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8. Internal Validity Threats in Studies
of Adult Cognitive Development

K. Warner Schaie

Introduction

If development is viewed as a process that implicitly requires time to elapse
to observe quantitative change or qualitative transformations, it then follows .
that age-comparative studies or other experimental manipulations can at
best simulate development. It is obviously impossible to assign experimental
subjects at random to different ages or different measurement occasions. The
formal investigation of developmental processes, therefore, typically in-
volves quasi-experiments in which carefully selected population samples are
followed over time to observe whether or not hypothesized transformations
can indeed be observed. :

The concept of the quasi-experiment was popularized by the classical
Campbell and Stanley (1967) research design monograph. These authors
collectively denote as quasi-experiments “many natural social settings in
which the research person can introduce something like experimental
design . . . even though he lacks the full control over the scheduling of experi-
mental stimuli ... which make a true experiment possible” (p. 34). One ex-
ample of a quasi-experiment for the study of cognitive aging, is the typical’
cross-sectional study in which aging effects are modeled by comparing sub-
samples that differ in age but which are assumed to be matched in all other
aspects (Salthouse, 1982). A more complex example of a quasi-experiment in
this substantive field would be a longitudinal study in which subjects are
tested at specified ages, and re-examined at regular time intervals, where
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amount of practice is controlled for by adding matched controls groups at
successive measurement points (Schaie, 1983a).

Because of the fact that quasi-experiments do not permit random assign-

" ment of study participants to different conditions with respect to which
hypotheses are to be examined. the issue of the validity of such studies looms
large. Campbell and Stanley (1967) distinguish between internal and exter-
nal validity threats. The former refer to alternative interpretations which
arise as a consequence of design flaws, the latter reflect the degree to which
findings from internally valid studies can be generalized to other pop-
ulations. Both of these classes of validity threats have substantial effects on
the interpretability of studies of adult cognitive development (cf. Schaie,
1977). Specifically, these validity threats force us to examine the possibility
that design flaws may be equally or more parsimonious in explaining results
than the experimenter's stated hypothesis. Interestingly enough, at least
some studies of adult cognitive aging have collected data that allow the in-
vestigator either to control for or to assess the validity threats inherent in
their study designs. It is the unusual research report, however, that provides
adequate documentation to show whether or not the reported findings might
be more parsimoniously attributable to a detectable design flaw.

In this chapter I call attention to those threats to the internal validity of
quasi-experiments that should be of concern to developmentalists at all
stages of the life span. but that have been most directly addressed thus far in
studies of adult cognitive development. All of the validity threats discussed
here are directly amenable to experimental control or empirical assessment,
given appropriate design strategies (cf. Schaie, 1973, 1977). Explicit designs
derived from the longitudinal-sequential approach (Schaie, 1965) are ex-
amined to show how internal validity threats can be effectively handled in
longitudinal studies. Finally, some empirical data are provided that show ap-
plications of these designs to the assessment of the significance of internal
validity threats for data on adult cognitive behavior.

Threats to the Internal
Validity of Developmental Studies

Eight different threats to the internal validity of quasi-experiments have
been described by Campbell and Stanley (1967). One of these, maturation,
represents no threat to the validity of developmental studies, if their intent is
to test hypotheses about effects of aging. The remaining seven threats to be
considered in order represent rival hypotheses to the effect of aging (i.e.,
maturational or age-specific changes). They involve the rival hypotheses of
the effects of history, testing (reactivity), instrumentation, statistical regres-
sion, experimental mortality (attrition), selection, and certain interactions
thereof. I briefly review the implications of these threats as they apply to the
interpretability of findings in aging studies. A representative paradigm in
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such studies would be the natural experiment format of the typical pretest-
treatment-posttest variety, in which the “treatment™ is assumed to be the
aging of the organism under study. In this design I compare the behaviorofa
sample of individuals at two points in time (T, and T,) and infer that a
change observed in the dependent variable has occurred as a function of the
treatment; that is, the lapse of time during which the organism has matured. |
now examine specific potential flaws to this inference.

History

With the exception of well-controlled animal studies, it is inevitable that
events may occur in the environment between T, and T, that could account
for the observed behavioral change, whether or not a maturationally deter-
mined change had occurred. We have no assurance that the unknown en-
vironmental event that resulted in behavioral change will recur with similar
impact if we were to replicate our study over another time interval (Schaie,
1982). For example, age differences in life satisfaction for black and while el-
derly have been shown to exhibit different temporal patterns as a conse-
quence of environmental changes that had more dramatic effects on the
black than the white elderly (Schaie, Orshowsky. & Parham, 1982). We must
conclude then that the single-cohort longitudinal study fails to control for
history. This flaw might not be unduly bothersome in studies of physiologi-
cal development during childhood, except during periods of intense political
turbulence that create special hazards (e.g., malnutrition, exposure to excess
radiation). In adults, however, changing conditions of health care and or
stress may quite readily suppress or exacerbate maturational phenomena. In
behavioral studies, there are so many possible sources of events at all age
levels that can affect the dependent variable differentially across time that
the single-cohert longitudinal study will rarely he useful to detect reliably
generalizable behavioral changes (cf. Schaie, 1972; Nesselroade & Baltes,
1974).

Reactivity (Testing or Practice Effects)

Administering a test or survey instrument or introducing an observer into a
behavioral situation may also result in effects that might erroneously be in-
terpreted to be maturational. In the cognitive literature in particular, practice
effects may be particularly serious over short periods of time but long-term
reactivity effects may also prevail (cf. Schaie & Parham, 1974). For example,
itis not clear whether differential aging patterns in fluid and crystallized in-
telligence (Horn, 1982) may not be attributable to the fact that greater prac-
tice opportunities are available for crystallized abilities. The reactivity threat
to the validity of a longitudinal study can be controlled for by carrying a ran-
domly assigned untested control group to be examined at 7, only. However,
this simple approach is also flawed hecause reactivity will be confounded
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with effects of experimental mortality that in this design cannot be assessed
for the control group.

Instrumentation

Changes in measurement instruments, experimenters, or protocol between
T, and T, are the most obvious sources of artifactual changes that could be
caused by instrumentation effects. Other more subtle sources reflect changes
in the projection of observed (measured) variables on the latent constructs of
interest (unmeasured variables), changes that may well be substantial if com-
parisons are made over different developmental stages or extensive time
periods (cf. Schaie & Hertzog, 1982, 1985). The latter effects can, of course, be
examined only if a study contains multiple markers of the constructs at all
measurement points (an empirical example testing the construct equivalence
for a cognitive data set in adults is provided in Schaie, Willis, Hertzog, &
Schulenberg, 1987). Instrumentation effects for single variables can be un-
tangled from practice effect, but will remain confounded with the effect of
history.

Statistical Regression

. The concept of statistical regression implies that when the position of an in-
dividual at T, is predicted from that person’s score at T, the best prediction
would be that the score at T, will be closer to the mean of the group. The de:
gree of such movement will be directly influenced by the reliability of the
measurement operations; the lower the reliability, the greater the regression
to the mean. It should be noted, however, that the concept of statistical
regression is a function of the system of linear predictions (cf. Hays, 1963, pp.
500-501). In the typical research situation, regression to the mean may occur
for empirical as well as statistical reasons. For example, it has been argued
that age may be more kind to the more able, but empirical studies do not
necessarily support this argument (Baltes et al., 1972).

If the regression effect results from unrehabxhty of the measures, then one
would expect the variance at T, to be lower than that at 7, but such reduction
in variance is not guaranteed when regression to the mean occurs as a conse-
quence of interventions that have differential effects at different portions of
the range of talent. In any event, it is likely that mean scores above the pop-
ulation average at T, will be lower at T, while low means will increase. Such
regression effects would serve to enhance or obscure true maturational ef-
fects (Furby, 1973). There have been some arguments to support the conten-
tion that regression effects should not be cumulative across successive oc-
casions (Nesselroade, Stigler, & Baltes, 1980). Regression effects must,
nevertheless, be taken seriously in any longitudinal two-point comparisons.
Examples of intuitive methods using a time-reversal paradigm that will dif-
ferentiate maturational and regression effects have been described elsewhere
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(Baltes et al., 1972; Campbell & Stanley, 1967; Schaie and Willis, 1986b), but
will not be considered further in this chapter.

