapes. The qusstion about the nature of the developmental function
is equally appropriate whether one investigates age changes, age differences or
time-lags. In the Tatter two instances, it would, however, be more precise to
speak of generation gradients or time of measurement (historical time) grad-

ients, rather than age functions.

1. Stability of adult behavior.

Stability of adult behavior can occur for a variety of functions which
may be of interest to the psychologist. I kave previously pointed out (Scheie,
1970) that the‘"stability“ model is quite reasonable for measures of the chrys-
tallized abilities, where it is assumed fhat the organism at maturity has
acquired all the “information available ih the environment with the respect to
the measurement variable, and where there is no reason to suspect that the ratio
of new information fnput to old information obsolescence will seriously deviate
from unity. If the information gain/loss ratio. (GLR) is above ﬁnity slight
within generation increment is to be expected while a GLR below unity will
create the appearance of a slight décrement function. Secular variations of the

GLR ratic, moreover, will lead to age functions which appear cyclical in nature.
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It should Le noted that the "stability" model is suitable alsu for these
few behgviorslwhich are primarily biologically mediated, Lut whose Lizlogical
sase remains statle from maturity to death. Reversible gffects causéd by
temporary cell or tissue loss and their regeneration would again result in
cyclical within generation functicns,

Note further that the “stability” model implicitly assumes that the
normal state of the organism is stability from maturity tc death and that
the presence of irreversible céanges arc incompatitie with such a model.

To adopt this model, thercfore, the investigator must either specify that
performance on the variables of interest is unccrrelated - with pathclogy, or
he must be prepared to stuty patholugy-free, and consequently unrepresentative
samples with respect 1o chrenological age.

It should not Le thought that age functions suggested by the stability
mocel are identical or immutable. We have alreacy noted that such functicns
can imply the maintenance of a constant level from maturity on or the cycling
about an optimal level as a functicn internal and external events. The functic
can show changes alsc in the age at which the asymptotic level is achieved, in
the age level at which performance begins to bLe correlated with pathology or
where pathology-free subjects can no longer Le found. '

In any event, cnce the "stability"'mcdel is postulated, the investigater
is no longer concerned with witnin generation age functicns or with age
differences, since these are specificu to be zero fdr the age range of concern.
Instead one would be concerncu with the determination of generaticnal shifts in
the asymptetic level attaineu at maturity and differentiate such shifts from th
transient cyclical events occurring as a function of time-specific inputs. The
cross-sequential methou (Scheie, 1965; Schaic anu Strother, 16682) would thon

beceme the experimental strategy of choice, as it permits difforentiation of
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cchort and time of measurcment effects, given the assumption o7 zero age

differances.

2. Irreversible decremant.

IF we were to consicer the entire life-span, wa would peced Lo distinguish

[

[ 1+

between develeopmental functions which are linear or curvilinear, and among the
Tatter thosce which are concave and those which are J shaped. Tﬁeré are, of
course, certain functicns, which show cumulative decrement frem Lirth on

(e.g. number of cells in the central nervous systum), but for most variables of
interest to the psychclogist it is possible to demonstrate a point of pe eak
performance which typically (althuugh not always) occurs in young adulthood.
The "irreversible vecrement" model, of necessity, assumes that performance

is t¢ be charted from that peak point to death. It also assumes, similar to

the "stability" mouel, that the effects of pathclegy are uncorrelatea with the
variables of intercst, or, converscly to the stability mudel, that the
1nvest1gator s sample at all age levels contains a represcntation of pathcisgy
characteristic of the general population. The latter assumption is particular
important if it is thought that decrement is to be conceptualized as the rozult
of cumulative pathclogy.

A further problem with the "irreversible cecrement” model, is the need e
know the peak point of performance in univariate, or the range of peak performe
ances in multivariate studies. 'But such peak porformance ages do nct remain
stable, since they may be subject LO generational shift also. |

Perhags the most useful applicaticn of the "irreversitle vecrcment” model
is for those variab]es where performance seems significantly dominateu by
perighernl sensory Tunctions ana psychomotor specd. It may Le argued that age

functicns here are likely to follow a Liologically Jdeterminec pattern which is
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- fNittle influenced by the cyclical events occurring within the life-span of a
. single organism, even though the function may shift as a consequence of events
occurring to the species or any of its subgroups over long periods of time.

Since the irreversible decrement model specifies that age changes will occur
as afunction of maturational events, regardless of environmental input, it becomes
pecessary to differentiate the variance which is maturationally determined from
that which may be generation specific, that is, level and attainment of peak

ormance age. The cohort-sequential method has the attributes necessary

for this differentiation. However, Wohlwill (1970c¢) has highlighted the reasons -

which make this method the least practicable strategy for developmental studies,
and it follows that the *‘irreversible decrement’” model is one that can be tested
only with considerable difficulty. From a psychological viewpoint moreover,

* jt does not scem probable that environmental input will be of minimal importance.

262 AEREPEFE _+ . K.Warner Schaie
_Cycli.ng cffects here, if present, would tend to yield pseudostability functions
for high gain-loss ratios and very steep decrement functions where the gain-loss
ratio is low.

C. Decrement with Compensation I

’,

A more reasonable position thani the *‘irreversible decrement’” model may
be one which assumes that maturational events require phases of growth and
decline which can be approximated by quasi-linear functions for either portion,
but where curvilinear alternatives exist which do not require that the peak of
performance occur temporally at an early adult stage. Moreover the curvilinear
pattems may be explained by environmental compensatory input, which becomes
effective during the decrement, but not during the increment phase of a life-span
growth gradient. In other words, during the growth phase, environmental input
affects observed performance minimaily, since the organism has not yet reached
its capacity/ B P o

L emage
T4 - ,‘ .

A < Y
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reached its capacity as specified by its biologically determined Timits.
During the decrement phase, however, bio]ogic§11y determined decrement may
in part be cumpensated for by envirormental 1npui, at least as observed in
cemplex psychoiogical measures.

The "decrement with compensation” mocel may Le particularly appropriate
fo% measures of fluid intelligence and for many other psycholegical variables
where reaction time is involved. The model is a]so generally appropriate for
variables where age changes during the adult period must be expecteu, where
long-term shifts over gererations seem urilikely, but where envirommental input
should have important cycling effects. For all such variables it would seem
important to differentiate variance due to maturational events from the variance
due to transient envircnmental input which might conceal the maturational
process.  The stratégy of‘choice f0r such differentiation would generally Le
the time-sequential methcd, the most practical of the sequential research
strategies, which allews identification of age and time of measurement variance
under the assumption of zero generation differences (Schaie 1965; Schaie &
Strother, 1968L).

It should be noted that the last model can Le applied to both intact cr
representative samples, since the presence ér alisence of age-related pathology
is not critical. That is, pathology is assumed to be present due to biologically
mediated decrement events Lut such pathology may Le compensated for by environ-
mental inputs. Consequently a case could Le made here to study a variable in
the fully compensated case (no observable patholegy) or in the naturalistic
case uncompensated pathology is Samp]ed by a fepresentative design).

Depending upon the slope of tha underlying maturational gradient, we way
either expact for this model that a modaratéiy*ttcelerniﬁng decremept-gradicnt

be abserved, or that in the extreme case, decrement be noted only just pricr io
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aeath, that is, when compenisatory inputs no longer suffice to stabilize the
behavier in question. The latter situation would, of course, be difficult to
differentiate from the "stability" model. Indeed, a reasonable design would
collect data in such a way that the stability and cumpensated decrement models

could be examined as alternate experimental hypotheses.

I1I. Within Generation Changes and Species Differentiation:

Should One Study Age Changes or Age Differences?

We must now backtrack to the fundamental question of what it is that the
developmentalist wishes to study, with special application to the analysis of th
adult phase of the human life cycle. In discussing various models of aging we
have already indicated that different classes of varialles may require different
assumptions about their developmental functions, which in turn require different
experimental strategies. Overriding these concerns, however, is the question
whether the developmentalist should concern himself about changes over time
within organisms or the comparison of corganisms at varicus developmental stages
at one point in time. In the past it has seemed as if the latter concern has
simply been one of approximating data which could not be directly cbtained for
the fofmer. I would now 1ike to propose that the questions to be asked by either
approach are, although related, quite distinct and of equal social importance.
To show the relevance of this issue to the design of studies on aduit development
this section will summarize the formal relationships between the two approaches
(the general developmental model). I shall then formalize the additional
restrictions desirable for the period of adult development which follow from my
earlier discussion of the relationship of age function models tc samnling

strategy. -
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A. The General Developmental Model Restricted
to the Period of Adult Development

The General Developmental lModel simply holds that the magnitude of a res-
ponse (as studied by the developmentalist) is determined by the age of the
organism, the cohort (generaticn) to which the organism belongs, and the point
in time at which the response is measured. Although the threce components of
deveXopmeﬁta] change are theoretically 1ndependent, they are confounded in the
_sense that the index for the third component is defined by knowlecge of the
other two indices. Since there are three ways ia which three comp§nents can
combine two at a time, it follows from the general develepmental model, that
there must be three ways in which capirical data can be collected, each approach
resulting in different although related confounds. The three ways in which
developmental data can be studied are, of course, the 1ongiiudiﬁa1, Cross-
sectional and time lag methods (Schaie, 1965). Each approach confcunds two
components of developmental change. The longitudinal confounds age ahd environ-
mental impact between times of measurement,the cross-sectional confounds age
and generation differences, and the time-lag method confounds envircnmeniai
jmpact between times of measurement and generation differences.

The general developmental model furthef calls attention to the %act that
the investigator has at his‘disposa1 for any particular range of the life span
a trapezoidal population, consisting of several generations, avaiiab]e to the
investigator over a specified period of time. The inycétigator therefore has
the option to study several cohorts over a specified age range (cohort-
sequential method), several cohorts over a specified period of time (cross-
sequential method) or several age levels over a specified period of time (time-

sequential method). The traditional methods, given the assumption that one of
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the components has a zero value, by comparison can, of course, yield “information

on ona oF the three componants only. The sequenti

o

1 mathods neve-the advantiace
that given certain assumotions, they will yield information on two of the three
componenis 6f developmental changes. Additional assumptions.may also permit’
the assignment of theoretical vé]ues to 211 three coinponents.

Since the age function for any veriable would be determined by the combina-
tion of functions for the three components of developmental change, there must
be as many as 729 distinct models for any growth function having &s few as
three observation points, if we allow nine distinguishable gradient slopas
(zero, positive, negative, concave, convex, accelervating, decelerating, positive
asymptotic, negative asymptotic). All these models will nzed to be considered
for total life-span studies. But if we define adult development, as the period
beginning with the attainment of maximal moturation, then matters become conside
ably simpler. We may immediately neglect all models for the age components of
developmental change which specify positive, concave, cohvex3 accelerating or
possitivex asymptotic slopes, resulting in a reduction to 324 distinct rodels.
If we further assume that for a given variable environmental input (whether shor
or long range) is uni-directional, that is either good or bad, we then find our-
selves limited to the manageable number of, at most, twenty-four alternative
component cembinations which would explain variation in adult behavior.
Explicitly, the stability model would permit sixteen combinations of the cohort
and time of measurement gradients (zero, positive, accelerating and positive
asymptotic for each). The "irreversible" decrement model would allow four
combinations (negative for age,with either zero, positive, accelerating or
positive asymptotic for the cohort gradient), as would the decrement with
compensation mocel (negative for age, zero, positive, accelerating or positive

asymptotic for environmental input).
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B. ' Scine Special Cases Requiring Further Restrictions
What theh are the related but conceptually distinct questions which the
developmentalist can and should address himself to.2 I have already stated
.that there are three kinds of auestions which can be deduced from the general
medal.  The first is concerned with cohort-specific changes, or the ontogenetic
study of individual organisms. The second involves the study of species-specifi
changes, or the variation in developmental functions for classes of organisms
p
over generations. The third involves the study of culture specific changes.
That is, the way in which changes in the environment will modify the response of
organisms at equivalent age levels. The particular confound in which the com-
ponents of developmental change must be observed to bear upon these questions

will now be specified and examples of psycholegical questions jven for each iy
P ¢ i p , it

1. Cohort-specific changes: The exploding universe of knowledge and

the chrystallized abilities.

A basic question to which many developmentalists wigh to address themselves
is that of predicting change of behavior over time from one developmental stage
to the next. For those variables where there is relatively Tow variability in
the slope of the,developmepfa} gradient this question can also be phrased as
_ that of the description of developmental. change within a homogenous group of

organisms. The conventional longitudinal repeated measurement study addresses
itself to this question, but it can answer the question only in a histerical
ﬁanner for the specific cohort which is being examined, unless the absence of
cohort and-time of measurement effects can be demonstrated. Since these assump-
tions are quite unreasonable for most psychological variables in adults I have,
“therefore, argued that the conventional longitudinal study may be suitable for

biological but not for psychological data (Schaie, 1971a). This dces not mean,
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howaver, that the basic question is trivial for the psychologist. In those
instances where there are maturational levels we need to know what thay are,
and in.thase cases where envirormental irput is all important we must know how
this affects development. But while models can be built from the study of
individual cases, nomothetic prediction will require adequate sampling of
successive populations for any developmental study. Given such information we
can then specify, what kind ofrage changes ought to occur for members of a
specific cohort, respectively for a given individual.

The case of the chrystallized abilities can serve as an exampie. In
general, cross-sectional data show moderate decline from an adult peek (e.g.
Schaie, 1958) while longitudinal data show lack of decrement (e.g. Owens, 1966).
From the general model it follows that such findings shculd suggest within
cohort stability but between cohort differentiation, conceivably modified by
cycling of the informafion GLR. Let us now assume that there is a marked incre-
ment in the amount of information available to successive generations, a notion
consistént with the explosive increase in the universe of knowledge. - IT we,
moreover, accept Cattell's (1965) hypothesis that the chrystallized abilities
are acquired, we would then have to arguz that the longitudinal approach will
not provide us with information useful for prediction once we have accepted the
adult stability model. As discussed éar1ier, it will now be necessary to apply
the cross-sequential model to test whether the consequences of an exploding uni-
verse of knowledge will in fact lead to age differences in asymptotic levels for
subsequent generations and furthermore whether temporal cycling of the GLR does
occur. Such data, if sampled over several cohorts and times of measurement woule
then yield the functions which would permit cohort-specific forward prediction.