Experimental Mortality (Attrition)

A major threat to the internal validity of a pretest-treatment-posttest design
occurs when all subjects tested at T, are not available for retest at T,. In
studies of cognitive aging, experimental mortality would include death, dis-
ability, disappearance, and simple failure to cooperate for the second test.
There is a substantial literature that reports differences in base performance
between those who appear and those who fail to appear for the second or
subsequent tests. Typically the dropouts at base score lower on ability
variables and describe themselves as possessing less socially desirable traits
than to the retest survivors (e.g., Baltes, Schaie, & Nardi, 1971; Cooney,
Schaie, & Willis, 1988; Riegel, Riegel, & Meyer, 1967; Schaie, Labouvie, &
Barrett, 1973). As a consequence it has been argued that longitudinal studies
may represent successively more elite groups, and may no longer be suf-
ficiently generalizable. This proposition can be tested, however, and suitable
adjustments for attrition are readily available.

Selection

Differential selection per se is not a problem in single-cohort longitudinal
studies. However, it becomes the major internal validity threat in cross-
sectional and other nonequivalent control group designs. It has long been
known that it is virtually impossible to rule out the likelihood that differ- .
ences observed across groups selected at different ages may well be a func-
tion of differential recruitment, particularly when snowball or other volun-
tary panels of subjects are utilized (Schaie, 1959). Selections effects in
developmentally oriented studies have typically been considered under the
rubric of cohort effects (cf. Baltes, Cornelius, & Nesselroade, 1979; Schaie,
1965, 1977, 1986). More complex designs are required to control for or assess
these effects (see following).

Interactions

A number of interactions of the threats discussed may also be problematic
for the design of studies of adult cognitive development.

MATURATION BY HISTORY

This interaction is of particular concern in cross-sectional studies in which
one must consider the possibility that effects of environmental impact could
have differential import depending on the life stage of the individual when
the impact occurred. For example, the effects of the Vietnam era made a
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much greater impact on the cohort then liable to be drafted than on younger
or older persons. In longitudinal studies, the possibility of differential
maturation by history effects must also be considered when individuals are
followed over several measurement points.

MATURATION BY EXPERIMENTAL MORTALITY

Drop-out effects do not necessarily occur in a symmetrical fashion. In par-
ticular, drop out due to death or disability may be systematically related to
the age of the sample studied. For example, among the young-old, drop-out
effects are greatest for individuals lost by illness, while for the old-old the ef-
fects are greatest for those lost due to death (Cooney et al., 1988). Experimen-
tal mortality by age effects can be estimated only when more than one cohort
is followed longitudinally. w

MATURATION BY REACTIVITY

Again, practice or other reactivity effects may well differ by age. This interac-
tion may reflect prior differential exposure to the measurement operations at
different ages. For example, college students are likely to have attained an
asymptotic level with respect to many ability measures because of similar re-
cent experiences during the educational process. Older individuals, by con-
trast, may not have taken educational tests for several decades. Assessment
of the significance of this interaction requires the assessment of practice ef-
fects at two or more age levels.

MATURATION BY SELECTION

Maturational effects can have differential magnitudes depending on the
selection conditions prevailing when sampling occurs. For example, changes
in rate of cognitive decline will lead to differential representation of well-
functioning older persons for successive generations. The disaggregation of
aging and selection (cohort) effects requires the study of two or more cohorts
at two or more ages.

Controlling for any of these complex validity threats or disaggregating the
effects attributable to maturation from the various confounded sources of
variance typically requires multiple test occasions and replications of cross-
sectional or longitudinal studies or their combination in a single design. We
next examine appropriate design complications that have been proposed for
use in the study of adult cognitive development. Later, empirical examples of
an application of each of these designs are presented.
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The Longitudinal-Sequential Approach
As a Method for the Control or
Assessment of Internal Validity Threats v

_ In this section, I discuss a number of designs that can be utilized to control or

assess most of the internal validity threats discussed above. To begin, a num-
ber of rather simple design variations that control for a single rival hypo-
thesis are described. Designs that control for multiple threats are then pre-
sented. The reader should note that the most carefully controlled or complex
design is not necessarily the best. In fact, the first step in design selection
must be to reason out whether or not a given threat has a high probability of
occurrence for the dependent variable of interest. All controls are expensive
in experimenter effort and resources, and controls should therefore be im-
posed only when absolutey required to protect the integrity of a given study.
Good research paradigms are therefore always driven by meta-theoretical
context (cf. Costa & McCrae, 1982; Hultsch & Hickey, 1978; Labouvie, 1982;
Nesselroade & Labouvie, 1985; Schaie & Hertzog, 1982). The following
designs have been developed in a dialectic process that involved conducting
studies that were discovered to have design flaws, designing paradigms that
would remedy these flaws, and then discovering that the new designs re-
quired acquisition of further data sets (cf. also Schaie, 1959; 1973; 1977; 1986;
Schaie & Willis, 1986, pp. 23-34).

Direct Assessment of Attrition Effects

Attrition effects can be assessed directly in a pretest-treatment-posttest
design by testing the null hypothesis for the dependent variable at T, com-
paring participants who have returned for the T, measurement with those
who have not (cf. Baltes, Schaie, & Nardi, 1971; Schaie et al., 1973). Because
of the cross-sectional nature of the comparison, however, this most direct

. analysis will only provide information on the changing nature of our lon-

gitudinal sample; it will not provide an estimate of the effects of attrition on
the measurement of age changes. Nor can this level of attrition analysis ac-
count for the possible confounding of attrition with practice, or the interac-
tion with maturation, and selection. More complex analyses, as are described
later in this chapter are required to resolve these confounds.

Direct Assessment of Practice Effects

The most direct assessment of practice (reactivity) effects is accomplished
either by carrying a control group that has not been examined at T,, or by
drawing a new random sample from the cohort tested at T, for assessment at
T. Since experimental and control groups differ at T, only in that the control
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has not received previous practice, differences in performance at 7, can then
be treated as a reasonable estimate of the magnitude of practice effects. An
important caveat for this design, however, must be that attrition effects are
equivalent for the experimental and control groups. But attrition effect es-

timates require that T, scores be available for both experimental and control -

groups. We obviously do not have this information for the control group, and
must conclude that the most direct estimate will necessarily be confounded
with attrition effects. Nevertheless, if attrition is relatively limited, the direct
assessment of practice as suggested here may be the most viable approach.
Moreover, if we are willing to assume that attrition effects in the experi-
mental and control group are comparable, it is then possible to adjust es-
timates of practice effects by the differentials between dropouts and controls
at the T, assessment (see examples described later in this chapter).

It has been shown that nonrandom effects of experimental mortality are
most pronounced from T, to T,; thereafter, attrition continues but tends to
become somewhat more random with respect to the dependent variable until
advanced ages are_reached (cf. Gribbin & Schaie, 1979). An alternative,
somewhat more complex, design for estimating practice effects (that would
also control for nonpractice-related reactivity to the first measurement)
would require carrying both experimental and control groups for one more
measurement occasion. The estimate of practice would then be the dif-
ference between groups of equivalent maturational level at T, at which
time we would be testing for the effect of one additional unit of practice. In

this case it would, incidentially, be possible to assess the equivalence of at- |

trition effects from T, to T; across experimental and control groups (see
above).