A longitudinal measure would provide informalion on the cycling {duec to T) which


Hiroko


Lamasm

had occurred in the cohort on which the information was gained, but not the
interaction with level of perfommance which is needed to predict the performance
of a subsequent cohort at a given age level. The appropriate developmental
confound in the latter case is, of course, the time leg.

The snalysis of cohort-specific data is apporopriate whenever we wish €o
give an historical account of the behavior Qf a specific generation (by means
of longitudinal analysis) and when we wish to predict or make social policy
provisions for the future behavior of a perticular population group (by means
of time-lag analysis). It does not seem appropriate for the specification of

age functions thought to be general laws.

2. Species-specific changes: The casg of the fluid abilities.

A quite different question is being asked when vériations in age functions
which are maturationally determined are to be traced over time. Uhat we ave
interested in here is to determine whether or not the same growth and decrement
functions will hold for successive generations. The very practical reascn for
asking such a question might be to determine whether (a) individuals need to
receive differential treatment at different age levels at the present tima end
(b) whether policies once determined are likely to require modification in the
future. In contrast to cohort-specific questions, we are here interasted in
generalizable age functions, but also how such age functions vary over time.
Psychological variables to which these questions apply in the study of adult
behavior are generally those where speed of performance is important. As an
examp]e‘take the case of the fluid abilities, where it may be argued that the
matrix of development is largely set by maturational determinants, but where
the level of accomplishment may vary over generations due to either genetic

shifts or modifications in the environment equally effective for all members of
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the pépu!ation undeﬁ study. In this particular instance we would need to apply
the cohort-ssqueﬁtfé1 mode] in order to differentiate the nature of the ége
function from geﬂeraﬁfOﬂa1 shifts occurring thefein,'i.e. we would want to
sampie over ages and genepgtions to obtain géneral Taws. Qur specific questions
with respact to the shepe of the age function, héwever, could be answered by a
single 1ongitﬁdina! study if we assune Cohort—specific environmental impact to
be zéro. The gquestion of differences between age level at the preéent time,
however, would need to be answered by a cross-sectional study, since the confoun
of age and generation would be required to respond to the particular ques%ion.
Species-specific data from a single generation will in this case, therefore,
suffice to give information on the shape of the age function, but scquential
designs will still be needed to give information on gencralizeble levels of

the function.

3. Culture-specific changes: Tie case of disengagement.

A further question of interest to the developmentalist is to determine
whether 2 gfven beﬁavior thought to be age-related occurs systematically and
at a specified level at a given age. We may want to know whether the observed
behavior could be an artifact of a particular measurement occasicn or whether
the 1evél of performance at a given age will chahge from one measurement occasion
to another. This question, incidentally can also be broadened tb apply to. any
kind of behavior established by operant procedures (cf. Baer, 1971), since we
must know whether sucﬁ behaviors can reliably be programmed ét a givzn develop-
mental level, or whether the original success was an artifact of nci-recurring
environmental circunstances. A more familiar example to workers interested in

adult development, however, would be the case of disengagvent. Herz, we have an
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exnlicit theoretical formulation, which specified that reauction in the level
of social invé1vement will occur as an adaptive response in old age, and that
such & response has been programmed by the role expectations in our culture,
Unless we further assume that such role expectations are also species-specific
gives {a clear absurdity) tiien we would have to conclude that neither a cross-
sectional nor a longitudinal study could provide valid evidence to suppore
disengagement theory. In the one case we would simply ansﬁer the question as
to the level of disengagement at different ages at one point in time, vihile in
the other we would specify if end when disengagement occurred within a single
gencration. But in both instances we would have to assume a priori that dis-
engagement as an ag2 related phenomenon coes exist. To ask the more interesting
general question, we would vequire a time-sequential strategy where we would
sample different ages at different times of measurement. Only in such a
manner could we conclude whether or not disengagement was indecd a general
phiencmanon occuring at a specified developmental level. Otherwise we are left
with the more parsimonious.alternative that disengagement occurs in individuals
having certain sociological attributes which are unrelated to aging, aven

though they occur with higher frequency in the aged (cf. section II B above).

C. Implication of iliodels for the Selection of Research Strategies
Tie plea for the selection of the appropriate research model in studies
of adult development which the above examples have scught to focus has becen
made in the realization that past descriptive research has frequently collected
the wrong data to answer the right guestion, or even worse collected the right
data in ignorance of the questions to be asked appropriately from such data. I
shall now summarize this issue by stating unequivocally that a proper researcn

strategy and design for data collection can be developed only if (a) the
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specific developmental question is made explicit and (b) if the hypothesized
shape of the age function is specified. The first constraint is required to
know winat data are to be collected and should be obvious. The secoind is Tess
obvious but must be required if deveTopmenia] imﬁ}ications are to be inferred
from the cata. It is argued then that dcscr%btive developmental research
must utilize a nypothetico-deductive approach, because_obsefvaﬁional data
necessarily confound dimensions of cevelopmental change and do riot permit the
inductive procedures permissible in the non-developmental sciences.

As a guide to the reader who may finé if difficult to deduce a "code of
conduct" from the series of limiting assumptions specified in this and the pre-
ceding section of this chapter, I will now summarize the data gatnering strat-
egies which I consider most appropriate for each of thé descriptive questions
aiscussed above under the assumptions recessary for each of the three major
models for adult development:

1. Cohort-specific changes:

a. Are there age changes in general? This question cannot be

answered by any cohort-specific stratégy.

b. Are there age changes for a specific cohort {post-dictive)?

i. Stability model. We assume that there are no age changes

as such, but a longitudinal study would yield information on the GLR
cycling attributable to time of measurement differences,

ii. Irreversible decrement model: Since time of measurement

differences are here assumed to be zero, the longitudinal method
would provide the age function for the specific cohort.

iii. Decrement with compensation model: Time-sequential method

to permit differentiation of change due to maturation from that due

to specific temporal compensatory inputs.,
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c. Are there age changes for @ specific cohort (predictive)?
hte a p

j. Stability model: Since no maturational changes are expecied

we need the confound of generation and time of measurcment differences
to pradict the future performance of a specific cehort under this
assumption. This would involve time-lags and consequently the cross-
'seguential_methcd is needed to sample enough past time-lags to provide
realistic estimates.

ii. Irreversible decrement model: Here we wish to forecast

maturational changes which may differ among generations. The cohort-
sequential method is therefore required.

iii. Decrament with compensation: Performance of a specific

cohort at given ages may vary due to changes in environmental input.
Estimates must therefore be based on samples at various ages and times

of measuranent, the time-sequential method.

2. Species~-specific changes:

a. Are there age changes in general?

i. Stability model: No age changes are postulated, but the

cross-sectional method would give informaticn about generation =it
ences.

ii. . Irreversitl: decrement model: The cehort-sceouential methsd

would be required to describe both age function and generation differ-

ences therein.

ifi. Decrement with compensation model: Since compensaticn has
béen postulated as trivial with respect to species-specific changes,
and generation differences as trivial to the compensation model, tiiz
longitudinal method should in this case provide an acceptable age

function.
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b. Do individuals at different ages require differential treatment

- at the present time?

i. Stability model: Different treatment would have to be

besed on the fact of generational differences. These would in the

‘absence of age differences be directly detected by the cross-sectional

method.

ii. Irreversible decrement model: Present differences could be
due to age differences, cchort differences or both. Since they do not

require differentiation to answer this question, the cross~sectional

methed is again appropriate.

ii1. Decrement with compensation model: This model postulates

the absence of generation differences and the cross-sectional method

is therefore the proper estimate of age differences.

c. Mill social policies with respect to age require future

modification?

This question is directly concerned with the issue of generation
_diffeFences. Sotlutions require the differentiation of age and genera-
tion change with identical design; provided for the general question o
age changes in section 2a above.

3. Culture-specific changes:

The basic question here is whether or not individuals at given ages
show behavior variations as a function of the point in time when the behavior is
observed. This is generally speaking a question of measuring time-lag . The
postulated age function model will nevertheless be of importance in planning
the data collection if time-lag is to be investigated for more than a single

age tevel,
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a. Stability model: Since no age changes are pestulated a simple

time-lag design for each of the age levels and points in time of interest
will suffice. For more than one aga level this is formally equivaicent o
either cohort or time sequential method with intensive sampling at each
age level over either cohorts or times of measurement.

'b. Irreversible dzcrement model: Here cultural changes in the form

of generation differences must be separated from age changes. The cohort-
sequential method would be most appropriate.

c. Decrerent with compensaticn model: In this instance we need to

separate the effects of age from these of time of measurement differences,

and the time-sequential method is the design of choice.

4. What can the descrintive developmental strategies tell us?

At the risk of being unnecessarily vedundant I will end this section
by summarizing the questions which can be answered by each of the six alterna-
tive methods of date coilection.

a. Longitudinal method. Historical description of age changes in

a specific cohort under the assumption of stability (information abouh GLR
cycling) or irreversible decrement; detection of species-spacific age
changes under the assumption of decrement with compensation.

b. Cross-sectional method. Detection of species-specific gencraiion

differences under the stability assumption§ recommendations regarding tiecs
ment of individuals at different ages for immediate poticy decisions under
all assumptions; recommendatidns for long term policy decisicis under tho
stability assumption.

c. Time-lag method. Detoction of cultural change under the stability

assumption.
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d. Cohort-sequential method, Prediction of specific cchort performane

detection of species-specific eage changes, culture-specific changes and
recomnendations for long term policy dacisions under the irreversibie
decrement assumption.

e. Time-secuential methed, Historical account of age changes in a

specific cohort, prediction of specific cohort performance and detection
of culturc-specific change under the decrement with compensation assumption.
This method i5 also appropriate for information relevant to long term policy

recommendation involving both cultural and age changes.

f. Cross-sequential method. Prediction of cchort-specific change
under the stability assumption. Also appropriate for the separation of

culture specific change into cohort and time of measurement components.

IV. Within Cohori (Longitudinal) Studies of Adult Development

We will now consider a number of problems in the implementation of desurijfi-
tive résearch on adult development which are particularly relevant to studies
concerned with describing or predicting age changes within generations, %o vhich
the longitudinal approach or the more generational sequential methqu are appiics
able. Most of these problems have conceptual és well as practical implications

for research design.

A. Development and Socio-cultural change
Except for those variables whose development is‘programmed by the binlegical
characteristics of the organism, it is expected that environmehtal input is
required:to result in what we call developmental change. It is necessary here

to distinguish different types of such input. First of all there is the input
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which occurs ihrough the simple act of ﬁeasurement jtself, wihich may modify the
respense of‘the organism whether the experimenter so intends or not. Secocndly,
there %é the éxperimenta1 modificafion or treatment intervention programmed ¢r
selécted by the investigator. Such treatment effects do appear frequently also
in pureiy descriptive vesearch, since we may'have selected a population sample
whicﬁ is known to receive a treatment between médsurement intervals which dif-
fers from that accorded to the pavent population. Finally, there is the
envirormental impact occurring due to unspecified modificaticns in the environ-
mental impact which the researcher has no control or of which he is not cou-
nizant. In all three instances the treatment involved may equally effect
organisms of any age, or we may have an age by.treatmant interaction; i.e. the
treatment may effect organisms at one age but not af ancther,

The first two sources of treatment variance cah he contrelled by the
traditional method of random assignment of subjects to different treatment or
practice conditions (cf. Baltes and Goulet, 1971). Ho such assignment is
possible, however, with respect to the third source, which involves socio-
cultural change over which the experimenter has no control, illustrating iio
necessarily quasi-experimental nature (Campbell and Stanicy, 1963) of any
deVelopmenta] research design. The dimension of socio-cultural change is ¢t
paramoung importance nn descriptive research on aging. It will be partisuiariy

v

e

bothersome in long-term studies since there is ample evidence that the att

[p4

tudes of subjects about themselves and the experimental procedures will chonge,
as will the attiiudes of the experimenter which may differentially cffect the
outcome of nis procedures.

If the researchers ingenuity and resources permit, he should then considar
a mixed model which will permit the study of interactions betwezn sze Teval,

experimental treatment effects and paturalistic treatment effects (tha latter



being attributed to socio-cultural change. Such model, however, regquires that
all age levels be examined at imore than one time and under each of the experi-
mental treatment conditions as well as @ control. An empirical example of a
~design for the differentiation of age, time of measurement and treatment effects
is reported elszwhare for the dimensions of behavioral rigﬁdity (Schaie, 1971b).

The 1nvestigator conducting descriptive research may be willing to assume
that there has been no systematic intervention for which he must control as in
the case of experimental manipulation. He cannot safely ignore the confounding
of the effects of measuring his varizbles and the gemeral envirormental impact
in studies of aging. For those variables where environmental impact is exnected
(and this would include most variables of interest to the psychologist) the
sequential designs must therefore be used to distinguish between age changes
(qua maturational events and/or age specific theough environmentally programmed
behavior acquisitins) and the temporally unique generalized input from the
environment.

If the investicator is interested primarily in population parameters; he
may be able to beg the issue of measurement or practice effects by conside%ing
the independent randem sampling design as the most general form of longitudinal
inquiry. Here the investigator would take successive random samples from thie
same cohort at successive times of measurement, testing each subject only once.
Specification of either a sampling with or without replacement should be mads,
although it is unlikely that there will be practical consequences of assuming
one or the other sampling model. Further complications arisé, of course, if
individual age changes are to be observed which will require a repeated measurc-

ment design.