Designs That Combine Controls for the
Effects of History or Selection With
the Assessment of Attrition Effects and/or Practice

The more complex designs required to handle more than one internal
validity threat or those involving interactions are derived from what has been
called “a general model for the study of developmental problems” (Schaie,
1965, 1977, 1986) and typically involve a further complication of one of the
longitudinal-sequential strategies. These strategies allow three basic options:
The first approach crosses maturational and selection effects (cohort-se-
quential design) by sampling two or more cohorts over the same age range,
thus conducting a multicohort longitudinal study. The second option crosses
maturational and history effects (time-sequential design) by sampling two or
more age levels at two or more measurement points; this is a replicated cross-
sectional study. The third approach crosses maturational and selection ef-
fects (cross-sequential design) by sampling two cohorts across the same time
interval—a mixed cross-sectional and longitudinal approach.
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HisTORY BY ATTRITION DESIGNS

We can assess the effects of history and attrition by considering two lon-
gitudinal samples carried over the same age range: that is, sample 1 is
followed from T to T, and sample 2 from T, to T;. Because only the first
measurement points are considered for either sample, this design is cross-
sectional and thus controls for testing and reactivity. This design can be
analyzed by a two-way ANOVA that crosses attrition and time of measure-
ment. Note, however, that this approach does not control for selection
effects.

The time-sequential strategy allows a more general (and interesting) for-
mat for this design in that it allows estimating the components of variance
associated with maturation, history, and attrition. The sampling plan and
ANOVA model for this general approach have previously been described
(Schaie, 1977, p. 53, Table 10; also see following example). This design re-
quires a minimum of two age levels from two samples initially assessed at T,
or T,. The attrition information is obtained by assessing sample 1 also at T,
and sample 2 at T;. The last assessment point does not enter the analysis.

SELECTION BY ATTRITION DESIGNS

A more complex approach is required to cross maturational, selection and
attrition effects. This can be accomplished by extending the standard cohort-
sequential design (Schaie, 1977, p. 44, Table 2). Two cohorts are followed over
a minimum of two ages. The first cohort is assessed at T, T,, and T, while the
second cohortis assessed at T, T, and T,. In each case the final assessment is
for the purpose of identifying dropouts and does not enter the analysis. Note
that this design does not control for testing and reactivity. That is, attrition
and practice effects must necessarily be confounded. However, it is possible
to include the necessary controls by utilizing the cohort-sequential design
with independent measurements (Schaie, 1977, p. 45, Table 3). In this in-
stance, we would need to carry a minimum of two samples from each of two
cohorts at two age levels. Again four assessment points are required: C,A,S,
istested at T, and T»; C,A,S, and C,A,S, are tested at T, and T;; and C,A,S, is
tested at T; and T,. Only data at first time of test are included in this analysis
to control for testing and reactivity.

HiSTORY BY SELECTION BY ATTRITION DESIGNS

During those periods of adulthood when maturational change is minimal, it
is also possible to specify designs that allow crossing attrition effects, with
both history and selection. These designs involve extensions of the cross-
sequential approach (Schaie, 1977, p. 49, Tables 7 and 8). These designs
follow a minimum of two cohorts over at least two times of measurement,
with an additional measurement point at T} to determine dropouts following
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the T, assessment. The repeated measures design requires classification into
dropouts and survivors after the first and second assessment. Experimental
mortality at T, consequently is confounded with practice effects. In the inde-
pendent measurement variant, practice is controlled for, but separate sam
ples must be assessed twice for each level of the design. .-

History BY PRACTICE DESIGNS

Crossing history and practice for a particular age level requires a minimum
of four samples and three measurement occasions. Data are compared at T,
and T, for samples of equivalent age that were either previously assessed at T,
and T, or that are assessed at T, and T, for the first time. A more general for-
mat of this design, which balances ages at pretest, is an extension of the time-
sequential design that crosses maturation, history and practice (see Schaie,
1977, p. 47, Table 6). This design requires four samples at each of two age
levels, half of which are pretested at an earlier occasion before generating the
data that enter this analysis. Note that this design confounds practice
with attrition.

SELECTION BY PRACTICE DESIGNS

The cohort-sequential design with independent measurements can be ex-
panded to permit crossing of maturation, selection, and practice. A mini-
mum of two samples are required at each age level for each cohort, half of
whom have received practice at a previous data point that does not enter
analysis. As a consequence, a minimum of four assessment points will be re-
quired for this design, which also confounds practice with attrition (see
Schaie, 1977, p. 46, Table 4).

HisToRrY BY SELECTION BY PRACTICE DESIGNS

Once again, for those adult age levels when maturation can be assumed to be
trivial, it would be possible to cross history, selection, and practice by an ex-
tended version of the cross-sequential design with independent measure-
ments. The minimum design here requires three assessment points. That is,
each of the four possible cohort/time of measurement combinations (at T,
and T;) would require two samples, one of which received practice at T, or T,
respectively (see Schaie, 1977, p. 50, Table 9).

DESIGNS CROSSING PRACTICE AND ATTRITION

Using the independent measurement designs allows assessing the effects of
experimental mortality while controlling for practice. The converse ap-
proach (assessing effects of practice while controlling for experimental mor-
tality) is not feasible because study participants returning for a second
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assessment represent, by definition, only the group of retest survivors. It is
possible, however, to cross attrition and practice, if rather than comparing
only survivors and dropouts after T),, we also consider survivors and
dropouts after T,. In this case a prior occasion not entering analysis is re-
quired for half of our groups, and all individuals must be followed to the oc-
casion beyond the last analysis point, to determine dropouts and survivors
for each subset. All the designs described can be treated in this manner, but
an additional assessment occasion is required. Thus designs crossing prac-
tice, attrition, maturation, and history, or those crossing practice, attrition,
selection, and history will require four assessment occasions. The design that
crosses practice, attrition, selection, and history requires a minimum of five
occasions (see Schaie, 1977, pp. 54-55, Table 11).

Empirical Data on the Significance of Internal Validity
Threats for Data on Adult Cognitive Development

Description of the Data Base

The data to be discussed come from the Seattle Longitudinal Study (SLS), a
multiwave panel study that uses as its population frame the membership ofa
metropolitan health maintenance organization (cf. Schaie, 1983b). All 3442
participants were, at first test, community-dwelling adults who were ran-
domly selected from each 7-year age stratum included in each panel. These
data were collected in 1956 (N = 500; ages 22-70 years), 1963 (N = 997; ages
22-77),1970 (N = 705; ages 22-84); 1977 (N = 612; ages 22-84), and 1984 (N =
628; ages 22-84 years). At each successive data point as many survivors of the
previous wave as possible were reexamined. Thus we have 1357 participants
for whom 7-year longitudinal data at T, are available for four data sets: 1963
(N = 303; ages 29-77), 1970 (N = 420; ages 29-84), 1977 (N = 340; ages 29-91),
and 1984 (N = 294; ages 29-91). Fourteen-year longitudinal data at T are
available for 723 participants in three data sets: 1970 (N = 162; ages 36-84),
1977 (N = 337; ages 36-91), and 1984 (N = 224; ages 36-94). Twenty-one-year
longitudinal data at T, exist for 355 participants in two data sets: 1977 WN=
130; ages 43-91), and 1984 (N = 225; ages 43-94). Finally, there is one 28-year
longitudinal data set in 1984 at T (N = 97; ages 50-94 years).

All participants were in good health when tested, and were representative
of the upper 75% of the socioeconomic stratum. For the total data base
educational levels averaged 13.27 years (range, 4-20 years), and occupational -
status averaged 6.25 on a 10-point scale using census classifications ranging
from unskilled labor to professional.

Throughout the study, subjects were assessed with the first five primary
mental abilities (Schaie, 1985; Thurstone & Thurstone, 1941), the Test of
Behavioral Rigidity (Schaie & Parham, 1975), and a demographic informa-
tion form. All subjects were tested in small groups in sessions, which for the



252 K. W. Schaie

first three waves lasted about 2 hours, for the fourth wave about 3 hours, and
for the fifth wave in two sessions of 2.5 hours each (necessary because multi-
ple markers of the abilities and other additional measures were added). For
the examples in this chapter we will limit our discussion to the five primary

abilities: Verbal Meaning, the ability to comprehend words, a measure of*

recognition vocabulary; Spatial Orientation, the ability to mentally rotate
objects in two-dimensional space; Inductive Reasoning, the ability to infer
rules from examples that contain regular progressions of information;
Number, the ability to manipulate number concepts, as measured by check-
ing simple addition problems; and Word Fluency, a measure of recall
vocabulary.