B. Effects of Repeated Measurement
In spite of the many sampling and sample maintenance problems discussed

earlier, many investigators of within gencration age changes have preferred
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which occurs through the simple act of measurement itself, which may médify tha
reéponse Qf»the orqanism whether the experimenter so intends or not. Secondly,
therelfé the experimental wodification or treatment intervention pregramied or
salected by the investigator. Such treatment effects do appear frequently alsc
in purely descriptive research, since we méy'have sefected a population sample
which is known to receive a treatment between measurement intervals which dif-
fers from that accorded to the parent population, Finally, there is the
environmental impact occurring due to unspecified modificztions in the environ-
mental impact which the researcher has no control or of which he is net cog-

nizant. In all three instances the treatment involved may equally efiact
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organisms of any age, or we may have an age by'treatment interaction; i.e.
treatment may effect organisms at one age but not at another.

The first two sources of treatment variance can Ee controlled by the
traditional method of random assignment of subjects to different treatment or
practice conditions (cf, Baltes and Goulet, 1971). No such assignment is
possible, however, with respect to the third source, which involves socio-
cultural change over vhich the experimenter has no control, illustrating thio
necessarily quasi-experimental nature (Campbell and Stanley, 1963) of aay
deVelopmental research design. The dimension of socio-cultural charge is of
paramoung importance nn descriptive research on aging. It will be particuisriy
bothersome in long-term studies since there is ample evidence that the atti.
tudes of subjects about themselves and the experimental procedures will change.
as will the attitudes of the experimenter which may differentially cffect the
outcome of his procedures.

If the researchers ingenuity and resources permit, he should then cons tdar
a mixed model which will permit the study of interacticns between aze Teval,

experimental treatment effects and naturalistic treatment effects (the Tatter
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being attributed to socio-cultural change. Such model, however, requires that
all age levels be examined at more than one time and under each of the experi-
mental treatment conditions as well as a control. An empirical example of a
design for the differentiation of age, time of measurement and treatment effects
is reported elsewhera for the dimensions of behavioral rigidity (Schaie, 1971b).

The investigator conducting descriptive research may be willing to assume
that there has been no systematic intervention for which he must control as in
the case of experimental manipulation. He cannot safely ignore the confounding
of the effects of measuring his variables and the general environmental impact
in studies of aging. For those variables where envircnmental impact is exnected
(and this would include most variables of interest to the psychologist) the
sequential designs must therefore be used to distinguish between age changes
(qua maturational events and/or age specific though environmentally programmed
behavior acquisitins) and the temporally unique generalized input from the
envivonment. -

If the investigator is interested primarily in population parameters; he
may be able to beg the issue of measurement or practice effects by consideking
the independent randem sampling design as the most general form of longitudinal
inquiry. Here the investigator would take successive random samples from the
same cohort at successive times of measurement, testing each sﬁbject only once,
Specification of either a sampling with or without replacement should be mads,
although it is unlikely that there will be practical consequences of assuming
one or the other sampling model. Further complications arise, of course, if
individual age changes are to be observed which will require a repeated meacurc-

ment design.

B. Effects of Repeated Measurement
In spite of the many sampling and sample maintenance problems discussed

earlier, many investigators of within gencration age changes have preferred
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to conduct studies which involve the repeated measurcment of the seme subjects.
Whether or not the inteat has been to follow individual subjects over time, it
has freauontly been arguad that in circumstances wheve syparimental error is

.
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Targa end changes may be smalls
use of the matchad grour design of which tie Tongitudinel repeats d mezsurement

study is an application.

As indicated above, uwless we can assume that there are no socio-cultural

change effects upon our measurenent variables and unless we know that the
effect of one measurement upon subsequent measurements is zero, the resuits
of a single sample repeated measurament study cannot be interpreted and such
a research desian, therefore, does not represent a nermissible developmental
rescarch strategy. This prohibition dees not apply to the use of rcpeated
measurements in the seguential metheds. However, it should be po sinted out
tha’ the repeatad mea:Qrsmant drsion mey be less desiradia then the indzpenaent

randea campling approach for olher ressons aisec. These are (1) Tower efficiancy.
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1. Comnarsiive efficicncy of repeated measurement designs.

Repeated measureﬁent designs become éfficient only when measures have high
reliability or when it is possibie to take measures ejther at many ages or many
times of measurement. This is so because of the fact that for an equal nuasv
of observations the degrees available for the error term used to tesi meas
differences ‘will always be less for rep]icéted than for independently derivcd
measurenents. The gain in sensitivity must, therefore, exceed the loss
caused by testing a smaller number of subjects before the repeated m2asuremant

design will begin to pay off.
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The above statement is not just a bias in favor of independeht randan
samniing. It can be shown formally that the error term used for the test of .
significance of cohort differences will be based on the residual variation
bethEﬂ subjects which in the cohert-sequential methed will have N - (l/A) -
C (A~ 1) fewer dagress of freedom than would an independent random sampling
desian based on ihe seme wumber of observations, where N is the number of
chsevvations, A& the number of age Tevels and C is the number of cchort levels.
Similariy the error term which must be used for testing the significance of
cohort differences in the cross-sequentizl method will have W - (W/T) - C (T -1
fower degrees of freedom in the repeated measurement than in the compareble
independent random sampling design. (T stands for time of measuranent Tevals).
The error term used to test age and age-hy-cchort interaction in the cohoyi-
sequential design will have N - (N/A) fewer degrees of frcedom and the error
term used to test time and time-by-cohort interaction in the cross-sequsntial
design will be reduced by N - (N/T) degrees of freedom. It should also be wnited
that the time-sequential method with repeated measurement faces the prebien that
repeated measuraments are not available for the first or last age level, and tha
between subject sums of squares would, therefore, have to be cemputed upon the
means for each subject's scores rather than upon the sums as would cusiomarily
be the case. In the latter case there would be ﬁ - (A + 2) (H/AT) Tewer dejia

of freedom than in the independent randem samplirg design.

2. Wisleading regression effects.

Orthodéx test theory would suggest strong regression effects in any study
where the same subjects are measured repeatedly there has been considerable cont
roversy as teo how change sheuid be measured uinder such circuiistances or whetho

it should be measured at all (Campbell and Stanley,1963; Cronbach ard FU"dyV;JiU
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The principal effect of regression consists in the assumed positive correlation
between error or measurement and observed score, while the error scoves of
subjects on different occasions are uncorrelated. The effect of regression

may not be too serious for the estimation of popuiatéon parameters bﬁt it may
lead to.an artifactual shrinkage of differences between age levels, cohorts or

» times of measuvement over long series of repeated observations., The effects of
reéression‘seem to be fatal, however, in studies éontrasting ability levels.
There seems strong evidence, for’axample, that evidence on differentfa] develop-
ment of intellectual function by ability level frequently reported in the
literature (e.g. Miles and Miles, 1932; Owans, 1966; Riegel, Riegel and Meyer,
1967). By using appropriate time reversal procedures Baltes, Nesselroade,
Schaie and Labouvie (1971) were able to show that ability-level related dif-
ferences in ontogenetic patterns of adult intelligence found in a cross-
sequential repeated measurement study (Schaie and Strother, 1968a) occurred due
to statisticél regression effects. lbreover, in agreement with Lord (1963) it
was found that the regression effects were greatest for the least reliable
measures, Time-reversal or similar techniques (Campbellland Stanley, 1963) are
| therefore strongly recommended whenever differences in developmental change as

a function of initial performance level are to be investigated.