Some Basic Findings

The foregoing data base by now contains sufficient information to allow us
to eonduct virtually all of the analyses that I have described, allowing either
controls for or assessment of the magnitude of effects of the internal validity
threats described previously. I begin my discussion by presenting some basic
data and then proceeding through some further analyses investigating the ef-
fects of the internal validity threats. For ease of comparison across the dif-
ferent measurement variables, all raw scores have been scaled to T-score
form (M = 50, SD = 10) on the basis of the total sample of 3442 individuals at
first test across all five test occasions. All data have been organized in subsets

with equal interval boundaries; that is, all age and cohort groupings are ex-.

pressed in 7-year intervals to conform to the 7-year intervals between assess-
ment occasions.

THE CrosS-SECTIONAL SEQUENCE

The initial test data can be conceptualized as a sequence of five cross-
sectional studies. Table 8.1 provides the scaled means for each separate sam-
ple for all available age groups. Weighted means across the five data sets are
also provided, and the significance level (from one-way ANOVAs) is in-
dicated for those age levels at which the means for the separate samples dif-
fer in a nonchance manner. Significant findings here provide evidence for
the presence of selection by history effects. Significant variation across time
(time lags) are characteristic for most age levels of all the Primary Mental
Ability (PMA) variables, with the exception of Spatial Orientation.

These data of course do not allow direct inferences on age change in cogni-
tive behavior within individuals. They are, however, relevant for a descrip-
tion of age differences among groups of individuals, as well as the identifica-
tion of peak performance ages, at particular points in time. Over the age
range from 25 to 67 years (data available for all five test occasions), for exam-
ple, peak performance ages for Verbal Meaning have shifted upwards from
age 32 in 1956 to age 46 in 1984, and the range of mean age differences has

W
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TasLe 8.1. Scaled Means for the Primary Mental Abilities for Five Cross-Sectional
Samples Assessed at 7-Year Intervals

Mean Age 1956 1963 1970 1977 1984 Average
Verbal Meaning
25 52.64 53.30 53.84 54.68 55.46 5394
32 54.87 54.05 53.80 56.22 54.83 54.64
39 51.90 54.20 53.95 54.96 56.86 54.83%*
46 53.36 51.73 54.86 5249 57.36 53.54*»*
53 49.10 48.35 5445 52.87 54.79 51.43%**
60 4445 46.84 52.30 50.64 5246 49.16***
67 42.56 42.57 45.26 46.44 48.68 44.86***
74 — 39.66 39.85 40.88 44.32 41.11**
81 — —_ 37.92 35.72 40.60 37.92%*
Spatial Orientation
25 54.00 53.30 53.84 54.68 55.46 53.94*
32 5495 54.16 57.28 55.98 54.02 55.14
39 51.96 53.16 53.84 54.78 53.10 53.38
46 5112 51.76 54.73 5272 53.82 52.71
53 47.28 48.99 50.82 51.00 49.51 49.52
60 46.16 48.14 48.85 47.65 48.08 47.87
67 44.10 4422 43.77 46.98 4397 44.55
74 —_ 4197 42.16 41.68 41.72 41.88
81 — - 40.70 39.4 39.82 39.92
Inductive Reasoning
25 55.19 58.60 59.84 59.02 60.01 58.23%#*
32 55.67 56.02 58.14 5172 58.86 56.91*
39 51.07 53.84 54.13 56.60 57.83 54,534%*
46 51.68 50.07 53.56 52.61 56.18 52.29%**
53 48.41 46.45 51.09 51.55 53.72 49.56%**
60 42.63 44.83 49.52 4831 50.97 47.10%**
67 42,04 40.53 42.80 45.02 46.83 43.13#%*
74 —_ 39.86 39.51 40.82 44.16 41.03***
81 — — 38.81 3891 38.86 38.86
Number
25 48.79 50.73 51.29 49.25 48.22 49.69
32 51.67 53.78 53.49 50.72 50.55 52.35
39 51.25 5431 5237 51.17 48.83 52.10**
46 53.58 53.01 55.46 48.07 51.52 52.57*++
S3 52.80 50.66 5474 51.80 48.99 S51.77**
60 47.58 49.64 55.20 5042 49.50 50.45%**
67 47.67 46.55 48.24 49.94 48.79 48.06*
74 — 4433 4490 44.64 46.91 45.19
81 —_ — 41.35 42.07 41.73 41.74
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TasLe 8.1 Continued

Mean Age 1956 1963 1970 1977 1984 Average

Word Fluency

25 53.96 52.34 53.36 53.50 55.19 53.63
32 56.65 52.54 50.78 54.71 54.90 53.71**
39 54.30 5191 50.36 52.00 54.71 52.45*
46 56.49 50.80 52.66 4955 53.47 52.20%**
53 55.63 47.68 52.82 50.91 51.98 S1.15%**
60 50.00 49.15 50.42 50.09 41.70 4943

67 47.95 44.64 44.12 47.68 46.95 46.01*
74 — 44.66 41.54 43.07 44.78 43.45*
81 -_ -— 42.46 41.82 4124 41.84

*» < .05; **p < 01; ***p < .001.

been reduced from approximately 1 SD to 0.6 SD. For Inductive Reasoning,
the range of age differences has remained the same, but the peak perfor-
mance age has shifted upwards from age 32 to age 46. For Word Fluency the
range of age difference has increased slightly, and the peak performance age
has shifted downward from 32 to 25. Age difference patterns have remained
fairly stable for Spatial Orientation, while substantial nonsystematic fluctua-
tion occurred for Number skill.

It should be evident that any particular set of age differences will be con-
founded with cohort (selection) differences, and that an assessment of
reasonably stable age differences will require aggregation of data for several
cross-sectional studies covering the same age ranges. Such average data are
given in the last column of Table 8.1.

THE LONGITUDINAL SEQUENCES

The estimates of mean level obtained at various ages from the longitudinal
studies are not directly interpretable since they reflect data from attrited sam-
ples. Direct estimates of within-individual change over time are conse-
quently more informative. Table 8.2 provides data on longitudinal change
for the PMA variables over a 7-year period aggregated across the four lon-
gitudinal sequences described. The last column in this table aggregates 7-
year changes regardless of level of prior practice to obtain the largest possible
sample sizes. It will be noticed that on average small gains are experienced
into the thirties, and that decremental age changes are quite small and only
reach Cohen’s (1977) criterion of a minimally interesting effect size (0.2 SD)
for some variables by age 67. Such changes, increasing in magnitude, are
then seen for successive 7-year intervals.