3. Design complications in handling effects of practice.

It has already been stated that the conventional longitudinal repeated
measurement designs confounds age, environmental change and the effects of
measurement or, practice. The sequential strategies separate the components of
developmental change but in their most straightforward form also confound the

effects of practice. They do permit a direct estimate of the effect of practice -
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from the cchort scquentwai repeated measurement design if age changes can be
assumed to be zero. S1m11ar1y praat1ce effects can be est1mated in the cross-
sequent1a1 reppafed measurcment dea1an if time of measurément differences are
assuned to be z “aro.4 If theae assuw;twow; do not hold, then practice will be

_ confcundﬂd Wit ezther age or t1mn of measurement effects.

It 15 posa;ble to Obtdin TﬁdEDEﬂdEQl estimates of practwce effects under

a]l assunp»zoﬂs, if the 1nvest1gator is prepared to employ conjointly repeated
measuranent and 1ndependent random S(ﬂp]lng designs. These estimates ave
obtained by examinxng a]l 1eve1s of the developmental components at two or
more ]evels of practwce. h1n1ma1 data to assess the effects of measurement or
practice, 1nv01va at least three test occasions for the cross-sequential and time
sequential metbod and at 1east four test occasions for the cohort-sequential
method. Figures 1 to 3 prcvxae the necessary sampling plans and generalyzed
analysis of variance m§d°1s Note that the estimates of practice'effects are
based on popu.at1ons rece1v1ng different treatment and not upon within subject
variance. The latter analys1s is possibtle for data collections via the cross-
sequential and cchort—sequent1a1 methods but will requ1re even more complex
sampling plans. Such desxgns may be needed when there are specific methodo-
Jogical reasons to estimate within subject practice effects.: In general, hou-
ever, the design here presented should p%ovide'appropriate strategies for -

accounting . for the variance due to weasurement effects.

4. Experimental mortality.

) Perhaps the most ser1ous 11m1tat10ﬂ of the repeated measurement design is
the inevitable non-random attr1t1on or what Campbell and Stanley (1963) term

experimental mortality. It may be profitable to distinguish here batween two
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types of attrition. The first which may or may not be a function of the
experimenter's skill in sample mainienance involves age differences in experi-
mental mortality due to psychological and/or sociological reasons. For example,
attrition caused by lack of interest, active refusal, change of residence or
disapgearance The second type of experimental mortality over which the experi=
menter has no influence invoives age differences in-sampie attrition due to
biological causes. Here we wou}d include age-related subject loss due to physi-
cal illness and individual differences in longevity. Not all studies need be .
affected by this problem. However, in all those instantes where there 15 a
correlation between attrition and the variable of interest, findings on onto-
genetic changes can be markedly affected. The problem seems particularly serious
in the area of cognitive function since b%ightér subjects sesm to have greater
longevity (e.g., Blﬁm, Jarvik and Clark, 1970; Jarvik and Falek, 1963; Riegel,
Riegel and Meyer, 1968).

Studies of attrition caused by biological factors typically show that
survivors have more positive attributes with respect to interests and attitudes
(Riegel, Riegel and Meyer, 1968; Streib, 1966) but alsd higher social and educa-
tional levels (Rose, 1965; Streig, 1966). Lest it be thought that favorabie
selection of residual samples in 10ng1tudiné1 study be restricted to biological
variables, there is also stroﬁg evidéhce that such favorable selection, at
least with respect to inte])ectuél level, occurs due to dropout from all causes
(Baltes, Schaie and Nardi, 1971). Implications for the internal and external
validity of }ongitddina1 studies are qiscussed in fufther detail in the repert

of the latter study.

C. Changes in Factor Structure over Time
In addition to the problem that the reliable variance in developmental cb-
servations may be obscured by yegression effects, we must further be concerned

with the change in meaning also of the true component of any observed score. The

a7
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most cautions%approach would, of course; consist of relying so]é1y on measures
whose‘factoriél structure and stability over time were well known. But measures
of this nature are few and even fewer investigators in the past have paid much
attention to the advantage of multivariate approaches to developmental problems
(see also Schaie and Marquette, 1971). WHhile the question of equivalence of
tést instruments is particularly pertinent when species-specific studies are
exémined which compare generation differences, it is the equivalence of factor
structure for the same instrument which is at issue when we consider within
;cohort age-related variations of performance. " The issue of equivalence of
instruments should be impertant to the investigator of aduit development only

in those instances wheré he wiéhes to link the behavior of his subjécts from
childhood to aduithood. In the latter case equivalence of factor structure

~ within samples over different instruments will also be at issue (e.q.
('Schaie and Cattell, 1971).

For within cohort studies there are three different problems related to

the invariance of factor structure which should be considered. fThése'céncern
the distinction between structural change in the relationship among dimensiens
and quantitative change in performance level on conceptionally identical
dimensions (Baltes and Nesselroade, 1970; Cattell, 1969); the question of
describing age functions for distinct and idea]]y orthogonal dimensions (Schaie,
Rosenthal and Perlman, 1953; Botwinick, 1967; Reinert, 1970); and thirdly the
disentanglement of ontogenetic and generation variance on factoria11y stable -

dimensions (Nesselroade, Schaie, and Baltes, 1971).

1. Structural change in factor structure

The first problen velatas to the possibility that one could have systematic
age changes on observables (due to observational artifacts) with concurrent sta-

bility of factor scores. That is we need to know not-only whether the factorial
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structure of é given measurement set remains invariant over different measuranen
occasions, but also whether there are shifts in factor scores resulting {rom
changes in differeﬁtiai weighting.. The question of the invariance of factor
structure nowmally involves the cemparison of the correlation patierns among
first occasion mﬁasures‘wiﬁh the correlation patterns for subsequent measure-
ment cecasions. Evidence for structural change could take the form of difTeren®
nuthers of factors for different occasions and/or lack of invariance of the
factor loading patterns. To protect against the possibility of reporting
structural changes as a function of invariance of observaiional error it is
recommended strengly that the zero order correlation matrices also be compared
directly to test the hypothesis that their deviation from one another is no
4 greater than chance (Schaie, 1958b). If such test fails to reject the nult
hypothesis, it would then be fair to conclude that changes in number of factovs.
 or factor loading patte%ns are chance variations and can be safely ignored.
Rejection of the null hypothesis with respect to equivalence of the zero
order correlation matrices does not necessarily imply the accteptance of the
alternate hypothesis of structural change. Before this outcome can be accepted
(with the consegment conclusion that results .of the study were uninterpretabie
with respect to quantitative change in.performance level) it would be wise 1o
rotate the factor matrices for the differént measurement occasions to positiony
of maximum agreement by means of Meredith's proceadure (1964) with subseguent
transformation of the factor pattern to simple structure while maintaining
invariance attained by the Meredith rotation (Nesselroade and Catteil, 1971},

Fa

2. Quantitative change in performance level

Once the factors which are invariant over time have been identified it then
becomes possible and desirable to estimate factor scores by averaging corres-

ponding.
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first and subsequent occasion weights obtained from the factor pattern loadings
(Harman, 1967). However, for a developmental study it is essential that observe
ed score distributions be standardized jointly over all measurement occasions
prior to estimating factor scores. The latter procedure is required in order

to perﬁit the appearance of between occasion mean differences.