It is of interest further to note the cumulative effect of longitudinal age
changes as derived from the overall estimates in the last column of Table 8.2.
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TasLe 8.2. Magnitude of Longitudinal Age Changes for the Primary Mental
Abilities Across a 7-Year Interval®
Tl to Tz Tz to T] T3 to T4 T4 to T5 Average
Mean Ages N d N d N d N d N d
Verbal Meaning
25-32 135 +1.42 — — - 135 +1.42
32-39 169 +1.70 69 +0.08 - — 238 +1.23
39-46 213 4106 96 +002 34 -226 — 343 4045
46-53 204 +054 108 -056 52 -—095 13 -0.73 377 -003
53-60 223 028 126 —-055 56 ~—-160 17 -—167 422 -0.68
60-67 170 -1.59 117 -224 70 -282 17 -065 374 -203
67-74 163 -212 66 317 55 =300 22 -328 306 -259
74-81 60 —-179 49 —-405 21 -261 14 -593 144 -343
81-88 18 —4.68 8§ -970 10 -925 3.  -867 39 -736
Spatial Orientation
25-32 135 4099 - — — 135 4099
32-39 169 +027 69 +0.24 — — 238 +40.26
39-46 212 4003 96 -045 34 4096 — 342 -002
46-53 204 +0.13 108 -073 52 -157 13 -—-2.89 377 -045
53-60 222 —-026 126 -—-1.14 56 -040 17 -303 421 -0.66
60-67 168 —205 117 —141 69 -316 17 +041 371 -—194
67-74 162 —-281 64 -—149 54 -291 21 +004 301 -235
74-81 59 —-410 49 -215 21 -—-153 14 -547 143 -3.19
81-88 18 —4.68 7 —-406 8 —-496 3 —697 36 -4381
Inductive Reasoning '
25-32 135, +048 — — - 135 +048
32-39 169 +068 69 -024 — — 238 4042
39-46 213 +008 96 -034 34 -—048 - 343 -0.09
46-53 204 -031 108 +030 52 -029 13 +072 377 -0.10
53-60 223 +0.19 126 —-020 56 —175 17 —L77 422 -0.26
60-67 170 -228 117 —-149 70 -251 17 =228 3714 =207
67-74 163 -207 66 -283 55 -360 22 —353 306 -263
74-81 60 -—-228 48 -259 21 -092 14 -268 143 -222
81-88 17 —254 8 —834 10 -344 3 -224 38 -397
Number
25-32 135 +1.32 — — — 135 +132
32-39 169 + .14 69 -1.36 - -~ 238 -0.29
39-46 213 —-010 96 -—-085 34 -—1.14 — 343 -041
46-53 204 -048 108 -250 52 -—-095 13 -086 377 -1.14
53-60 222 -022 126 -140 56 -—-143 17 -143 421 -0.78
60-67 171 —-156 117 =247 70 -309 17 =076 375 -2.13
67-74 163 —224 66 -234 S5 =300 22 +103 306 -217
74-81 60 —441 49 -501 21 4091 14 -—347 144 =375
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TasLe 8.2 Continued

T| to TZ TZ to TJ T3 to T4 T4 to T5 Average

Mean Ages N d N d N d N d N d

Word Fluency

25-32 135 +0.89 — — - 135 +0.89
32-39 169 —055 69 +0.75 - — 238 -0.17
39-46 213 =012 9 +0.69 34 -—124 - 343 +0.01

46-53 204 =079 108 -090 52 =079 13 =077 377 -0.82
53-60 223 —-125 126 —-131 Ss6 —-074 17 -040 422 -1.17
60-67 171 =248 117 -107 70 -117 17 =273 375 -1.81
67-74 163 -249 66 —208 S5 284 22 -288 306 -2.56
74-81 60 —407 49 =270 21 -288 14 -—425 144 -344
81-88 IR -4.19 8 —-1L73 10 =296 3 +229 39 -257

“Data in T-score points.

The magnitudes of these cumulative changes are given in Table 8.3. For Ver-
bal Meaning. the most crystallized of our measures, cumulative gain remains
significantly above the base age until age 60. Early cumulative gains do not
reach levels of statistical significance.

In terms of Cohen's criteria, cumulative decrement reaches a small but
significant level for Number and Word Fluency by age 67 and for all other
variables by age 74. The effects of cumulative decrement become moderately
severe (0.5 SD) by age 74 for Number and Word Fluency, and by age 81 for

TasLe 8.3. Cumulative Magnitude of Longitudinal Age Changes for the Primary
Mental Abilities From Base Age 25 to Ages 32-887

Mean Verbal Spatial Inductive Word
Age Meaning Orientation Reasoning Number Fluency
32 +1.42 +0.99 +0.48 +1.32 +0.89
39 +2.65* +1.25 +0.90 +1.03 +0.72
46 +3.10** +1.23 +0.81 +0.62 +0.73
53 +3.03** +0.78 +0.71 —0.52 -0.09
60 +2.35*% +0.12 +0.45 —-1.30 -1.26
67 +0.32 -1.82 -1.62 —3.43** —3.07**
74 =227 —4.17** —4.25%* —5.60** —5.63**
81 —6.00** —7.36** —6.47** —9.35%* =9.07**
88 ~13.36** —12.17** —-10.44** —~14.96** —11.64**

“Data in T-score points.
*Significant at or bevond the 5% level of confidence.
**Significant at ar bevond the 1% level of confidence.
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the other variables. However. substantial effect sizes (>1 SD) are reached
only by age 88 for all variables.

The first four columns of Table 8.2 disaggregate the longitudinal data into
separate estimates for those subjects who had no prior practice before the in-
itial point of the 7-year interval. and for those who had either one. two, or
three earlier experiences with the test material. With few exceptions, the
groups with no prior experience show either greater gain or less decline than
those with greater prior experience. One might infer from these data that the
estimates for the first longitudinal interval could be inflated by favorable
practice effects. It should be noted. however, that this conclusion can he pre-
liminary only, since different levels of practice are confounded with experi-
mental mortality (drop-out) effects. Moreover. the disaggregated data in
Table 8.2 may also be disparately affected by history; that is, given the
cumulative nature of the data. T,/T, data are cumulated over four 7-year
periods, T,/T, data over three periods, and T/T, data over two periods; T,/T
data are available only for a single period. These differences are of course
also reflected in disparate sample sizes as shown for each estimate in Table
8.2. Some of these problems can be directly or indirectly addressed utilizing
the analytic strategies mentioned for which examples utilizing our data base
are now provided.

The Estimation of Attrition and
Practice Effects in Longitudinal Data

I first report complete data on well-replicated direct estimates of attrition,
practice, and practice adjusted for attrition effects based on large samples
covering the entire age ranges represented in the Seattle Longitudinal Study.
I examine how these effects have differential impact on estimates of lon-
gitudinal change at different age levels. Finally, more limited examples con-
trolling for the interaction of attrition and practice with other validity threats
are examined.

DireCT ESTIMATES OF ATTRITION

I begin by investigating the magnitude of attrition effects, using the direct es-
timates described on page 247. These effects can be examined for several lon-
gitudinal sequences to contrast the base performance of individuals for
whom longitudinal data are available and those who dropped out after the
initial assessment. and it is also possible to consider shifts in direction and
magnitude of attrition effects that may occur after multiple assessment oc-
casions. Because the overall means are affected by slightly different age com-
positions, [ report attrition data as the difference in average performance be-
tween dropouts and returnees (Table &4). Attrition effects vary across
samples originally assessed at different points in time, but after the first test
generally range from 0.3 to 0.5 SD, and must therefore be characterized as
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TasLe 8.4. Difference in Average Performance at Base Assessment Between
Dropouts and Returnees?

Sample 1 Sample 2 Sample 3 Sample 4
N =500 N =997 N=1705 N =612

After Test 1

Verbal meaning 4.07** 6.38** 6.27** 6.12**
Spatial orientation 2.52%* 4.00** 4.08** 4.25%*
Inductive reasoning 3.06%* 5.28** 5.70** 6.70**
Number 1.97* 3.95*+* 5.16** 4.45%*
Word fluency 3.06** 3.66** 4.84** 3.68**
After Test 2
Verbal meaning 351 1.97* 371
Spatial orientation 2.16** 1.35 5.09%*
Inductive reasoning 5.14** 2.54** 5.81%*
Number 2.13* 1.65* 2.87**
Word fluency 241* 1.01 2,67
After Test 3
Verbal meaning 4.10* 2.30*
Spatial orientation 4.85** 0.48
Inductive reasoning 4.35%* 4.73**
Number 0.58 1.89
Word fluency 3.96* 1.16
After Test 4
Verbal meaning 472+
Spatial orientation 3.45*
Inductive reasoning 4.45*
Number 1.35
World fluency 4.25*

“Data in T-score points.
*p < .05; **p < .01. Note: All differences are in favor of the returnees.

being of at least moderate effect size. Attrition elfects after the second test
and beyond are somewhat less pronounced, but remain of significant
magnitude.

Before being overly impressed by the substantial differences between
dropouts and returnees, we must note that the extent to which these differ-
ences will bias our projections based on the survivors only will depend on
the proportion of dropouts; that is, if attrition is modest the effects will be
small, or vice versa. Table 8.5 presents the net attrition effects (in T-score
points) for our samples, showing different attrition patterns. As can be seen
the effect is largest for those occasions when the greatest proportion of
dropouts occur, and becomes smaller as the panels stabilize and remaining
loss occurs primarily through death or disabilities.

The attrition data clearly indicate that parameter estimates of levels of
cognitive function from longitudinal data. in the presence of significant attri-
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TasLE 8.5. Attrition Effects Calculated as Difference Between Base Means for
Total Sample and Returnees?

Sample 1 Sample 2 Sample 3 Sample 4
N =500 N =997 N =105 N =612

Attrition after T 38.2% 53.5% 51.9% 52.3%
Verbal meaning 1.52* 3.41** 297+ 3.20%
Spatial orientation 0.96 2.14** 2.12*+ 1.40*
Inductive reasoning 1.17 2.82** 2.96** 222%*
Number 0.76 2,11+ 2.68** 2.46**
Word fluency 1.17 1.95** 2.51** 2.33%*

Attrition after T, 25.0% 16.0% 16.5%

Verbal meaning 1.59 0.70 1.54
Spatial orientation 1.02 0.48 1.40
Inductive reasoning 2.33** 091 1.99
Number 0.93 0.59 0.98
Word fluency 1.09 0.36 0.74

Attrition after 7, 8.0% 7.4%

Verbal meaning 097 0.57

Spatial orientation 1.12 0.12

Inductive reasoning 1.03 1.14

Number 0.16 0.47

Word fluency 94 0.29
Attrition after T, 6.6%

Verbal meaning 1.21

Spatial orientation 0.86

Inductive reasoning 1.14

Number 0.35

Word fluency 1.09

“PData in T-score points.
*p < .05; **p < .01. Note: All differences are in favor of the returnees.

tion, will be substantially higher in most instances than would be the case if
an entire population sample could be followed over time. It does not
necessarily follow, however, that rates of change will be overestimated unless
it can be shown that there is a substantial positive correlation between base
level performance and age change. On the basis of the favorable attrition. we
would expect modest negative correlations due to regression effects, even
though the stability of the PMA variables is quite high. The relevant cor-
relations are reported in Table 8.6, and suggest that there is no evidence for a
more favorable rate of change for the higher scoring members of the panel.
In fact., some of the larger negative corrclations may reflect greater age
changes on some variables (e.g, Number and Word Fluency) for the more
able, implying that the longitudinal panel data might in some instances be
overestimating the extent of age-related decline in the general population.
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TasLe 8.6. Correlations of Gain Scores With Base Scores
Sample | Sample 2 Sample 3 Sample 4
At Test |
Verbal meaning -.24 —.26 -.15 -.23
Spatial orientation -.33 -.27 -.24 -.23 . S+ O e
Inductive reasoning -.18 -.26 -.20 -.17 <+ 'g Zeaasd
Number -25 —.28 -37 -.19 2 UL
Word fluency -.28 —.43 -27 ~.18 E x R
At Test 2 N S S80g2
Verbal meaning =17 -.10 -.15 ==
Spatial orientation -.18 -.33 -.19 = .
Inductive reasoning -.16 -.02 -.20 2 5 RRZIR ¥8885Y
Number =25 -.19 -2 glol<l °°F°° 7995~
Word fluency -23 -36 -17 3ls
At Test 3 LIS R S S T
Verbal meaning -.10 -20 = & A¥R3BE 2gR==
Spatial orientation -23 -25 2 maaes oo s oo
Inductive reasoning -.25 -22 s
Number -22 -26 = ) sgzug Suzxlz 2oegasx
Word fluency —-.08 -.22 § ~ 2 S2833 232238 sEs83
At Test 4 212 : !
Verbal meaning -.08 1 E
Spatial orientation -.37 .§ A S :t, :8 ;,, L i’, ;_, 5, §_, Y wo zeg
{\l;ducbtive reasoning —‘113 8 -4 33T 28523 :'; IES 3
umber it ay
Word fluency -29 5 .
8 Tl S888% R2%¥BVE |§IS2Q A3 888
& - < —Soo0 cNoodoco Cocoodco oSS —&
Sl ] T T T 77 T 11
DiRECT ASSESSMENT OF PRACTICE EFFECTS 3 ‘E" 5o,
o ] —
The possible inflation of longitudinal change estimates because of practice é, v 5 § % § § E § § f § § § E g § i‘ § pad % § E
effects can be studied by comparing individuals at the same age who are < I ! bl I
retest returnees with the performance of individuals assessed for the first g
time at T,. It will be seen from Table 8.7 that the apparent practice effects es- :g
timated in this manner, at first glance, appear to be impressively large. < ~ I - " 4
However, these comparisons involve the comparisons of attrited and ran- 2 2 2 2 2 £
dom samples. The mean values for the longitudinal group must therefore be N e =t 5t 5t Y &2
adjusted for attrition to permit a valid comparison. The appropriate values S B & 55 & S - ® §a @ 5 g v
for this adjustment are not those from Table 8.4 (the differences between the o B_—E 9 2 B_—-¢E3 & 2_—EQ = 3. =g E gL
survivors and returnees), but rather the mean differences between the re- ﬁ =8 .g % € ‘56’ =8 g § e 'g =3 % % e "g =3 % % = '\g £
turnees and the entire sample at base as shown in Table 8.5. Data for the raw 3 g Lassz g Sab22 Esapiz Esapm Z2|Sv
and adjusted practice effects are provided in Table 8.7. Because we expect = 3 i 3 3 e~

practice effects to be positive, all significance tests used in this instance are
one-tailed. The raw practice effects appear to be statistically significant for
virtually all variables and samples, but none of adjusted effects reach
significance except for Verbal Meaning in sample 1.
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Similar analyses can be conducted to assess the continuing effects of prac-
tice at additional assessment points in the study. Data are provided up to the
fifth assessment occasion. It will be seen that a few raw effect estimates are
significant for practice from T, to T}, but attrition-adjusted effects remain
significant only for Verbal Meaning and Number in sample 2. Neither raw
nor adjusted effects reach significant levels for practice from T to T, or from
T,to T

EFFECTS OF ADJUSTMENTS FOR PRACTICE AND
ATTRITION ON FINDINGS OF LONGITUDINAL AGE CHANGES

The estimates for attrition-adjusted practice effects can, of course, be derived
also for the age changes described in Table 8.2. To obtain maximum cell
sizes, we have computed these estimates aggregated for all our subjects at
each age for which all of the required 7-year longitudinal data were avail-
able. Because the primary concern here is empirical examples of the
methods advocated for dealing with internal validity threats, I present data
for this and the following analyses only for the variable of Verbal Meaning
over the age range from 25 to 81 years. The attrition effects are obtained by
finding the differences between dropouts and returnees at T,. Raw practice
effects are obtained by obtaining differences between means for returnees at
T, and samples of the same age tested for the first time at T,

Again, small attrition effects are observed that reach statistical signifi-
cance for the mean ages 39 to 60. Raw practice effects are statistically signifi-
cant at all ages, but do not reach significance at any age when adjusted for at-
trition effects. Virtually all effects, however, are in a positive direction. When
these values are used to adjust the raw longitudinal age changes, early in-
crements (from 25 to 46) are no longer statistically significant, while signifi-
cant decline is found to occur earlier, by age 60. I therefore plotted a com-
parison of data obtained from the cross-sectional averages (from Table 8.1),
the unadjusted longitudinal changes estimated on the basis of all T,/T, data
(from Table 8.2), and longitudinal changes adjusted for practice and attrition
effects (from Table 8.8). These adjusted values still represent within-indi-
vidual change that is considerably less than would be suggested by the cross-
sectional data, but do show steeper decline than the unadjusted longi-
tudinal estimates. o