The advantage of age functions plotted on the basis of factor scores over.
those using the observed raw measures should be obvious. We are comparing
individuals on idealized variables whose conceptual meaning has been established
to be invariant over time. Changes in mean performance level on factor scores
can therefore validly be interpreted as change in behavior rather than as
possible transformations in the meaning of the measurement variable as is the
case when the cbserved variables are compared over time.

Of interest also will be the assessment of the séability of factor scores.
Since the factor scores represent estimates of the reliable components of
variance it may be argued that their magnitude should give an indication of the
stability of,the behavior rather than of the reliability of the measurement

instrument.

<

3. Ontogenetic and generation variance ;g_ractoriallg_stable dimensions.

The observation of factorial invariance in an adult population can, of
course, not be taken as direct evidence of stability over age. Nevertheless it
is most likely that both the irreversible decrement and the decrement with
compensation models apply primarily to observable variables which are factor-
jally compléx, and whose complexity (i.e. factorial structure) changas over time.
The stability model may therefore be most likely to apply to factorially pure
and consequently structurally invariant variables. If this latter spoculation

- auld be correct, then it would follow that the cross-sequential would be most
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appropriate for the analysis of factor scores to distinguish between the pro-
portions of variance accounting for mean differences in generational levels
from that dve to temporal variation in the GLR represented by the ontogenetic
component of variance.

Nésse?ro&da, Schaie and Baltes (1971) have recently reported an empirical
exemple of this approach for various measures.of cognitive benavior. This
study clearly demenstrates tha@ significant differences in mean factor scores
can be found between generatio;s as well as within generations. But the study
also shows in a design which permits the appropriate compariscn that the pro-
portion of variance within generations (of major interest in longitudinal
studies) .is quite trivial and for no factor accounts for more than 5% of the
total variance. Components of variance due to generational differences on tne
other hand account for at least one third of -the total variance and may there-

fore be assumed to havé practical as well as theoretical implications.
V. Between Cohort (Cross-sectional) Studies of Adu}t Development

The reader may by now have concluded that in the realm of adult behavior
development Tlittle is to be gained from a description of age functions as such
and that our interest might better be apblied to the investigation of cultural
change and its impact upon behavior found to occur in adults belonging to differ
ent generations at different points in historizal .time. It is hoped that he
will have concluded further that while cross-sectional studies cannot yield age
functions -‘they are admirably useful for investigating inter-generational differ
ences. Both the traditional cross-sectional method and its more general form,
the time sequential method, can be used for this purpose. But ctudies of inter-

BT SR
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generational differences have their problems also. Three different issues will
here be censidered in this context. The first addresses itself to the question
as to what data on generationzl differences can be obtained from a single cross-
sectiocnal study as compared with an analysis of differences between successive
cross-secticnal studies, the timz-sequential method. Secondly, I would like to
point to possible designs invelving both prospective and retrospective data,

and lastly it will be necessary to raise the guestion whether age or cohovrt-

/

appropriate mezsurement devices should be used when we are interested in assess-

ing generation differences.

A. Comparisons Within and Between Cross-sectional Studies

If the student of adult development is willing to accept the stability mode
he can then utilize tha single time of measurement crﬁss-sectiona] study to |
describe differences iﬁ behavior between successive generations. This means 
that much of the psychclogical literature on age differences can once again
become useful if we engage in the massive effort of relabling tables and arapns
by substituting the subjects' year of birth (identifying their cohort membership.
for the age designation. That is, whenever we are willing to assume that a
variable does not show any significant age changes over the adult period we can
interpret the results of cross-sectiana]vstudies as direct means of describing
inter-generational differences. Taken from this point of view it now becomes
necessary to conduct a systematic re-review of the literature, since failure to
replicate findings of performance level for given ages is no longer critical.
What we areslooking for now would be the replicability of findings Tor given
cohorts.

But what happens in the event that the assumption of stability of adult

behavior were false? Surprisingly enough, no serious consequences would result
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in those instances where=;ross-sectiona1 data are eppropriate in the first place
Since cross-~-sectional data would novrmally be applied only to problems requiring
judgment about bopu!ation diffarences at the present point in time, it would not
really be crucial iT one of the comnonents of the observed difference between
successive cohort were due to change in maturational level. On the other hand
the failure of the stability assumption would be quite critica?‘where the cross-
sectional model is used to detect generation differences for the purpose of
long-range forward planning.

Studies directed tewards gererating data for forward planning essuma, of
course, that inter-generational differences detected at the precent time are
Tikely to shift, If the reader will recall our analysis of the principal models
accounting for adult development, he will note that this assumption is most
compatible with the decrement with compensation model. That is, we want to kinow
to what extent does shift in environmental input effect level of performance at
different ages. The comparisons provided by the time-sequential method, do
indeed provide the necessary information. That is, we can here isolate the
components of variance due to thange in maturational level, from those due to
change in environmental input, as well as from the shift in inter-gereration2’
differences which would be represented by the interaction term. That is, if we
replicate a cross-sectional study over several measurement occasions, we will
find that age differences observed at one measurement point which are actually
generation differences will tend to disappear when averaged over many measurc-
ment points. But if they are indeed differences in maturational level, they wil.
remain, no mMatter how many replications are taken. Likewise, envircnmental in-
put will be assessed by comparing the difference between measurement occasions
over many age-generaticn levels, and it becomes possible after a few replications

to plot projected trends which may be useful for long range predictions.
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It should be noted, though, that comparison of cross-sectional studies
besed on indepandent samples can only yield information on the stability of
performance levels within generations under the assumption of the stability
model.. Other models would require replication of the same cross-secticnal

study by drawing successive independent samples covering the same age range

from the same parcnt population to draw meaningful conclusiens.