The adjustments to the longitudinal age changes for practice and attrition
shown are rather straightforward. As noted earlier, however, they used data
aggregated across several samples studied over the same age range but at dif-
ferent time periods. The resultant adjustments consequently would be ex-
cessive if average secular trends had been negative or insufficient if such
trends were positive. Likewise, positive selection (cohort) effects could result
in overestimating the raw practice effects, whereas negative selection effects
would result in underestimates. Data are now presented for analvses that ex-
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TasLe 8.8. Adjustment of 7-Year Longitudinal Age Changes for Practice and
Attrition Effects for Verbal Meaning®

Practice Effect
Attrition Raw Adjusted
Mean Age N Effect Raw Adjusted Age Change Age Change

25-32 135 +141 +1.96 +0.55 +1.42* +0.87
32-39 169 +1.09 +2.39** +1.30 +1.70** +0.40
39-46 213 +1.77* +2.27** +0.50 +1.06* +0.56
46-53 204 +381**  +3.61** -0.20 +0.54 +0.74
53-60 223 +1.84* +2.74** +0.90 —0.28 —1.18**
60-67 170 +2.65%* +331** +0.66 —1.59** —2.25**
67-74 163 +1.48 +2.69** +1.21 —2.12** —3.33%
74-81 60 +3.11 +3.68** +0.57 —1.79** —2.36**

“Data in T-score points.
*p < .05; **p < 0L

emplify how practice and/or mortality effects can be disentangled when
suitably crossed with the effects of history and selection.

EsTIMATING HisTORY BY ATTRITION EFFECTS

Using ANOVA, overall attrition and history effects can be estimated. con-
trolled for maturation, and estimates of history-specific and age-specific at-
trition effects can be provided. The 2 (attrition) X 3 (times-of-measurement) -
X 8 (age levels) time-sequential ANOVA employs 2205 subjects over the age
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range from 25 to 74 years who were first tested eitherin 1963, 1970, or 1977; at-
trition information was obtained from the second assessment of each sample
7 years later (1970, 1977, or 1984, respectively). Results of this analysis are
reported in Table 8.9. All main effects are statistically significant, as is the age
by history interaction. However, the age by attrition interaction is not signifi-
cant, suggesting that attrition effects are randomly distributed with respect to
age. The history by attrition interaction approaches statistical significance.
While the overall attrition effect amounts to 3.60 T-score points, history-
specific attrition effects were found to be 4.79, 2.84, and 3.14 points, respec-
tively, for 1963, 1970, and 1977.1 did not report age-specific attrition effects in
this instance, because the age by attrition interaction failed to reach statisti-
cal significance.

ESTIMATING SELECTION BY ATTRITION EFFECTS

Age-specific attrition effects can also be estimated, while controlling for the
effects of maturation and selection effects, by a series of ANOVAs that cross
any two adjacent ages and cohorts. The current example represents data for
two 2 (attrition) X 2 (cohort) X 2 (age levels) cohort-sequential analyses with
independent samples of 385 subjects for ages 53 and 60 and 366 subjects for
ages 60 and 67. Data for the first cohort in each analysis come from the 1963
and 1970 data collections; the second cohort was assessed in 1970 and 1977.
Attrition information on each of the four samples entering these analyses
was obtained at the assessment that occurred 7 years beyond the data point
entering the analysis. Results are shown in Table 8.10. The comparison at
ages 53 and 60 yields significant selection and attrition effects, but no signifi-
cant age effects. However, there is a significant age by selection interaction,
revealing stability across age in the earlier born cohort but negative age dif-
ferences in the later born cohort. In the comparison of samples at ages 60 and
67, main effects are significant for all three factors. The significant age by

TanLe 8.9. Time-Sequential Analysis of Variance Partitioning Effects Attributable
to Age, History. and Attrition

Effect df  Mean Square F Ratio p Omega?
Age 7 6534.87 67.89 <.001 .168
History 2 1097.83 11.41 > 001 006
Attrition 1 8260.99 85.82 < .001 054
Age X history 14 248.10 2.58 <.001 014
Age X attrition 7 88.56 92 ns? —
History X attrition 2 26445 275 < .06 .004
Age X history X attrition 14 79.80 .83 ns -
Error 2157 96.26 - - -

“ns, not significant.
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Tasie 8.10. Cohort-Sequential Analysis of Variance Partitioning Effects
Attributable to Age. Selection. and Attrition

Effect df  Mean Square F Ratio p Omega?
Comparison at Ages 53 and 60
Age 1 547 05 ns?
Selection 1 622.82 6.11 <.01 o1t
Attrition 1 2695.60 2646  <.001 087
Age X selection 1 2092.01 2054 <.001 134
Age X attrition 1 29.26 29 ns —
Selection X attrition 1 22.90 22 ns —
Age X selection X attrition 1 284.26 279 ns —
Error 377 101.86 — — —
Comparison at Ages 60 and 67
Age 1 1652.46 15.21 <.001 048
Selection 1 788.34 726 <01 010
Attrition 1 1056.35 972 <01 034
Age X selection 1 400.96 369 <05 034
Age X attrition 1 116.58 1.07 ns —
Selection X attrition 1 146.46 1.35 ns —
Age X selection X attrition 1 127 07 ns -
Error 358 108.64 — — —

“ns, not significant.

selection interaction, again favors the eatlier born over the later born cohort.
Attrition effects in both analyses appear to be random with respect to age -
and selection. The magnitude of the attrition effects, however varies substan-
tially across sets (4.77 and 3.01 T-score points, respectively).

ESTIMATING HisTORY BY PRACTICE EFFECTS

We can disaggregate history and practice effects while controlling for
maturation by means of a time-sequential ANOVA that includes four sam-
ples per age level, two of which are assessed at first assessment and two that
would have previously experienced the same measures. Data are presented
for 2 (levels of practice) X 2 (times of measurement) X 7 (age levels) time-
sequential analysis involving 1764 subjects aged 32 to 74 with assessments of
independent random samples occurring in 1970 and 1977. Note that half of
the subsamples were assessed 7 years earlier, in 1963 or 1970; the earlier data
do not enter this analysis. This analysis (Table 8.11) is not controlled for ef-
fects of attrition, which, in this design, remain confounded with the practice
effects. As seen in the earlier history by attrition analysis, no significant his-
tory effects are found between 1970 and 1977. As expected the age effect is
highly significant, as is the practice effect. The magnitude of the latter (aver-
age raw nractice effect) amounts to 2.61 T-score nointe Na cionificant in.
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Tasee 8.11. Time-Sequential Analysis of Variance Partitioning Effects Attributable
to Age, History, and Practice

Effect df  Mean Square F Ratio P Omega’
Age 6 7390.17 81.73 <.001 218
History 1 477 .05 ns? —_
Practice 1 3754.57 41.52 <.001 031
Age X history 1 15891 1.76 ns -
Age X practicen 1 128.85 1.43 ns —
History X practice 1 6.36 .07 ns —
Age X history X practice 1 1179.46 1.98 <.06 023
Error 1761 90.42 — — -

%ns, not significant.

teractions are found between age and practice, but the three-way interaction
is marginally significant. Theoretically, this interaction would reflect age-
specific practice effects that differ by time of assessment. Magnitudes for
these specific effects are not reported; they may occur primarily because of
the failure to control for the attrition confound in this design.

ESTIMATING SELECTION BY PRACTICE EFFECTS

Age-specific practice effects, of course, can also be estimated while controll-
ing for the effects of selection effects. A series of ANOVAs is used to cross any
two adjacent ages and cohorts. This example has two 2 (levels of practice) X 2
(cohort) X 2 (age levels) cohort-sequential analyses with independent sam-
ples. The first analysis is of 625 subjects aged 53 and 60. The second analysis,
with 571 subjects, compares ages 60 and 67. Data for the first cohort in each
analysis come from the 1963 and 1970 data collections; the second cohort
was assessed in 1970 and 1977. Two samples are involved at each data point.
For exmple, one of the samples from cohort 1 tested in 1963 is at first test,
while the other sample from this cohort was previously assessed in 1956.
Likewise, one sample from cohort 2 tested in 1977 was tested earlier in 1970,
and so on. Data from the earlier tests do not enter these analyses, and attri-
tion is not controlled for.

Results of these analyses are shown in Table 8.12. Main effects are statis-
tically significant for both analyses, although the selection effect is only
marginally so in the comparison of ages 53 and 60. Of particular interest here
are the age by practice and triple interactions. These are clearly significantin
the first analysis, and marginally significant in the second. These results sug-
gest that practice effects may indeed not be random with respect to age, par-
ticularly under specific selection conditions. Practice effects estimated in
these analyses attain magnitudes of 3.16 and 3.75 T-score points, respectively.
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TasLe 8.12. Cohort-Sequential Analysis of Variance Partitioning Effects
Attributable to Age, Selection, and Practice

Effect df  Mean Square F Ratio p Omega?

Comparison at Ages 53 and 60
Age 1 392.11 3.89 <.05 010
Selection 1 295.41 293 <.08 007
Practice 1 1872.14 1856  <.001 053
Age X selection 1 274.27 272 ns? —
Age X practice 1 433.46 430 <05 022
Selection X practice 1 178.30 1.717 ns -
Age X selection X practice 1 1358.81 1347 <.001 129
Error 617 100.84

Comparison at Ages 60 and 67
Age 1 916.48 846 <.00 024
Selection 1 969.84 895 <0l 026
Practice 1 2392.68 2209 <001 068
Age X selection 1 82.26 .76 ns —
Age X practice 1 341.60 315 <07 018
Selection X practice 1 155.58 1.44 ns —
Age X selection X practice 1 359.25 332 <07 038
Error 563 108.33 - — —

“ns, not significant.

Note that at specific age and selection levels, practice effects range from a low
of —.08 to a high of 8.33 T-score points.

It would have been possible in each of the two preceding examples to con-
trol for attrition effects by using in the “no practice” cells only those in-
dividuals who had been identified as having returned for further assessment
of a subsequent test occasion. I do not provide examples for these further
controls because data on age-specific attrition-adjusted practice effects have
already been reported in the section on direct assessment of practice effects.
Instead, the final example provides results of a design that directly crosses at-
trition and practice effects.

JOINT ESTIMATES OF HISTORY. SELECTION. ATTRITION, AND PRACTICE

The final example disaggregates the effects of attrition and practice from his-
tory and selection effects. This analysis requires subsamples examined at
four different assessment points even though only data collected on two of
these occasions are used; the other two occasions are required to establish
two subsamples within each selection/history/attrition combination. One
has been assessed on one more occasion than the other, and a subsample of
each has remained in the study for one further assessment. The example rep-
resents a 2 (selection levels) X 2 (times of measurement) X 2 (practice levels)



268 K. W. Schaie

X 2 (attrition levels) cross-sequential ANOVA with independent samples.
Data from 606 subjects collected in 1970 and 1977, from two cohorts that
were aged 46 and 53 in 1970 and aged 53 and 60 in 1977, respectively, are
used. Each of the four history by selection combinations is divided into four
further subsets. Two of these have not had prior testing, while two were pre-
viously assessed. Further. each is divided into one sample whose members
left the study after the assessment included in this analysis; the other subset
consists of individuals who returned for at least one other occasion. In this
particular example, I am not interested in age-specific estimates, but wish to
consider the relative magnitude of the four internal validity threats under
study. For this reason, an age interval is selected in which earlier data suggest
that maturational (age-related) change will be zero or trivial, and equal time
intervals are used for all comparisons (cf. Botwinick & Arenberg, 1976).
Results of this analysis are given in Table 8.13.

When we cross all four internal validity threats under these conditions,
statistically significant main effects are found for history, practice, and attri-
tion with a marginally significant effect for selection. However, none of the
interactions is statistically significant. Over a 7-year interval, it appears that
the largest effect is from attrition (2.62 T-score points in favor of the re-
turnees), followed by history (2.48 T-score points in favor of the groups
assessed at the earlier point in time), and practice (2.40 T-Score points in
favor of the practiced groups). The selection effect amounts to 1.35 T-score

Taste 8.13. Cross-Sequential Analysis of Variance Partitioning Effects
Attributable to Time, Selection, Practice, and Attrition

Effect df  Mean Square [ Ratio p Omega’?

Time 1 966.25 11.22 <.001 021
Selection 1 28391 3.30 <07 .001
Practice 1 905.43 10.52 <.01 026
Attrition 1 1082.07 12.57 <.001 031
Time X selection 1 74.02 .85 ns? —
Time X practice 1 77.00 .89 ns -
Time X attrition 1 195.53 227 ns —
Selection X practice 1 1.12 01 ns -
Selection X attrition 1 33 .00 ns -
Practice X attrition i 151.69 1.76 ns —
Time X selection X practice 1 224 02 ns —
Time X selection X attrition i 10.72 12 ns —
Selection X practice

X attrition 1 9261 1.07 ns —
Time X selection X practice

X attrition 1 349 .04 ns —
Error 569 86.10 — — —
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points in favor of the later born cohort. These results might suggest that the
validity threats investigated here may indeed be cumulative and. although
independent of each other, must all be considered. The reader should be
cautioned further that, as illustrated earlier. interactions between matura-
tional level and the other variables considered are likely to be found both in
young adulthood and advanced old age, those age levels at which positive or
negative age changes are expected to occur for many cognitive variables.

Some Concluding Remarks

It is well known that cross-sectional studies of cognitive aging tend to paint
unduly pessimistic pictures because positive selection (cohort) effects inflate
age change estimates when modeled by age comparative studies (also see
Willis, 1985, 1987). In reaction to these problems. there have been major ef-
forts in recent years to obtain substantial longitudinal data bases that permit
direct estimates of age changes. Much information can be gained from lon-
gitudinal data that is simply not available in cross-sectional studies (cf.
Schaie, 1983c). What has not been given enough attention. however, is that
longitudinal studies are plagued with even more complex internal validity
threats.

In this chapter I have outlined the nature of these threats with specific
reference to their import for studies of cognitive aging in adulthood. I have
examined in detail experimental paradigms that allow the investigator to
control for or assess the magnitude of effects for the validity threats of attri-
tion, practice, history, and selection (cohort). As has been pointed out by
Campbell and Stanley (1967), there is little that one can do to deal with these
issues in “one-shot” studies, which should probably always be considered
pilot efforts at best.

1 have tried to show, however, that there are relatively simple methods
available that can be applied in those situations in which at least two es-
timates are available for comparable groups. as is the case in many studies
reported in the adult cognitive literature. Naturally, such data can only be in-
vestigated for a single threat at a time, and the investigator must use theoreti-
cal rationales to defend the selected paradigm. As the number of data points
across time available to an investigator increase, so do the possibilities of in-
vestigating multiple validity threats. Again I have presented a number of
alternatives and empirical examples that show why the pursuit of these mat-
ters is not esoteric at all, but may have important substantive consequences.

At least for several of the Primary Mental Abilities, attrition effects nearly
always lead to an overestimate of performance levels, but not necessarily to
an overestimate of rate of change. The matter of practice effects is more
equivocal, because the more practiced group will always have experienced
greater attrition than the less practiced group. Designs that can disaggregate
hoth nractice and attrition from aging effects are complex. however, and re-
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quire multiple data points. When such disaggregation is actually accom-
plished, small practice effects tend to remain, suggesting that longitudinal
data for some variables and over some age ranges may indeed overestimate
gain in early adulthood and slightly underestimate loss in old age. However,
selection effects confounding cross-sectional data remain of far greater mag-
nitude in those instances where it has been possible to disaggregate selection
and aging effects.

I conclude. then, that longitudinal parameter etimates, particularly when
available for multiple data points, remain the preferred sources of our un-
derstanding of cognitive aging, if only because longitudinal designs provide
the very data that can be used to apply the correctives needed to address the
internal validity threats here considered.
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