B. Comparison by Means of Prospective and Retrospectiva Dsiimates
Although the one-shet cross-sectional approach has been faulted ad

nauseam, it remains obviously attratice to tha researcher (such as the graduste
student) who has only limited time to complete a given project. Serjous atten-
tion has therefore been given to the possibility of generating data covering th
adult life span by obtaining retrospective or prospective jnformation over man§
points of the respondents experience but collected at one point in time (e.g.
Bell, 1960; Lehr, 19673 Yarrow, Campbell and Burton, 1970). Leaving aside the
serious questions with respect to the reliability and validity of information
thus gathered, it should be noted that <uch studies suffer from the general
problems of the longi tudinal repeated measlrement model, although in an
asymmetric fashion. That is, in the retrospective report of behavior, eash
earlier episode affected made by the report of more recent episodes s well
as the present condition of the respondent. On the other hand in prospective
reports, each later projected episode will be affected by reports about earlier
episodes. Whether or not the séquential methods are applicable 1o the study o
retrosped%ive and prospective data remains to be investigated. One major pvob’
here, would be the necessity of comparing cohorts with unequal saturation of
relative past and future 1ife intervals at different age levels. An atteapt
at utilizing such models has been made by Back and Bourgue (1970)_in a study

of life satisfaction.
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While there are difficuities in using prospective and retrqspective

methods for the study of actual behavior, these methods seem to be quite
suitable for the consideration of perceived age and cultural changes. This
area, which has received considerable recent interest, is bound to expand
further if Meugarten (196S) were to be correct in her assertion that role
perception associated with age level is indeed one of the most important deter-
minant of ontogenetic change. Since role perception of any age level must be
viewed from a constant point in historical time, the cross-sectional approach
is quite appropriate here, and the time-sequential method would be used to test
the stebility of such role perceptions. (See also Ahammer and Baltes, 1970;

Bekker & Taylor, 1966; Britton and Britton, 1969).

C. Age-appropriate vs. cohort appropriate test instruments

Whenever comparisﬁns are to be made between cohorts we must concern
ourselves with the question whether or not test instruments ave equally
appropriate for members of different cohorts. This issue has been studicd for
some time with respect to tests thought appropriate for different age levels.
For example, forms suitable at different ages have been developed for the
Wechsler intelligence tests or for the factored series of personality tests
developed by Cattell and his associates.. The fact that a given test is or is
not appropriate for a given age level does not, however, assure us that it will
remain appropriate for that age level. That is, because of changes in the
content of the culture, at least verbal tests, may become inappropriate for a
given age level. In this sense it is conceivable that the original Yachsler-
Bellevue may be a more valid test for older adults than is its more recent
revision. And that revision may now be discriminating against twenty year olds

because the cohort appropriateness of its content has shifted.
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Perhaps the most serious work bearing on the issue of cohort appropriate-
ness of test material, crucial for adequate comparison of the membership of
different generations, is being conducted by benge (1971) and his associates.
That group of investigators classified words in terms of their entry into the

N

accepted vocabulary as demonstrated by appropriate dictionary search. They

——
p—
<

were able to showbthat the cohort word familiarity gradient could be readi
menipulated for slang items and cher woras depending upon the‘éntry of tha
term into active vocabulary. Thus, while twenty and thirty year olds per-
formed significgnt]y better on items entering the language after 1960, it was
found that 40 to 60 year olds performed significantly better on items entering
the language in the late nineteen twenties. It appear§ then that differences
lin verbal performance between cchorts typicaily reported from cross-sectional
studies could well be artifacts related to the cohort appropriateness of the

v

test instruments used.

VI. Some Comments on Research Priorities in the Study of Adult Development

I prefaced my discussion of methodological issues in descriptive research
on adult development, by saying that the time was no£ vet ripe for laboratory
manipulative investigation because we need to take another look at what is to
be manipulated. This does not mean, however, that we should ignore the
possibilities offered by experiments of nature nor that we should revert to an
aimless search of evidence which differentiates_thé behavior of the old from
that of the young. I would like to suggest, howeQer,.ﬁhat high priority be
given to a hypothetico-deductive aﬁproach which specifies the kind of models
according to which adult development is expected to occur and then to -

assemble data which could support or discredit such models. This means that


Hiroko


48

we should nct'reject'the use of cross-sectional approaches cut of hand, but
rather, by means of suitaéle replication, test the generalizations possible
for such data. 1 would further suggest that studies of extreme groups should
be encouraged because they are likely to yield quicker payoff in terms of
developmenta] laws regarding adult development then the search for repressnta-
tive data which as I have demonstrated may often be irrelevant or impossible
io attain. Where population estimates are sought, again it would seem appro-
priate to give much thought to the purpose for which data are to be collected.
Finally, I would argue that the emphasis for students of adult development,
at least for psycho?ogicalvariab'fesg must be directed towards inter-
generational differences and cultural change as more meaningful parameters
than that of chronolcgical age. Only thus can we escapevthe constraints tnat
undue preoccupation with age as an independent variabie has imposed upon our

endeavors to understand and predict the course of acult development.
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FIGURE 1
Sempling Plan and Goneralized fnaiysis of Variance Model

for the Cohort-Sequential Method
Controiled for the Effects of Practice

a. Sampling Plan*

Time of Test ‘ Samples Tested

TO Randcm half of group CiAm

T1 A1l of C.A ; random halves of groups
C;A, and"C o

T2 A1l of C, A . all of C A ¥ random half
of grotp’ C A

T3 A1l of C.A

*Scores obtained on the first tast for each sample are disre-
garded. Only the second set of scores for the random halves
tested initially and the single set of scores available for
the random halves without practice enter into the analysis.

b. Generalized Analysis of Variance [f0del -

Source of Variation Degrees of Freedom

Between Cohorts (C)

Between Ages (A)

Between practice levels (P)

Cohort x Age interaction

Cohort x Practice interaction

Age x Practice interaction

Cohort x Age x Practice interaction
Error
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FIGURE 2
Sampling Plan and Generalized Analysis of Variance Model

for the Timez-Sequential Method
Contrpilad for the Effects of Practice

a. Sampling Pian®

Time of Test Samples Tested
T0 ) Random halves of samples AgpTiand ATy
T1 MY of AT and AT ; random halves of
ATand K7, Nk
m 1 nl
T2 A1l of AmT]and AnT]

“*Scores obtained on the first test for each samnle are disre-
garded in this analysis. Thus the second set of scores for
the random half tested initially and the only set of scores
for the random half without practice enter the analysis.

“b. Generalized Analysis of Variance fiodel

Source of Variation Degrees of Freedom

‘Between Times (T) ’ ‘ T-1
Between Ages (A) A-1
Between Practice Levels (P) . P -1

Time x Age interaction ' (T-1)(A-1)
Time X Practice interaction (T-1) (P-1)
Age x Practice interaction (A-1) (P-1)
Time X Age x Practice interaction (T-1)(A-1)(P-1)
Error N - (T) (A) (P)

Total variation N -1
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FIGURE 3
Sampling Plan and Ceneralized Analysis of Variance Model

for the Cross-Sequential Model
Controlled for Effects of Practice

a. Sampling Plan*

Time of Test Samples Tested
T0 ’ Random halves of samples CiTk and Cka
T1 A1l of C.Tk and C.Tr; random halves of
C.T, ahd*c,T, 9%
il il
T2 A1l of C,T, and C.T
il jl

*Scores obtained on the first test for each sample are disregardad.
The second set of scores for the random halves tested initially
and the only set of scores for the random halves without practice
enter the analysis.

b. Generalized Analysis of Variance Model

Source of Varijation Degrees of Freedom

Between Cohorts (C)

Between Times (T)

Between Practice Levels (P)

Cohort x Time interaction

Cohort x Practice interaction

Time x Practice interaction

Cohort x Time x Practice interaction
Error
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Total variation ' N-=-1
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